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About This Manual

The Design Compiler User Guide provides basic synthesis information for users of the
Design Compiler tools. This manual describes synthesis concepts and commands, and
presents examples for basic synthesis strategies.

This manual does not cover asynchronous design, I/0O pad synthesis, test synthesis,
simulation, or back-annotation of physical design information.

The information presented here supplements the Synopsys synthesis reference manuals
but does not replace them. See other Synopsys documentation for details about topics not
covered in this manual.

This manual supports the Synopsys synthesis tools, whether they are running under the
UNIX operating system or the Linux operating system. The main text of this manual
describes UNIX operation.

Audience

This manual is intended for logic designers and engineers who use the Synopsys synthesis
tools with the VHDL or Verilog hardware description language (HDL). Before using this
manual, you should be familiar with the following topics:

¢ High-level design techniques
e ASIC design principles
¢ Timing analysis principles

* Functional partitioning techniques

Related Publications

For additional information about Design Compiler, see the documentation on the Synopsys
SolvNet® online support site at the following address:

https://solvnet.synopsys.com/DocsOnWeb

You might also want to see the documentation for the following related Synopsys products:
¢ Design Vision™

. DesignWare® components

e DFT Compiler and DFTMAX™

e DC Explorer

Preface
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¢ HDL Compiler™
e |C Compiler™
* Power Compiler™

. PrimeTime®

Release Notes

Information about new features, changes, enhancements, known limitations, and resolved
Synopsys Technical Action Requests (STARs) is available in the Design Compiler Release
Notes in SolvNet.

To see the Design Compiler Release Notes,

1. Go to the Download Center on SolvNet located at the following address:

https://solvnet.synopsys.com/DownloadCenter

2. Select Design Compiler, and then select a release in the list that appears.

Preface
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Conventions

The following conventions are used in Synopsys documentation.

Convention

Description

Courier

Courier italic

Courier bold

[]

Indicates syntax, such as write_file.

Indicates a user-defined value in syntax, such as
write_file design_list.

Indicates user input—text you type verbatim—in
examples, such as

prompt> write_file top

Denotes optional arguments in syntax, such as
write_file [-format fmt]

Indicates that arguments can be repeated as many
times as needed, such as
pinl pin2 ... pinN

Indicates a choice among alternatives, such as
low | medium | high

Ctrl+C Indicates a keyboard combination, such as holding
down the Ctrl key and pressing C.
\ Indicates a continuation of a command line.
/ Indicates levels of directory structure.
Edit > Copy Indicates a path to a menu command, such as
opening the Edit menu and choosing Copy.
Preface

About This Manual

XXiv



Design Compiler® User Guide Version 1-2013.12

Customer Support

Customer support is available through SolvNet online customer support and through
contacting the Synopsys Technical Support Center.

Accessing SolvNet

SolvNet includes a knowledge base of technical articles and answers to frequently asked
questions about Synopsys tools. SolvNet also gives you access to a wide range of Synopsys
online services including software downloads, documentation, and technical support.

To access the SolvNet site, go to the following address:
https://solvnet.synopsys.com

If prompted, enter your user name and password. If you do not have a Synopsys user name
and password, follow the instructions to register with SolvNet.

If you need help using the SolvNet site, click HELP in the top-right menu bar.

Contacting the Synopsys Technical Support Center

If you have problems, questions, or suggestions, you can contact the Synopsys Technical
Support Center in the following ways:

e Open a support case to your local support center online by signing in to the SolvNet site
at https://solvnet.synopsys.com, clicking Support, and then clicking “Open A Support
Case’”

* Send an e-mail message to your local support center.
o E-mail support_center@synopsys.com from within North America.

o Find other local support center e-mail addresses at
http://www.synopsys.com/Support/GlobalSupportCenters/Pages

* Telephone your local support center.
o Call (800) 245-8005 from within North America.

o Find other local support center telephone numbers at

http://www.synopsys.com/Support/GlobalSupportCenters/Pages
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Design Compiler Introduction

The Design Compiler product is the core of the Synopsys synthesis products. Design
Compiler optimizes designs to provide the smallest and fastest logical representation of a
given function. It comprises tools that synthesize your HDL descriptions into optimized,
technology-dependent, gate-level designs. It supports a wide range of flat and hierarchical
design styles and can optimize both combinational and sequential designs for speed, area,
and power.

The Design Compiler product includes the following technologies:

DC Expert optimizes designs for area, timing, and power using wire load models for
delay estimation.

DC Ultra builds on the features of DC Expert and provides concurrent optimization of
timing, area, power, and test for high performance designs as well as advanced delay
and arithmetic optimization, advanced timing analysis, critical path resynthesis, and
register retiming.

In addition, DC Ultra provides topographical technology, which allows you to accurately
predict post-layout timing, area, and power without the need for timing approximations
based on wire load models. Design Compiler in topographical mode uses Synopsys’
placement and optimization technologies to ensure better correlation with the final
physical design.

Design Compiler Graphical provides all the DC Expert and DC Ultra features and also
optimizes multicorner-multimode designs, reduces routing congestion, improves area
correlation with IC Compiler and runtime in IC Compiler, and lets you create and modify
floorplans.
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For an introduction to logic- and gate-level designs, the Design Compiler product, the design
flow, and the Design Compiler family of products, see the following topics:

e About Design Compiler

e The Design Compiler Family

e Design Compiler in the Design Flow
¢ High-Level Design Flow Tasks

¢ Design Terminology

e Compile Strategies

Chapter 1: Design Compiler Introduction
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About Design Compiler
The Design Compiler product consists of the following:
e DC Expert
e DC Ultra

e Design Compiler Graphical

DC Expert

DC Expert optimizes designs for area, timing, and power using wire load models for delay
estimation. The tool provides the smallest and fastest logical representation of a given
function. It comprises tools that synthesize your HDL descriptions into optimized,
technology-dependent, gate-level designs. It supports a wide range of flat and hierarchical
design styles and can optimize both combinational and sequential designs.

The following list provides an overview of the DC Expert features:
e Hierarchical compile (top down or bottom up)

¢ Full and incremental compile techniques

* Sequential optimization for complex flip-flops and latches

e Time borrowing for latch-based designs

* Timing analysis

* Command-line interface and graphical user interface

Running DC Expert requires a DC Expert license. To invoke DC Expert, run the dc_shell
command in the UNIX or Linux shell. To perform synthesis, use the compile command.

DC Ultra

At the core of the Synopsys RTL synthesis solution is DC Ultra. DC Ultra provides all the DC
Expert features plus additional features. It provides concurrent optimization of timing, area,
power, and test for today’s high performance designs. DC Ultra provides advanced delay
and arithmetic optimization, advanced timing analysis, critical path resynthesis, register
retiming, and more. By default, DC Ultra runs in wire load mode, which uses wire load
models for delay estimation.

DC Ultra also provides topographical technology, which allows you to accurately predict
post-layout timing, area, and power during RTL synthesis without the need for timing

Chapter 1: Design Compiler Introduction
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approximations based on wire load models. This ensures better correlation with the final
physical design. Topographical technology generates a better starting point for place and
route, eliminating costly iterations.

The following list is an overview of the DC Ultra advanced features that are provided in
addition to the DC Expert basic features:

* Advanced delay optimization algorithms

e Advanced arithmetic optimization

* Integrated datapath partitioning and synthesis capabilities
e Advanced critical path resynthesis

* Register retiming, the process by which the tool moves registers through combinational
gates to improve timing

* Advanced timing analysis

The following DC Ultra features are available when you run the tool in topographical mode:
¢ Infrastructure to support multicore execution for faster runtimes

e Support for multivoltage and multiple supply designs

e Concurrent multicorner-multimode optimization, which reduces iterations and provides
faster time-to-results

e Placement and optimization technologies that are shared with IC Compiler place and
route to drive accurate timing and area prediction within synthesis, ensuring a better
starting point for physical implementation

Running DC Ultra requires a DC Ultra license. Using topographical mode requires additional
licensing.

To invoke DC Ultra, run the dc_shell command in the UNIX or Linux shell. To run the tool
in topographical mode, you must also specify the -topographical_mode option. For
information about using topgraphical mode, see Design Compiler Modes. To perform
synthesis using DC Ultra in wire load mode or topographical mode, use the compile_ultra
command.

See Also

e Overview of Topographical Technology

Chapter 1: Design Compiler Introduction
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Design Compiler Graphical

Design Compiler Graphical provides all the DC Expert and DC Ultra features plus additional
features. Design Compiler Graphical optimizes multicorner-multimode designs, reduces
routing congestion, and improves both area correlation with IC Compiler and runtime in IC
Compiler by using Synopsys physical guidance. In addition, Design Compiler Graphical lets
you create and modify floorplans using floorplan exploration.

The following list is an overview of the Design Compiler Graphical features that are provided
in addition to the DC Expert and DC Ultra features:

* Optimization for multicorner-multimode designs

* Reduction of routing congestion during synthesis

e Improved area and timing correlation with |IC Compiler

e Improved runtime and routability in IC Compiler

* Ability to create and modify floorplans using floorplan exploration

¢ Physical guidance technology, which includes enhanced placement and the capability to
pass seed placement to IC Compiler to improve quality of results (QoR), correlation, and
routability

Running Design Compiler Graphical requires a DC Ultra license and a Design Compiler
Graphical license.

To invoke Design Compiler Graphical, run the dc_shell command with the
-topographical_mode option in the UNIX or Linux shell. For information about using
topographical mode, see Design Compiler Modes. To perform synthesis, use the
compile_ultra command with the -spg option.

See Also

e Using Design Compiler Graphical

Chapter 1: Design Compiler Introduction
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The Design Compiler Family

The Design Compiler family of products provide an integrated RTL synthesis solution to
address today’s challenging IC designs.

Features provided by the Design Compiler of family tools include

e Early RTL exploration, which leads to a better starting point for RTL synthesis

Minimized power consumption at the RTL and gate level, and concurrent timing, area,
power, and test optimizations

Advanced low-power methodologies with power intent defined by the standardized IEEE
1801 Unified Power Format (UPF)

e Transparent implementation of design-for-test capabilities without interfering with
functional, timing, signal integrity, or power requirements

The ability to predict, visualize, and alleviate routing congestion

Floorplan exploration, which allows you to create and modify design floorplans
To learn about the Design Compiler family of products, see

e About DC Explorer

About HDL Compiler

About Library Compiler

About Power Compiler

About DFT Compiler and DFTMAX

About Design Vision

About DC Explorer

Developing new RTL and integrating it with third-party IP and many legacy RTL blocks can
be a time-consuming process when designers lack a fast and efficient way to explore and
improve the data, fix design issues, and create a better starting point for RTL synthesis.
DC Explorer enables you to perform early RTL exploration, leading to a better starting point
for RTL synthesis and accelerating design implementation.

DC Explorer provides the following features:

* Efficiently performs what-if analysis of various design configurations early in the design
cycle, even with incomplete design data, to speed the development of high quality RTL
description and constraints and drive a faster, more convergent design flow

Chapter 1: Design Compiler Introduction
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* Generates an early netlist, which can be used to begin physical exploration in
IC Compiler

* Creates and modifies floorplans very early in the design cycle with access to IC Compiler
design planning

* Performs preliminary synthesis quickly compared to full synthesis, yet gives you timing
and area results typically within ten percent of the final results produced by Design
Compiler in topographical mode

See Also

e The DC Explorer User Guide

About HDL Compiler

The HDL Compiler tool translates Verilog or VHDL descriptions into a generic technology
(GTECH) netlist, which is used by Design Compiler to create an optimized netlist. After the
design meets functionality, timing, power, and other design goals, you can read the
gate-level netlist into IC Compiler and begin physical implementation.

See Also

* HDL Coding for Synthesis

e The HDL Compiler documentation

About Library Compiler

Library Compiler reads the description of an ASIC library from a text file and compiles the
description into either an internal database (.db file format) or into VHDL libraries. The
compiled database supports synthesis tools. The VHDL libraries support VHDL simulation
tools.

See Also

e The Library Compiler documentation

About Power Compiler

The Power Compiler tool offers a complete methodology for power, including analyzing and
optimizing designs for static and dynamic power consumption. It performs RTL and
gate-level power optimization and gate-level power analysis. By applying Power Compiler's

Chapter 1: Design Compiler Introduction
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various power reduction techniques, including clock-gating, operand isolation, multivoltage
leakage power optimization, and gate-level power optimization, you can achieve power
savings, and area and timing optimization in synthesis.

See Also
e Power Optimization

e The Power Compiler User Guide

About DFT Compiler and DFTMAX

The DFT Compiler tool is the Synopsys advanced test synthesis solution. It enables
transparent implementation of design-for-test capabilities into the Synopsys synthesis flow
without interfering with functional, timing, signal integrity, or power requirements.

DFTMAX compression provides synthesis-based scan compression to lower the cost of
testing complex designs, particularly when fabricated with advanced process technologies.
Designs using advanced process technologies can have subtle manufacturing defects that
are only detected by applying at-speed and bridging tests, in addition to stuck-at tests. The
extra patterns needed to achieve high test quality for these designs can increase both the
test time and the test data, resulting in higher test costs. DFTMAX compression reduces
these costs by delivering 10-100x test data and test time reduction with very low silicon area
overhead. DFTMAX enables compressed scan synthesis in Design Compiler and
compressed scan pattern generation in TetraMAX ATPG.

See Also

e The DFT Compiler and DFTMAX documentation

About Design Vision

The Design Vision tool is the graphical user interface (GUI) for the Synopsys logic synthesis
environment and provides analysis tools for viewing and analyzing designs at the generic
technology (GTECH) and gate level. The Design Vision main window provides menus and
dialog boxes for running frequently used Design Compiler commands. It also provides
graphical displays, such as histograms and schematics for visual analysis.

When you start Design Vision in topographical mode, the Design Vision layout window lets
you analyze physical constraints, timing, and congestion in your floorplan. A layout view
displays floorplan constraints, critical timing paths, and congested areas in a single, flat view
of the physical design. This information can help you to guide later optimization operations
in Design Compiler and other Synopsys tools.

Chapter 1: Design Compiler Introduction
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Design Vision Help is also available in the Design Vision GUI from the Help menu. The Help
system contains topics that explain the details of tasks that you can perform.

See Also
e The Design Vision User Guide

* Design Vision Help

Design Compiler in the Design Flow

You use Design Compiler for logic synthesis, which converts a design description written in
a hardware description language, such as Verilog or VHDL, into an optimized gate-level
netlist mapped to a specific logic library. When the synthesized design meets functionality,
timing, power, and other design goals, you can pass the design to

IC Compiler for physical implementation.

Chapter 1: Design Compiler Introduction
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Figure 1-1 shows an overview of how Design Compiler fits into the design flow.

Figure 1-1 Design Compiler in the Design Flow
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High-Level Design Flow Tasks

Figure 1-2 shows the high-level design flow from HDL coding to physical implementation in
IC Compiler. The shaded areas indicate where the design exploration and synthesis tasks
occur in the flow.

Chapter 1: Design Compiler Introduction
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Figure 1-2 High-Level Design Flow
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The synthesis design flow consists of the design exploration stage and the final design
implementation stage. In the design exploration stage, you use DC Explorer to perform
what-if analysis of various design configurations early in the design cycle to speed the

Chapter 1: Design Compiler Introduction
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development of high-quality RTL and constraints and drive a faster, more convergent design
flow. In the design implementation stage, you use the full power of Design Compiler to
synthesize the design.

Using the high-level design flow shown in Figure 1-2, you perform the following tasks:

1. Write an HDL description of your design in Verilog or VHDL. Use good coding practices
to facilitate successful Design Compiler synthesis of the design.

2. Perform design exploration and functional simulation in parallel.

o In design exploration, use DC Explorer to (a) implement specific design goals, such
as design rules and optimization constraints, (b) detect mismatches and missing
constraints, and (c) resolve mismatches and design data inconsistencies.

You can also create and modify floorplans early in the design cycle with floorplan
exploration.

o If design exploration fails to meet timing goals by more than 10 percent, modify your
design goals and constraints, or improve the HDL code. Then repeat both design
exploration and functional simulation.

o Infunctional simulation, determine whether the design performs the desired functions
by using an appropriate simulation tool.

o If the design does not function as required, you must modify the HDL code and repeat
both design exploration and functional simulation.

o Continue performing design exploration and functional simulation until the design is
functioning correctly and is within 10 percent of the timing goals.

3. Perform design implementation synthesis by using Design Compiler to meet design
goals.

After synthesizing the design into a gate-level netlist, verify that the design meets your
goals. If the design does not meet your goals, generate and analyze various reports to
determine the techniques you might use to correct the problems.

4. After the design meets functionality, timing, power, and other design goals, proceed to
the physical implementation stage in IC Compiler.

5. Analyze the physical design’s performance by using back-annotated data. If the results
do not meet design goals, resolve them in IC Compiler or return to step 3. If the results
meet your design goals, you are finished with the design cycle.

See Also
e Design Compiler in the Design Flow

¢ The Synthesis Flow

Chapter 1: Design Compiler Introduction
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Design Terminology

Even though the following terms have slightly different meanings, they are often used
synonymously in the Design Compiler documentation:

* Synthesisis the process that generates a gate-level netlist for an IC design that has been
defined with a hardware description language (HDL). Synthesis includes reading the
HDL source code and optimizing the design created from that description.

e Optimizationis the step in the synthesis process that implements a combination of library
cells that best meet the functional, timing, area, and power requirements of the design.

e Compile is the Design Compiler process that executes the synthesis and optimization
steps. After you read in the design and perform other necessary tasks, you run the
compile_ultra OfF compile command to generate a gate-level netlist for the design.

Different companies use different terminology for designs and their components. The
following topics describe the terminology used in the Synopsys synthesis tools and the
relationship between design instances and references.

* Designs
* Design Objects

* Relationship Between Designs, Instances, and References

Designs

Designs are circuit descriptions that perform logical functions. Designs are described in
various design formats, such as VHDL or Verilog HDL. Logic-level designs are represented
as sets of Boolean equations. Gate-level designs, such as netlists, are represented as
interconnected cells.

Designs can exist and be compiled independently of one another, or they can be used as
subdesigns in larger designs. Designs are flat or hierarchical:

* Flat Designs

Flat designs contain no subdesigns and have only one structural level. They contain only
library cells.

¢ Hierarchical Designs

Hierarchical designs contains one or more designs as subdesigns. Each subdesign can
further contain subdesigns, creating multiple levels of design hierarchy. Designs that
contain subdesigns are called parent designs.
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Design Objects

Synopsys commands, attributes, and constraints are directed toward the specific design
objects described in this topic. Figure 1-3 shows the design objects in a design called TOP.

Figure 1-3 Design Objects

Design Port Instance or Net Pin
J' Cell
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Design: {TOP, ENCODER, REGFILE}
Reference: {ENCODER, REGFILE, INV}
Instance: {U1, U2, U3, U4}

Design

A design consists of instances, nets, ports, and pins. It can contain subdesigns and library
cells. In Figure 1-3, the designs are TOP, ENCODER, and REGFILE. The active design (the
design being worked on) is called the current design. Most commands are specific to the
current design, that is, they operate within the context of the current design.

Reference

A reference is a library component or design that can be used as an element in building a
larger circuit. The structure of the reference can be a simple logic gate or a more complex
design (a RAM core or CPU). A design can contain multiple occurrences of a reference;
each occurrence is an instance.
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References enable you to optimize every cell (such as a NAND gate) in a single design
without affecting cells in other designs. The references in one design are independent of the
same references in a different design. In Figure 1-3, the references are INV, ENCODER, and
REGFILE.

Instance or Cell

An instance is an occurrence in a circuit of a reference (a library component or design)
loaded in memory; each instance has a unique name. A design can contain multiple
instances; each instance points to the same reference but has a unique name to distinguish
it from other instances. An instance is also known as a cell.

A unique instance of a design within another design is called a hierarchical instance. A
unique instance of a library cell within a design is called a leaf cell. Some commands work
within the context of a hierarchical instance of the current design. The current instance
defines the active instance for these instance-specific commands. In Figure 1-3, the
instances are U1, U2, U3, and U4.

Ports

Ports are the inputs and outputs of a design. The port direction is designated as input,
output, or inout.

Pins

Pins are the input and output of cells (such as gates and flip-flops) within a design. The ports

of a subdesign are pins within the parent design.

Nets

Nets are the wires that connect ports to pins and pins to each other.
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Relationship Between Designs, Instances, and References
Figure 1-4 shows the relationships among designs, instances, and references.

Figure 1-4 Instances and References
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The EXREF design contains two references: NAND2 and MULTIPLIER. NAND2 is
instantiated three times, and MULTIPLIER is instantiated one time.

The names given to the three instances of NAND2 are U1, U2, and U3. The references of
NAND2 and MULTIPLIER in the EXREF design are independent of the same references in
different designs.

See Also
* For information about resolving references, see Linking Designs.

e For information about changing designs, such as grouping or ungrouping subdesigns or
changing subdesign references, see Working With Designs in Memory.

Compile Strategies

You can use the following strategies in Design Compiler to compile hierarchical designs in
either wire load mode or topographical mode:

* Top-Down Compile
The top-level design and all its subdesigns are compiled together.
¢ Bottom-Up Compile

The individual subdesigns are compiled separately, starting from the bottom of the
hierarchy and proceeding up through the levels of the hierarchy until the top-level design
is compiled.
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e Mixed Compile

You can take advantage of the benefits of the top-down and the bottom-up compile
strategies by using both stategies.

o Use the top-down compile strategy for small hierarchies of blocks.

o Use the bottom-up compile strategy to tie small hierarchies together into larger
blocks.

Figure 1-5 shows an example of the mixed compilation strategy.

Figure 1-5 Mixing Compilation Strategies

TOP

Specification has detailed time budgets
for first level of hierarchy: A, B, C, and D.

\ Top-down compile is used for
hierarchy below D.

]

Bottom-up compile is used
for hierarchy below B.

See Also

* For detailed information about each compile strategy, including steps, see Selecting and
Using a Compile Strategy.

Top-Down Compile

In the top-down compile method, all environment and constraint settings are defined with
respect to the top-level design. Although this strategy automatically takes care of interblock
dependencies, the method is not practical for large designs because all designs must reside
in memory at the same time. Therefore, you should only use the top-down compile strategy
for designs that are not memory or CPU limited.

Top-level designs that are memory limited can often be compiled using the top-down
strategy if you first replace some of the subdesigns with interface logic model
representations. Replacing a subdesign with an interface logic model can greatly reduce the
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memory requirements for the subdesign instantiation in the top-level design. For information
about how to generate and use interface logic models, see Using Hierarchical Models.

The top-down compile strategy provides the following advantages:
* A push-button approach

* Takes care of interblock dependencies automatically

However, the top-down compile strategy requires more memory and might result in longer
runtimes for designs with over 100K gates.

Bottom-Up Compile

Use the bottom-up compile strategy for medium-size and large designs.
The bottom-up compile strategy provides the following advantages:

e Compiles large designs by using the divide-and-conquer approach
* Requires less memory than top-down compile

e Allows time budgeting

The bottom-up compile strategy requires

* lterating until the interfaces are stable

¢ Manual revision control

The bottom-up compile strategy compiles the subdesigns separately and then incorporates
them in the top-level design. The top-level constraints are applied, and the design is checked
for violations.

When performing a bottom-up compile, if the top-level design contains glue logic as well as
the subblocks (subdesigns), you must also compile the top-level design.
See Also

e Compile Flows in Topographical Mode

Provides information about bottom-up hierarchical compile flows in topographical mode
and second-pass, incremental compile flows that include retiming, design-for-test (DFT),
DFT MAX, or minor netlist edits.
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Working With Design Compiler

Design Compiler offers two interfaces for synthesis and timing analysis: the dc_shell
command-line interface (or shell) and the Design Vision graphical user interface (GUI). The
dc_shell command-line interface is a text-only environment in which you enter commands at
the command-line prompt. Design Vision is the GUI for the Synopsys synthesis
environment; use it for visualizing design data and analyzing results.

To learn how to use the Design Compiler tools to run a synthesis flow, see
* Running Design Compiler

e The Synthesis Flow

* A Design Compiler Session Example

e Using Multicore Technology

2-1
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Running Design Compiler
To learn how to run Design Compiler using dc_shell, see
* Design Compiler Modes
* Working With Licenses
e The Setup Files
e Starting the Tool in Wireload Mode
» Starting the Tool in Topographical Mode
* Entering dc_shell Commands
* Interrupting or Terminating Command Processing
* Finding Session Information in the Log Files
* Using Script Files
e Getting Help on the Command Line

» Saving Designs and Exiting Design Compiler

You can also use the GUI to perform many of the tasks in this topic. For more information,
see the Design Vision User Guide.

Design Compiler Modes

You can use Design Compiler in the following modes:
e Wire Load Mode (Default)

* Topographical Mode

¢ Multimode

e UPF Mode

Wire Load Mode (Default)

When you invoke Design Compiler with the dc_shel1 command, the tool runs in the default
mode, which uses wire load models for delay estimation:

% dc_shell
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In this mode, you can run the following compilation commands:
® compile

The compile command runs DC Expert. DC Expert synthesizes your HDL descriptions
into optimized, technology-dependent, gate-level designs. It supports a wide range of flat
and hierarchical design styles and can optimize both combinational and sequential
designs for area, timing, and power.

® compile_ultra

The compile_ultra command runs DC Ultra without the topographical mode features.
DC Ultra provides concurrent optimization of timing, area, power, and test for high
performance designs. It also provides advanced delay and arithmetic optimization,
advanced timing analysis, critical path resynthesis, and register retiming.

See Also
e DC Expert
e DC Ultra

Topographical Mode

If you are using physical constraints on your design, you must use Design Compiler in
topographical mode. Topographical mode allows you to accurately predict post-layout
timing, area, and power during synthesis without the need for timing approximations based
on wire load models. It uses Synopsys’ placement and optimization technologies to drive
accurate timing prediction within synthesis, ensuring better correlation with the final physical
design.

To invoke Design Compiler in topographical mode, run the dc_shell command with the
-topographical_mode option:

% dc_shell -topographical_mode
In this mode, you can run the following compilation commands:

® compile_ultra

Uses the DC Ultra tool with the topographical mode features enabled. Topographical
technology derives a “virtual layout” of the design so the tool can accurately predict and
use real net capacitances instead of statistical net approximations based on wire load
models. This generates a better starting point for place and route, eliminating costly
iterations. Topographical technology ensures better correlation with the final physical
design.
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® compile_ultra -spg

Uses the Design Compiler Graphical tool, which is an extension of DC Ultra
topographical technology. The Design Compiler Graphical tool optimizes
multicorner-multimode designs, reduces routing congestion, and improves both area
correlation with IC Compiler and runtime in IC Compiler by using Synopsys physical
guidance. In addition, the Design Compiler Graphical tool lets you create and modify
floorplans using floorplan exploration.

See Also

e DC Ultra

e Design Compiler Graphical

Multimode

Designs are often required to operate under multiple modes, such as test or standby mode,
and under multiple operating conditions, sometimes referred to as corners. Such designs
are known as multicorner-multimode designs. The Design Compiler Graphical tool can
analyze and optimize across multiple modes and corners concurrently.

The multicorner-multimode feature in the Design Compiler Graphical tool provides
compatibility between Design Compiler and IC Compiler flows. This feature is available only
in the Design Compiler Graphical tool.

For details about defining modes and corners and setting up multicorner-multimode
analysis, see Optimizing Multicorner-Multimode Designs.

UPF Mode

You can use IEEE 1801—also known as Unified Power Format (UPF)—commands in a UPF
file to specify low-power design intent for multivoltage designs when you use the Power
Compiler tool. The UPF set of Tcl-like commands provide the ability to specify the power
intent early in the design process. In addition, UPF is supported throughout the design flow.

For information about multivoltage design concepts and using UPF mode to synthesize your
multivoltage designs in Power Compiler, see the Power Compiler User Guide.
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Working With Licenses

You need to determine which licenses are in use and know how to obtain and release
licenses. You can use dc_shell commands or the GUI to view, check out, and release
licenses.

To learn about working with licenses, see
¢ License Requirements

¢ Listing the Licenses in Use

e Checking Out Licenses

e Enabling License Queuing

¢ Releasing Licenses

License Requirements

You need the appropriate licenses to run Design Compiler in wireload or topographical
mode. DC Expert, DC Ultra, and Design Compiler Graphical require their own licenses.
Some features require additional licenses or add-ons to the DC Expert, DC Ultra, and
Design Compiler Graphical licenses. To determine which licenses your need for your design
flow, contact your Synopsys representative.

When you start the tool, Design Compiler automatically checks out the necessary license or
licenses. When you exit from Design Compiler, the licenses are automatically checked in,
allowing others at your site to use them.

Listing the Licenses in Use

To view the licenses that you currently have checked out using Design Compiler in wireload
or topographical mode, use the following command:

prompt> list_licences

Licenses 1n use:
DC-Expert (3)
DC-Ultra-Features (3)
DC-Ultra-Opt (3)
Design-Compiler
DesignWare

1

To display which licenses are already checked out, use the following command:

prompt> license_users

bill@engl Design-Compiler
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matt@eng2 Design-Compiler, DC-Ultra-Opt
2 users listed.
1

Checking Out Licenses

When you invoke Design Compiler in topographical or wireload mode, the Synopsys
Common Licensing software automatically checks out the appropriate license. For example,
if you read in an HDL design description, Synopsys Common Licensing checks out a license
for the appropriate HDL compiler.

If you know the tools and interfaces you need, you can use the get_1icense command to
check out those licenses. This ensures that each license is available when you are ready to
use it. By default, only one license is checked out for each feature. After a license is checked
out, it remains checked out until you release it or exit dc_shell.

If multiple licenses are required for a multicore run, use the -quantity option to specify the
total number of licenses needed. If licenses have already been checked out, Design
Compiler acquires only the additional licenses needed to bring the total to the specified
quantity.

In the following example, Design Compiler in topographical mode checks out a license for
the multivoltage feature:

prompt> get_license Galaxy-MV

In the following example, Design Compiler in topographical mode checks out two of the
licenses required to run a multicore compile_ultra command:

prompt> get_license -quantity 2 \
{DC-Expert DC-Ultra-Opt DC-Ultra-Features}

The tool checks out a copy of the license if one is available or displays an error message if
all the licenses are already taken.

Enabling License Queuing

Design Compiler has a license queuing functionality that allows your application to wait for
licenses to become available if all licenses are in use. To enable this functionality, set the
SNPSLMD_QUEUE environment variable to true before you start the Design Compiler tool.
When you invoke the tool, Design Compiler displays the following message:

Information: License queuing is enabled. (DCSH-18)

When you have enabled the license queuing functionality, you might run into a situation
where you hold license L1 while waiting for license L2, and another user holds license L2
while waiting for license L1. In that case, both you and the other user might wait indefinitely,
unless more licenses become available.
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To prevent such situations, use the snps_mMax_waITTIME and the SNPS_MAX_QUEUETIME
environment variables. You must set the sNPSLMD_QUEUE environment variable to true
before using these two variables.

* The snps_MAX WAITTIME variable specifies the maximum wait time in seconds for the
first license that you require.

e The sNPS_MAX_QUEUETIME variable specifies the maximum wait time in seconds for
checking out subsequent licenses within the same dc_shell process. You use this
variable after you have successfully checked out the first license to start dc_shell.

Consider the following scenario: You have already started Design Compiler and are
running a command that requires a DC-Ultra-Features license. The queuing functionality
attempts to check out the license within the specified wait time. The default is 28,800
seconds (or eight hours). If the license is still not available after the predefined time, you
might see a message similar to the following:

Information: Timeout while waiting for feature 'DC-Ultra-Features.'
(DCSH-17)

When you run your design through the synthesis flow, the queuing functionality might display
other status messages as follows:

Information: Started queuing for feature 'HDL-Compiler'. (DCSH-15)
Information: Still waiting for feature 'HDL-Compiler'. (DCSH-16)
Information: Successfully checked out feature 'HDL-Compiler'. (DCSH-14)

Releasing Licenses

To release a license that is checked out to you in topographical or wireload mode, use the
following command:

prompt> remove_license HDL-Compiler

For multicore runs, where multiple licenses might be required for certain features, use the
-keep option to specify how many licenses should be retained for each feature after the
command has completed.

The following example removes some, but not all, of the licenses required for a multicore
compile_ultra run in Design Compiler:

prompt> list_licenses
Licenses in use:
DC-Expert (4)
DC-Ultra-Features (4)
DC-Ultra-Opt (4)
Design-Compiler
1
prompt> remove_license -keep 2 \
{DC-Expert DC-Ultra-Opt DC-Ultra-Features}
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prompt> list_licenses
Licenses in use:
DC-Expert (2)
DC-Ultra-Features (2)
DC-Ultra-Opt (2)
Design-Compiler

The Setup Files

Before starting Design Compiler, make sure your $syNoPsYS variable is set, and the path to
the bin directory is included in your $pATH variable. Be sure to specify the absolute path to
indicate the Synopsys root that contains the Design Compiler installation, as shown:

/tools/synopsys/2013.03/bin/

If you use a relative path (../), as shown, Design Compiler cannot access the libraries that
are located in the root directory:

../../2013.03/bin/

When you invoke Design Compiler in wireload or topographical mode, it automatically
executes commands in three setup files. These files have the same file name,

.synopsys_dc.setup, but reside in different directories. The files can contain commands that
initialize parameters and variables, declare design libraries, and so on.

Design Compiler reads the setup files from three directories in the following order:

1. The Synopsys root directory ($SYNOPSY S/admin/setup)

These system-wide setup files contain system variables defined by Synopsys and
general Design Compiler setup information for all users at your site. Only the system
administrator can modify these files.

2. Your home directory

These user-defined setup files can contain variables that define your preferences for the
Design Compiler working environment. The variables in these files override the
corresponding variables in the system-wide setup files.

3. The current working directory (the directory from which you start Design Compiler)

These design-specific setup files can contain project-specific or design-specific variables
that affect the optimizations of all designs in this directory. To use the files, you must
invoke Design Compiler from this directory. Variables defined in these files override the
corresponding variables in the user-defined and system-wide setup files.
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Example 2-1 shows a .synopsys_dc.setup file.

Example 2-1 .synopsys_dc.setup File

# Define the target logic library, symbol library,

# and link libraries

set_app_var target_library lsi_10k.db

set_app_var symbol_library lsi_10k.sdb

set_app_var synthetic_library dw_foundation.sldb

set_app_var link_library “* Starget_library $synthetic library"
set_app_var search_path [concat $search_path ./src]

set_app_var designer "Your Name"

# Define aliases
alias h history
alias rc “report_constraint -all_violators"

Some ASIC and EDA vendors have a program that creates a .synopsys_dc.setup file that
includes the appropriate commands to convert names to their conventions. For an example
of a naming rules section in a .synopsys_dc.setup file, see Example 2-2.

See Also

* Forinformation about defining the $paTH and $syNoPsYs variables, see the Synthesis
Tools Installation Notes.

* Naming Rules Section of the .synopsys_dc.setup File

Naming Rules Section of the .synopsys_dc.setup File

Example 2-2 shows sample naming rules created by a specific layout tool vendor. These
naming rules do the following:

* Limit object names to alphanumeric characters

* Change DesignWare cell names to valid names (changes “*cell™” to “U” and “*-return” to
“RET!’)

Your vendor might use different naming conventions. Check with your vendor to determine
the naming conventions you need to follow. If you need to change any net or port names, use
the define_name_rules and change_names commands.

Example 2-2 Naming Rules Section of .synopsys_dc.setup File

define_name_rules simple_names -allowed "A-Za-z0-9_" \
-last_restricted "_" \
-first _restricted "_" \

_map { {{"\*Cell\*","U"}, {ll*_returnu’uRETu}} }
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Starting the Tool in Wireload Mode

You start Design Compiler by entering the dc_shel1 command in a UNIX or Linux shell:
% dc_shell

Be sure to specify the absolute path to indicate the Synopsys root that contains the Design
Compiler installation, as shown:
% /tools/synopsys/2013.03/bin/dc_shell

If you use a relative path (../), as shown, Design Compiler cannot access the libraries that
are located in the root directory:

oe

«./../2013.03/bin/dc_shell

To execute a script file before displaying the initial dc_shell prompt, specify the - £ option with
the dc_shell command. To include any command statements that you want to be executed
automatically at startup, specify the -x option.

You can also open the GUI when you start Design Compiler by specifying the -gui option
with the dc_shel1 command. You must have a Design Vision license to use the GUI from a
dc_shell session.

You can open the GUI at any time from the Design Compiler command-line interface by
entering the gui_start command at the dc_shell prompt:

prompt> gui_start
For more information about using the GUI, see the Design Vision User Guide.

For information about the options you can use when you start the tool, see the dc_shell
man page.

When you start the command-line interface, the dc_shell prompt appears in the UNIX or
Linux shell:

dc_shell>

Starting the Tool in Topographical Mode

If you are using Design Compiler in topographical mode, following the instructions in Starting
the Tool in Wireload Mode and specify the -topographical_mode option with the dc_shell
command:

% dc_shell -topographical_mode

The resulting command prompt is

dc_shell-topo>
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Design Compiler Startup Tasks

At startup, dc_shell does the following tasks:

1. Creates a command log file.

2. Reads and executes the .synopsys_dc.setup files, as described in The Setup Files.

3. Executes any script files or commands specified by the -f and -x options, respectively,
on the command line.

4. Displays the program header and dc_shell prompt in the window from which you invoked
dc_shell. The program header lists all features for which your site is licensed.

Entering dc_shell Commands

You interact with the Design Compiler shell by using dc_shell commands, which are based
on the tool command language (Tcl) and include certain command extensions needed to
implement specific Design Compiler functionality. The Design Compiler command language
provides capabilities similar to UNIX command shells, including variables, conditional
execution of commands, and control flow commands. You can

* Enter individual commands interactively at the dc_shell prompt

¢ Run one or more Tcl command scripts, which are text files that contain dc_shell
commands

You enter commands in dc_shell the same way you enter commands in a standard UNIX or
Linux shell. When entering a command, option, or file name, you can minimize your typing
by pressing the Tab key when you have typed enough characters to specify a unique name;
Design Compiler completes the remaining characters. If the characters you typed could be
used for more than one name, Design Compiler lists the qualifying names from which you
can select by using the arrow keys and the Enter key.

To get a list of all dc_shell commands on the command line, enter

prompt> help

You can reuse a command from the output for a command-line interface by copying and
pasting it to the dc_shell command line.

When the GUI is open, you can enter commands on the console command line and use the
commands available through the menu interface. You can select commands in the console
history view and either rerun them or copy them to the command line, where you can edit
them. For more information, see the “Viewing the Command History” topic in Design Vision
Help.
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See Also

* Using Tcl With Synopsys Tools

Interrupting or Terminating Command Processing

If you enter the wrong options for a command or enter the wrong command, you can
interrupt command processing and remain in dc_shell. To interrupt or terminate a command,
press Ctrl+C.

Some commands and processes, such as the update_timing command, cannot be
interrupted. To stop these commands or processes, you must terminate dc_shell at the
system level. When you terminate a process or the shell, no data is saved.

When you press Ctrl+C, remember the following points:

* If a script file is being processed and you interrupt one of its commands, the script
processing is interrupted and no further script commands are processed.

¢ |f you press Cirl+C three times before a command responds to your interrupt, dc_shell is
interrupted and exits with the following message:

Information: Process terminated by interrupt.

This behavior has a few exceptions, which are documented in the man pages for the
applicable commands.

Finding Session Information in the Log Files

You can find session information, such as the dc_shell commands that were processed and
the files that were accessed, in the following log files:

e Command Log Files
e Compile Log Files

* File Name Log Files

Command Log Files

The command log file records the dc_shell commands processed by Design Compiler,
including setup file commands and variable assignments. By default, Design Compiler
writes the command log to a file called command.log in the directory from which you invoked
dc_shell.

You can change the name of the command.log file by setting the sh_command_log file
variable in the .synopsys_dc.setup file. You should make any changes to this variable before
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you start Design Compiler. If your user-defined or project-specific .synopsys_dc.setup file
does not define the variable, Design Compiler automatically creates the command.log file.

Each Design Compiler session overwrites the existing command log file. To save a
command log file, move or rename it. You can use the command log file to

e Produce a script for a particular synthesis strategy
¢ Record the design exploration process

* Document any problems you are having

Compile Log Files
Each time you compile a design, Design Compiler creates the following compile log files:
* ASCIl log file

The log displays the output, such as the commands that are processed and the error
messages for each Design Compiler run, on the screen for quick viewing and debugging.

e HTML log file

The file resides under the current working directory. It contains the complete contents of
the ASCII log but in HTML format. At the end of this file, a summary table provides an
overview of all occurrences of messages grouped by the message ID. You can click the
message ID link to display the message.

To generate the HTML log file in dc_shell, set the htm1_1log_enable variable to true
before reading in the design. For example,

prompt> set_app_var html_log_enable true

By default, the htm1_1log_enable variable is set to false, and only the ASCII log file is
generated. The contents of the ASCII and HTML log files are identical. However, the way
the contents are displayed is different. In the HTML log file, you can control the level of

detail that is displayed by clicking the plus (+) or minus (-) buttons to expand or collapse
multiple lines of messages.

By default, the HTML file name is default.html. To specify a different file name, set the
html_log_filename variable. For example,

prompt> set_app_var html_log filename my HTML_ log.html

Important:
You must have the Python programming language installed to generate an HTML log
file. For download information, go to the following address:

http://www.python.org/download
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File Name Log Files

By default, Design Compiler lists the names of the files that it has read to a log file in the
directory from which you invoked dc_shell. You can use the log file to identify data files
needed to reproduce an error if Design Compiler terminates abnormally. To specify the
name of the log file, set the filename_log_file variable in the .synopsys_dc.setup file.

Using Script Files

Scripts are used to accomplish repetitive routines, such as setting constraints or defining
other design attributes. You can use your existing Tcl scripts in the Design Compiler
command-line interface and GUI.

You can create a script file by placing a sequence of dc_shell commands in a text file. You
can also define scripts in your setup files. Any dc_shell command can be executed within a
script file.

In Tcl, a pound sign (#) at the beginning of a line denotes a comment:

# This is a comment.

To execute a script file before displaying the initial dc_shell prompt, specify the - £ option with
the dc_shell command:

% dc_shell -f script file name

To execute a script file within the tool, use the source command at the command prompt
and specify the file name:

prompt> source script file name

For example, the following command executes the dc.tcl top-down compile script shown in
Example 2-3:

dc_shell-topo> source dc.tcl

See Also

* Using Tcl With Synopsys Tools

e The “Using dctcl Scripts” topic in Design Vision Help
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Getting Help on the Command Line

Design Compiler provides a variety of user-assistance tools. The following online
information resources are available while you are using the Design Compiler tool:

e Command help lists the options and arguments used with a specified dc_shell command
and displays them in the Design Compiler shell or in the console log view when the GUI
is open.

To get information about the options available for a specific dc_shell command, enter the
command name with the -help option:

prompt> command name -help

e Man pages are displayed in the Design Compiler shell or in the console log view when
the GUI is open.

* The man page viewer displays command, variable, and error message man pages that
you request while using the GUI.

To get the man page for a specific dc_shell command or variable, enter

prompt> man command_or_ variable_name

For information about using the GUI to get command help, display man pages, and access
the Design Vision Help system, which contains topics that explain tasks that you can
perform, see the Design Vision User Guide.

Saving Designs and Exiting Design Compiler

You can exit Design Compiler at any time and return to the operating system. By default,
dc_shell saves the session information in the command.log file. However, if you change the
name of the log file using the sh_command_log_file variable after you start the tool,
session information might be lost.

Also, dc_shell does not automatically save the designs loaded in memory. To save these
designs before exiting, use the write_file command. For example,

prompt> write_file -format ddc -hierarchy -output my design.ddc
To exit dc_shell, do one of the following:
e If you are in the command-line interface, Enter quit or exit.

e |[f you are running Design Compiler in interactive mode, and the tool is busy, press Ctrl+D.
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The Synthesis Flow

Figure 2-1 shows a basic synthesis flow. You can use this synthesis flow during design
exploration and design implementation.

The figure lists the basic DC Expert and DC Ultra commands that are commonly used in
each step of the flow. All the commands shown in the figure can accept options, but no
options are shown in the figure.

Note:
In the “Select Compile Strategy” step, top down and bottom up are not commands. They

refer to two commonly used compile strategies that use different combinations of
commands.
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Figure 2-1 Synthesis Flow
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The following steps provide an overview of the synthesis flow:

1.

Develop the HDL files.

The input design files for Design Compiler are written using a hardware description
language (HDL) such as Verilog or VHDL. When preparing the HDL code, you need to
consider design data management, design partitioning, and your HDL coding style.

For details, see Preparing Design Files for Synthesis and the HDL Compiler
documentation.

Specify the libraries.

Specify the link, target, symbol, synthetic, and physical libraries.
For details, see Setting Up the Libraries.

Read the design.

Design Compiler can read both RTL designs and gate-level netlists. Design Compiler
uses HDL Compiler to read Verilog and VHDL RTL designs and Verilog and VHDL
gate-level netlists. You can also read gate-level netlists in .ddc format.

For details, see Working With Designs in Memory.

For information about the recommended reading methods, see the HDL Compiler
documentation.

. Define the design environment.

Design Compiler requires that you model the environment of the design to be
synthesized. This model comprises the external operating conditions (manufacturing
process, temperature, and voltage), loads, drives, fanouts, and so on. It directly
influences design synthesis and optimization results. If you are not using topographical
mode, you need to specify wire load models to estimate the effect of wire length on
design performance.

For details, see Defining the Design Environment.

Set the design constraints.

You define these constraints by using commands such as those listed under this step in
Figure 2-1.

Note:
Design constraint settings are influenced by the compile strategy you choose. Flow
steps 5 and 6 are interdependent. Compile strategies are discussed in step 6.

For details, see Defining Design Constraints and Using Floorplan Physical Constraints

Select the compile strategy.

If your design is hierarchical, you must choose a compile strategy. You can use a
top-down or bottom-up strategy. Both strategies have advantages and disadvantages,
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depending on your particular designs and design goals. You can use either strategy to
process the entire design, or you can use a mix of strategies, using the most appropriate
strategy for each subdesign.

For details, see Selecting and Using a Compile Strategy.
7. (Optional) Provide the floorplan information.

If you are using topographical mode, you can provide a floorplan or floorplan constraints.
If you do not specify a floorplan, Design Compiler creates one for you. However,
specifying floorplan constraints ensures more accurate placement area and improved
timing correlation with the post-place-and-route design.

For details, see Using Floorplan Physical Constraints and Performing a Bottom-up
(Hierarchical) Compile.

8. Synthesize and optimize the design with the compile_ultra Or compile command.
For details, see Optimizing the Design and Using Topographical Technology.

9. Insert scan chains.
Run the insert_dft command to insert scan chains.
For details, see the DFT Compiler User Guide.

10. Perform incremental synthesis.

Perform an incremental compile by using the compile_ultra -incremental -scan
command or the compile -incremental mapping -scan command.

The main goal for compile_ultra -incremental is to enable topographical-based
optimization for post-topographical-based synthesis flows such as retiming,
design-for-test (DFT), DFTMAX, and minor netlist edits.

For details, see Performing an Incremental Compile.
11. (Optional) Visually inspect the floorplan and placement results.

In topographical mode, use the GUI layout window to verify your floorplan and placement
results. You can

o Examine the placement and orientation of objects such as macro cells, port locations,
and physical constraints

o Examine the placement of critical timing path objects
o Analyze floorplan-related congestion and identify the causes of congestion hotspots
For details, see Using Design Compiler Graphical and the Design Vision Help.

12. Analyze and resolve design problems.

Design Compiler can generate numerous reports, such as area, constraint, and timing
reports, on the synthesis and optimization results. You use reports to analyze and
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resolve any design problems or to improve synthesis results. You can use the
check_design command to check the synthesized design for consistency. Other
check_* commands are available.

You can also create a categorized timing report in HTML format by using the
create_gor_snapshot and query_gor_snapshot commands. The report lets you
quickly find paths with certain problems, such as large fanouts or transition degradation.
You can then modify the constraints and generate a new report based on the constraints
you specified.

For details, see Analyzing and Resolving Design Problems.

13. Save the design.

Use the write_file command to save the synthesized design. Design Compiler does
not automatically save designs before exiting. You can write out the design in .ddc,
Milkyway, or Verilog format.

For details, see Working With Designs in Memory. If you are using topographical mode,
see Inputs and Outputs in Design Compiler Topographical Mode.

You can also save the design attributes and constraints used during synthesis in a script
file. Script files are ideal for managing your design attributes and constraints. For details,
see the information about using script files in Using Tcl With Synopsys Tools.

See Also

e Compile Flows in Topographical Mode

A Design Compiler Session Example

Example 2-3 shows a Tcl script that performs a top-down compile run. It uses the basic
synthesis flow in topographical mode. The script contains comments that identify each step
in the flow. Some of the script command options and arguments have not yet been explained
in this manual. Nevertheless, from the previous discussion of the basic synthesis flow, you
can begin to understand this example of a top-down compile.

Note:
Only the set_driving_cell command is not discussed in the section on basic
synthesis design flow. The set_driving_cell command is an alternative way to set the
external drives on the ports of the design to be synthesized.

Example 2-3 Top-Down Compile Script

# Specify the libraries

set_app_var search_path "$search_path ./libraries"
set_app_var link_library "* max_lib.db"
set_app_var target_library "max_lib.db"
create_mw_lib -technology Smw_tech_file \
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-mw_reference_library Smw_reference library Smw_1ib_name
open_mw_lib Smw_1ib_name

# Read the design
read_verilog rtl.v

# Define the design environment

set_load 2.2 sout

set_load 1.5 cout

set_driving cell -1lib_cell FD1 [all_inputs]

# Set the optimization constraints
create_clock clk -period 10

set_input_delay -max 1.35 -clock clk {ain bin}
set_input_delay -max 3.5 -clock clk cin
set_output_delay -max 2.4 -clock clk cout
extract_physical_constraints def file name

# Map and optimize the design
compile_ultra

# Analyze and debug the design
report_timing

change_names -rules verilog -hierarchy

# Save the design database

write_file -format ddc -hierarchy -output top_synthesized.ddc
write_file -format verilog -hierarchy -output netlist.v
write_ sdf sdf file name

write_parasitics -output parasitics_file name

write_sdc sdc_file name

write_floorplan -all phys_cstr_file_name.tcl

You can execute these commands in any of the following ways:
* Enter dc_shell and type each command in the order shown in the example.

e Enter dc_shell and execute a script file by using the source command.

For example, if you are running Design Compiler and the script is in a file called run.scr,
you can execute the script file by entering the following command:

prompt> source run.scr

* Run the script from the UNIX command line by using the dc_shell command with the
- £ option.

For example, the following command invokes Design Compiler in topographical mode
and executes the run.scr script file from the UNIX prompt:

% dc_shell -topographical_mode -f run.scr
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Using Multicore Technology

The multicore technology in Design Compiler allows you to use multiple cores to improve the
tool runtime. During synthesis, multicore functionality can divide large optimization tasks into
smaller tasks for processing on multiple cores.

Multicore technology is only supported in Design Compiler in topographical mode and
Design Compiler Graphical. It is not supported in DC Expert.

Enabling Multicore Functionality

To enable multicore functionality in Design Compiler, use the set_host_options command.
For example, the following command enables the tool to use six cores to run your processes:

dc_shell-topo> set_host_options -max cores 6

All compile_ultra command options support the use of multiple cores for optimization.

Note:
There might be a slowdown in the performance when the number of available cores is
less than the number you specify with set_host_options -max_cores because
predicting machine load is difficult.

If you are in multicore mode, the log file contains an information message similar to the
following message:

Information: Running optimization using a maximum of 8 cores. (OPT-1500)

Measuring Runtime

When you measure the runtime speedup using multicore optimization, use the wall clock
time of the process. The CPU time does not correctly account for multicore runtime
speedup.

To report the overall compile wall clock time, run the report_gor command, as shown in the
following example. The command reports the combined wall clock time, combining the
compile_ultra and compile_ultra -incremental command runs.

dc_shell-topo> report_gor

EE R I R R I I I I I I S I I I

Report : gor

R Ik kI I R I R R R S S I R Sk b Sk b i bk I

Hostname: machine
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Compile CPU Statistics

Resource Sharing: 21.54
Logic Optimization: 182.63
Mapping Optimization: 230.79
Overall Compile Time: 631.32
Overall Compile Wall Clock Time: 288.11

Version 1-2013.12

You can also check the wall clock time using the clock commands shown in the following

example:

dc_shell-topo>
dc_shell-topo>
dc_shell-topo>
dc_shell-topo>
dc_shell-topo>

set_host_options -max cores 2

set pre_compile_clock [clock seconds]
compile_ultra

set post_compile_clock [clock seconds]

set diff clock \

[expr $post_compile clock - $pre compile clock]

For additional information about multicore technology, see the set_host_options man

page.

See Also

* Displaying Quality of Results
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3

Preparing Design Files for Synthesis

Designs (design descriptions) are stored in design files. Design files must have unique
names. If a design is hierarchical, each subdesign refers to another design file, which must
also have a unique name. However, different design files can contain subdesigns with
identical names.

As you prepare your design for synthesis, it is important that you develop a strategy for
managing design files so that data is not lost. It is important also to consider HDL coding
strategies. HDL coding is the foundation for synthesis because it implies the initial structure
of the design. In addition, consider how constraints will impact your design. Constraints are
declarations that define the design’s goals in measurable circuit characteristics. They can be
specified interactively on the command line or specified in a script file.

To learn about preparing your design and constraints for synthesis, see
* Managing the Design Data

* Partitioning for Synthesis

* HDL Coding for Synthesis

* Creating Constraints
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Managing the Design Data

Use systematic organizational methods to manage the design data. Design data control and
data organization, as described in the following topics, are two basic elements of managing
design data.

e Controlling the Design Data
¢ Organizing the Design Data

See Also

e Creating Constraints

Controlling the Design Data

As new versions of your design are created, you must maintain some archival and
record-keeping method that provides a history of the design evolution and that lets you
restart the design process if data is lost. Establishing controls for data creation,
maintenance, overwriting, and deletion is a fundamental design management issue.
Establishing file-naming conventions is one of the most important rules for data creation.

Table 3-1 lists the recommended file name extensions for each design data type.
Table 3-1 File Name Extensions

Design data type Extension Description
Design source code AY Verilog
.vhd VHDL
Synthesis scripts .con Constraints
.scr Script
Reports and logs .rpt Report
.log Log
Design database .ddc Synopsys internal database format
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Organizing the Design Data

Establishing and adhering to a method of organizing data is more important than the method
you choose. After you place the essential design data under a consistent set of controls, you
can organize the data in a meaningful way. To simplify data exchanges and data searches,

you should adhere to this data organization system.

You can use a hierarchical directory structure to address data organization issues. Your
compile strategy will influence your directory structure. Figure 3-1 shows directory
structures based on the top-down compile strategy, and Figure 3-2 shows directory

structures based on the bottom-up compile strategy.

Figure 3-1 Top-Down Compile Directory Structure

Design
src syn sim
.vhd
v .synopsys_dc.setup
work ‘ ‘

script log unmapped mapped netlist
.con .rpt .dde .dde v
.scr .log .vhd
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Figure 3-2 Bottom-Up Compile Directory Structure

Design
|
| | _
src syn sim
.vhd
v .synopsys_dc.setup
work ‘ | ‘
passi pass2
| |
] | | o | |
script log unmapped mapped netlist script log unmapped mapped netlist
.con  .pt .dde .ddc v .con .rpt .dde .ddc v
-ser .log .vhd -ser .dog .vhd

For details about compile strategies, see Selecting and Using a Compile Strategy.

Partitioning for Synthesis

Partitioning a design effectively can enhance the synthesis results, reduce compile time, and
simplify the constraint and script files.

Partitioning affects block size, and although Design Compiler has no inherent block size
limit, you should be careful to control block size. If you make blocks too small, you can create
artificial boundaries that restrict effective optimization. If you create very large blocks,
compile runtimes can be lengthy.

Use the following strategies to partition your design and improve optimization and runtimes:
e Partitioning for Design Reuse

* Keeping Related Combinational Logic Together

¢ Registering Block Outputs

* Partitioning by Design Goal

e Partitioning by Compile Technique

* Keeping Sharable Resources Together

* Keeping User-Defined Resources With the Logic They Drive

* Isolating Special Functions
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Partitioning for Design Reuse

Design reuse decreases time-to-market by reducing the design, integration, and testing
effort. When reusing existing designs, partition the design to enable instantiation of the
designs.

To enable designs to be reused, follow these guidelines during partitioning and block design:
* Thoroughly define and document the design interface.
e Standardize interfaces whenever possible.

e Parameterize the HDL code.

Keeping Related Combinational Logic Together

By default, Design Compiler cannot move logic across hierarchical boundaries. Dividing
related combinational logic into separate blocks introduces artificial barriers that restrict
logic optimization.

For best results, apply these strategies:

* Group related combinational logic and its destination register together.

When working with the complete combinational path, Design Compiler has the flexibility
to merge logic, resulting in a smaller, faster design. Grouping combinational logic with its
destination register also simplifies the timing constraints and enables sequential
optimization.

¢ Eliminate glue logic.

Glue logic is the combinational logic that connects blocks. Moving this logic into one of
the blocks improves synthesis results by providing Design Compiler with additional
flexibility. Eliminating glue logic also reduces compile time, because Design Compiler
has fewer logic levels to optimize.

For example, assume that you have a design containing three combinational clouds on or
near the critical path. Figure 3-3 shows poor partitioning of this design. Each of the
combinational clouds occurs in a separate block, so Design Compiler cannot fully exploit its
combinational optimization techniques.
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Figure 3-3 Poor Partitioning of Related Logic
Critical path

__1
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Figure 3-4 shows the same design with no artificial boundaries. In this design, Design
Compiler has the flexibility to combine related functions in the combinational clouds.

Figure 3-4 Keeping Related Logic in the Same Block

Critical path
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Registering Block Outputs

To simplify the constraint definitions, make sure that registers drive the block outputs, as
shown in Figure 3-5.

Figure 3-5 Registering All Outputs

set_driving_cell my_flop [all_inputs]
set_input_delay 2 -clock CLK

This method enables you to constrain each block easily because

e The drive strength on the inputs to an individual block always equals the drive strength of
the average input drive

e The input delays from the previous block always equal the path delay through the flip-flop

Because no combinational-only paths exist when all outputs are registered, time budgeting
the design and using the set_output_delay command are easier. Given that one clock
cycle occurs within each module, the constraints are simple and identical for each module.

This partitioning method can improve simulation performance. With all outputs registered, a
module can be described with only edge-triggered processes. The sensitivity list contains
only the clock and, perhaps, a reset pin. A limited sensitivity list speeds simulation by having
the process triggered only one time in each clock cycle.

Partitioning by Design Goal

Partition logic with different design goals into separate blocks. Use this method when certain
parts of a design are more area and timing critical than other parts.

To achieve the best synthesis results, isolate the noncritical speed constraint logic from the
critical speed constraint logic. By isolating the noncritical logic, you can apply different
constraints, such as a maximum area constraint, on the block.
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Figure 3-6 shows how to separate logic with different design goals.

Figure 3-6 Blocks With Different Constraints
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Partitioning by Compile Technique

Partition logic that requires different compile techniques into separate blocks. Use this
method when the design contains highly structured logic along with random logic.

* Highly structured logic, such as error detection circuitry, which usually contains large
exclusive OR trees, is better suited to structuring.

* Random logic is better suited to flattening.

For more information about structuring and flattening, see Logic-Level Optimization.

Keeping Sharable Resources Together

Design Compiler can share large resources, such as adders or multipliers, but resource
sharing can occur only if the resources belong to the same VHDL process or Verilog always
block.

For example, if two separate adders have the same destination path and have multiplexed
outputs to that path, keep the adders in one VHDL process or Verilog always block. This
approach allows Design Compiler to share resources (using one adder instead of two) if the
constraints allow sharing. Figure 3-7 shows possible implementations of a logic example.
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Figure 3-7 Keeping Sharable Resources in the Same Process
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For more information about resource sharing, see the HDL Compiler documentation.

Keeping User-Defined Resources With the Logic They Drive

User-defined resources are user-defined functions, procedures, or macro cells, or
user-created DesignWare components. Design Compiler cannot automatically share or
create multiple instances of user-defined resources. Keeping these resources with the logic
they drive, however, gives you the flexibility to split the load by manually inserting multiple
instantiations of a user-defined resource if timing goals cannot be achieved with a single
instantiation.

Figure 3-8 illustrates splitting the load by multiple instantiation when the load on the signal
PARITY_ERR is too heavy to meet constraints.
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Figure 3-8 Duplicating User-Defined Resources
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Isolating Special Functions

Isolate special functions, such as I/O pads, clock generation circuitry, boundary-scan logic,
and asynchronous logic from the core logic. Figure 3-9 shows the recommended
partitioning for the top level of the design.

Figure 3-9 Recommended Top-Level Partitioning
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The top level of the design contains the I/O pad ring and a middle level of hierarchy that
contains submodules for the boundary-scan logic, the clock generation circuitry, the
asynchronous logic, and the core logic. The middle level of hierarchy exists to allow the
flexibility to instantiate I/O pads. Isolation of the clock generation circuitry enables
instantiation and careful simulation of this module. Isolation of the asynchronous logic helps
confine testability problems and static timing analysis problems to a small area.

HDL Coding for Synthesis

HDL coding is the foundation for synthesis because it implies the initial structure of the
design. When writing your HDL source code, always consider the hardware implications of
the code. A good coding style can generate smaller and faster designs.

To learn how to write efficient code so that you can achieve your design target in the shortest
possible time, see

* Writing Technology-Independent HDL
* Using HDL Constructs
* Writing Effective Code

See Also

* Instantiating RTL PG Pins

Writing Technology-Independent HDL

The goal of high-level design that uses a completely automatic synthesis process is to have
no instantiated gates or flip-flops. If you meet this goal, you will have readable, concise, and
portable high-level HDL code that can be transferred to other vendors or to future processes.

In some cases, the HDL Compiler tool requires compiler directives to provide
implementation information while still maintaining technology independence. In Verilog,
compiler directives begin with the characters // or /*. In VHDL, compiler directives begin with
two hyphens (--) followed by pragma or synopsys. For more information, see the HDL
Compiler documentation.

To learn various methods for keeping your HDL code technology independent, see
* Inferring Components

* Designing State Machines
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Inferring Components

HDL Compiler can infer multiplexers, registers, three-state drivers, and multibit components.
To learn about these inference capabilities, see

* Inferring Multiplexers

* Inferring Registers

* Mixing Register Types

* Inferring Registers Without Control Signals

* Inferring Registers With Control Signals

* Inferring Three-State Drivers

* Inferring Multibit Components

See Also

e The HDL Compiler documentation

Inferring Multiplexers

HDL Compiler can infer a generic multiplexer cell (MUX_OP) from case statements in your
HDL code. If your target logic library contains at least a 2-to-1 multiplexer cell, Design
Compiler maps the inferred MUX_OPs to multiplexer cells in the target logic library. Design
Compiler determines the MUX_OP implementation during compile based on the design
constraints. For information about how Design Compiler maps MUX_OPs to multiplexers,
see the Design Compiler Optimization Reference Manual.

Use the infer_mux compiler directive to control multiplexer inference. When attached to a
block, the infer_mux directive forces multiplexer inference for all case statements in the
block. When attached to a case statement, the infer_mux directive forces multiplexer
inference for that specific case statement.

Inferring Registers

Register inference allows you to specify technology-independent sequential logic in your
designs. A register is a simple, 1-bit memory device, either a latch or a flip-flop. A latch is a
level-sensitive memory device. A flip-flop is an edge-triggered memory device.

HDL Compiler infers a D latch whenever you do not specify the resulting value for an output
under all conditions, as in an incompletely specified if or case statement. HDL Compiler can
also infer SR latches and master-slave latches.
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HDL Compiler infers a D flip-flop whenever the sensitivity list of a Verilog always block or
VHDL process includes an edge expression (a test for the rising or falling edge of a signal).
HDL Compiler can also infer JK flip-flops and toggle flip-flops.

Mixing Register Types

For best results, restrict each Verilog always block or VHDL process to a single type of
register inferencing: latch, latch with asynchronous set or reset, flip-flop, flip-flop with
asynchronous set or reset, or flip-flop with synchronous set or reset.

Be careful when mixing rising- and falling-edge-triggered flip-flops in your design. If a
module infers both rising- and falling-edge-triggered flip-flops and the target logic library
does not contain a falling-edge-triggered flip-flop, Design Compiler generates an inverter in
the clock tree for the falling-edge clock.

Inferring Registers Without Control Signals

For inferring registers without control signals, make the data and clock pins controllable from
the input ports or through combinational logic. If a gate-level simulator cannot control the
data or clock pins from the input ports or through combinational logic, the simulator cannot
initialize the circuit, and the simulation fails.

Inferring Registers With Control Signals

You can initialize or control the state of a flip-flop by using either an asynchronous or a
synchronous control signal.

For inferring asynchronous control signals on latches, use the async_set_reset compiler
directive (attribute in VHDL) to identify the asynchronous control signals. HDL Compiler
automatically identifies asynchronous control signals when inferring flip-flops.

For inferring synchronous resets, use the sync_set_reset compiler directive (attribute in
VHDL) to identify the synchronous controls.

Inferring Three-State Drivers

Assign the high-impedance value (1’bz in Verilog, 'Z' in VHDL) to the output pin to have
Design Compiler infer three-state gates. Three-state logic reduces the testability of the
design and makes debugging difficult. Where possible, replace three-state buffers with a
multiplexer.

Never use high-impedance values in a conditional expression. HDL Compiler always
evaluates expressions compared to high-impedance values as false, which can cause the
gate-level implementation to behave differently from the RTL description.

For additional information about three-state inference, see the HDL Compiler
documentation.
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Inferring Multibit Components

Multibit inference allows you to map multiplexers, registers, and three-state drivers to
regularly structured logic or multibit library cells. Using multibit components can have the
following results:

e Smaller area and delay, due to shared transistors and optimized transistor-level layout
* Reduced clock skew in sequential gates

e Lower power consumption by the clock in sequential banked components

e Improved regular layout of the data path

Multibit components might not be efficient in the following instances:

* As state machine registers

¢ |n small bused logic that would benefit from single-bit design

You must weigh the benefits of multibit components against the loss of optimization flexibility
when deciding whether to map to multibit or single-bit components.

Attach the infer_multibit compiler directive to bused signals to infer multibit components.
You can also change between a single-bit and a multibit implementation after optimization
by using the create_multibit and remove_multibit commands.

For more information about how Design Compiler handles multibit components, see the
Design Compiler Optimization Reference Manual.

Designing State Machines

You can specify a state machine by using several different formats:
* Verilog

e VHDL

» State table

e PLA

If you use the state_vector and enum compiler directives in your HDL code, Design
Compiler can extract the state table from a netlist. In the state table format, Design Compiler
does not retain the casex, casez, and parallel_case information. Design Compiler does not
optimize invalid input combinations and mutually exclusive inputs.
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Figure 3-10 shows the architecture for a finite state machine.

Figure 3-10 Finite State Machine Architecture

(Mealy machines only)
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Using an extracted state table provides the following benefits:

e State minimization can be performed.

* Tradeoffs between different encoding styles can be made.

e Don’t care conditions can be used without flattening the design.

* Don’t care state codes are automatically derived.

Version 1-2013.12

For information about extracting state machines and changing encoding styles, see the

Design Compiler Optimization Reference Manual.

Using HDL Constructs

For information and guidelines about HDL constructs, see

¢ General HDL Constructs

e Using Verilog Macro Definitions

e Using VHDL Port Definitions
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General HDL Constructs

The following information applies to both Verilog and VHDL:
e Sensitivity Lists

* Value Assignments

e f Statements

* case Statements

e Constant Definitions

Sensitivity Lists

You should completely specify the sensitivity list for each Verilog always block or VHDL
process. Incomplete sensitivity lists (shown in the following examples) can result in
simulation mismatches between the HDL and the gate-level design.

Example 3-1 Incomplete Sensitivity List (Verilog)

always @ (A)
C <= A | B;

Example 3-2 Incomplete Sensitivity List (VHDL)

process (A)
C <= A or B;

Value Assignments

Both Verilog and VHDL support the use of immediate and delayed value assignments in the
RTL code. The hardware generated by immediate value assignments—implemented by
Verilog blocking assignments (=) and VHDL variables (:=)—is dependent on the ordering of
the assignments. The hardware generated by delayed value assignments—implemented by
Verilog nonblocking assignments (<=) and VHDL signals (<=)—is independent of the
ordering of the assignments.

For correct simulation results,

e Use delayed (nonblocking) assignments within sequential Verilog always blocks or VHDL
processes

* Use immediate (blocking) assignments within combinational Verilog always blocks or
VHDL processes

if Statements

When an if statement used in a Verilog always block or VHDL process as part of a
continuous assignment does not include an else clause, Design Compiler creates a latch.
The following examples show if statements that generate latches during synthesis.
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Incorrect if Statement (Verilog)

))

Incorrect if Statement (VHDL)

Example 3-3
if ((a == 1) && (b ==
z = 1;
Example 3-4
if (a = '1" and b = '1’) then
z <= '1";
end if;

case Statements

Version 1-2013.12

If your if statement contains more than three conditions, consider using the case statement
to improve the parallelism of your design and the clarity of your code. The following

examples use the case statement to implement a 3-bit decoder.

Example 3-5 Using the case Statement (Verilog)

case ({a, b, c})
3'b000: z = 8'b00000001;
3'b001: z = 8'b00000010;
3'b010: z = 8'b00000100;
3'b011: z = 8'b00001000;
3'b100: z = 8'b00010000;
3'b101: z = 8/b00100000;
3'b110: z = 8'b01000000;
3'bl1ll: z = 8'10000000;
default: z = 8'b00000000;

endcase

Example 3-6 Using the case Statement (VHDL)

case_value := a & b & c;
CASE case_value IS

WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z
WHEN
Z

IIOOOII =>

<= "00000001";

llOOlll =>

<= "00000010";

"010" =>

<= "00000100";

llOllll =>

<= "00001000";

lllOOll =>

<= "00010000";

"101" =>
<= "00100000";
"110" =>
<= "01000000";
"111t =>
<= "10000000";
OTHERS =>
<= "00000000";

END CASE;
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An incomplete case statement results in the creation of a latch. VHDL does not support
incomplete case statements. In Verilog you can avoid latch inference by using either the
default clause or the full_case compiler directive.

Although both the full_case directive and the default clause prevent latch inference, they
have different meanings. The full_case directive asserts that all valid input values have been
specified and no default clause is necessary. The default clause specifies the output for any
undefined input values.

For best results, use the default clause instead of the full_case directive. If the unspecified
input values are don’t care conditions, using the default clause with an output value of x can
generate a smaller implementation.

If you use the full_case directive, the gate-level simulation might not match the RTL
simulation whenever the case expression evaluates to an unspecified input value. If you use
the default clause, simulation mismatches can occur only if you specified don’t care
conditions and the case expression evaluates to an unspecified input value.

Constant Definitions

Use the Verilog *define statement or the VHDL constant statement to define global
constants. Keep global constant definitions in a separate file. Use parameters (Verilog) or
generics (VHDL) to define local constants.

Example 3-7 shows a Verilog code fragment that includes a global ~define statement and
a local parameter. Example 3-8 shows a VHDL code fragment that includes a global
constant and a local generic.

Example 3-7 Using Macros and Parameters (Verilog)

// Define global constant in def_macro.v
‘define WIDTH 128

// Use global constant in regl28.v
reg regfile[WIDTH-1:0];

// Define and use local constant in module my module
module my_module (a, b, c¢);

parameter WIDTH=128;

input [WIDTH-1:0] a, b;

output [WIDTH-1:0] c;
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Example 3-8 Using Global Constants and Generics (VHDL)

-- Define global constant in synthesis_def.vhd
constant WIDTH : INTEGER := 128;

-—- Include global constants
library my_lib;
USE my_lib.synthesis_def.all;

-- Use global constant in entity my_design
entity my design is
port (a,b : in std_logic_vector (WIDTH-1 downto 0);
c: out std_logic_vector (WIDTH-1 downto 0));
end my_design;

-- Define and use local constant in entity my_design
entity my design is
generic (WIDTH_VAR : INTEGER := 128);
port (a,b : in std_logic_vector (WIDTH-1 downto 0);
c: out std_logic_vector (WIDTH-1 downto 0));
end my_design;

Using Verilog Macro Definitions

In Verilog, macros are implemented using the *define statement. Follow these guidelines
for * define statements:

e Use “define statements only to declare constants.
e Keep "define statements in a separate file.

¢ Do not use nested " define statements.

Reading a macro that is nested more than twice is difficult. To make your code readable,
do not use nested " define statements.

¢ Do not use “define inside module definitions.

When you use a "~ define statement inside a module definition, the local macro and the
global macro have the same reference name but different values. Use parameters to
define local constants.
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Using VHDL Port Definitions

When defining ports in VHDL source code, observe these guidelines:

Use the STD_LOGIC and STD_LOGIC_VECTOR packages.

By using STD_LOGIC, you avoid the need for type conversion functions on the
synthesized design.

Do not use the buffer port mode.

When you declare a port as a buffer, the port must be used as a buffer throughout the
hierarchy. To simplify synthesis, declare the port as an output, then define an internal
signal that drives the output port.

Writing Effective Code

For guidelines for writing efficient, readable HDL source code for synthesis, see

Guidelines for Identifiers
Guidelines for Expressions
Guidelines for Functions

Guidelines for Modules

Guidelines for Identifiers

A good identifier name conveys the meaning of the signal, the value of a variable, or the
function of a module; without this information, the hardware descriptions are difficult to read.

Observe the following naming guidelines to improve the readability of your HDL source
code:

Ensure that the signal name conveys the meaning of the signal or the value of a variable
without being verbose.

For example, assume that you have a variable that represents the floating point opcode
for rs1. A short name, such as frs1, does not convey the meaning to the reader. A long

name, such as floating_pt_opcode_rs1, conveys the meaning, but its length might make
the source code difficult to read. Use a name such as fpop_rs1, which meets both goals.

Use a consistent naming style for capitalization and to distinguish separate words in the
name.

Commonly used styles include C, Pascal, and Modula.

o C style uses lowercase names and separates words with an underscore, for example,
packet_addr, data_in, and first_grant_enable.
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o Pascal style capitalizes the first letter of the name and first letter of each word, for
example, PacketAddr, Dataln, and FirstGrantEnable.

o Modula style uses a lowercase letter for the first letter of the name and capitalizes the
first letter of subsequent words, for example, packetAddr, dataln, and
firstGrantEnable.

Choose one convention and apply it consistently.
¢ Avoid confusing characters.

Some characters (letters and numbers) look similar and are easily confused, for
example, O and 0 (zero); | and 1 (one).

¢ Avoid reserved words.

e Use the noun or noun followed by verb form for names, for example, AddrDecode,
DataGrant, PCl_interrupt.

* Add a suffix to clarify the meaning of the name.
Table 3-2 shows common suffixes and their meanings.
Table 3-2 Signal Name Suffixes and Their Meanings

Suffix Meaning

_clk Clock signal

_next Signal before being registered

_n Active low signal

4 Signal that connects to a three-state output
_f Register that uses an active falling edge
_Xi Primary chip input

_XO Primary chip output

_xod Primary chip open drain output

_Xz Primary chip three-state output

_xbio Primary chip bidirectional 1/0
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Guidelines for Expressions

Observe the following guidelines for expressions:

Use parentheses to indicate precedence.

Expression operator precedence rules are confusing, so you should use parentheses to
make your expression easy to read. Unless you are using DesignWare resources,
parentheses have little effect on the generated logic. An example of a logic expression
without parentheses that is difficult to read is

bus_select = a ~ b & c~*d|b*~e&”£[1:0];
Replace repetitive expressions with function calls or continuous assignments.

If you use a particular expression more than two or three times, consider replacing the
expression with a function or a continuous assignment that implements the expression.

Guidelines for Functions

Observe these guidelines for functions:

Do not use global references within a function.

In procedural code, a function is evaluated when it is called. In a continuous assignment,
a function is evaluated when any of its declared inputs changes.

Avoid using references to nonlocal names within a function because the function might
not be reevaluated if the nonlocal value changes. This can cause a simulation mismatch
between the HDL description and the gate-level netlist.

For example, the following Verilog function references the nonlocal name byte_sel:

function byte_compare;
input [15:0] vectorl, wvector2;
input [7:0] length;

begin
if (byte_sel)
// compare the upper byte
else
// compare the lower byte

end
endfunction // byte_compare

Be aware that the local storage for tasks and functions is static.

Formal parameters, outputs, and local variables retain their values after a function has
returned. The local storage is reused each time the function is called. This storage can
be useful for debugging, but storage reuse also means that functions and tasks cannot
be called recursively.
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* Be careful when using component implication.

You can map a function to a specific implementation by using the map_to_module and
return_port_name compiler directives. Simulation uses the contents of the function.
Synthesis uses the gate-level module in place of the function. When you are using
component implication, the RTL model and the gate-level model might be different.
Therefore, the design cannot be fully verified until simulation is run on the gate-level
design.

The following functionality might require component instantiation or functional
implication:

o Clock-gating circuitry for power savings

o Asynchronous logic with potential hazards

This functionality includes asynchronous logic and asynchronous signals that are
valid during certain states.

o Data-path circuitry

This functionality includes large multiplexers; instantiated wide banks of multiplexers;
memory elements, such as RAM or ROM; and black box macro cells.

For more information about component implication, see the HDL Compiler
documentation.

Guidelines for Modules
Observe these guidelines for modules:

* Avoid using logic expressions when you pass a value through ports.

The port list can include expressions, but expressions complicate debugging. In addition,
isolating a problem related to the bit field is difficult, particularly if that bit field leads to
internal port quantities that differ from external port quantities.

* Define local references as generics (VHDL) or parameters (Verilog). Do not pass
generics or parameters into modules.

Instantiating RTL PG Pins

Design Compiler can accept RTL designs containing a small number of power/ground pin
connections on macros. The tool does not support a full PG netlist for a block. For example,
the tool only supports designs that contain a small number of analog macros that have PG
pins.

To instantiate PG pins in your RTL design, set the dc_allow_rtl_pg variable to true. The
default is false. To preserve the PG connections in a Verilog output, execute the
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write_file -pg -format verilog command. To preserve the PG connections in a .ddc
format output, execute the write_file -format ddc command. Note that when saving the
design in .ddc format, you do not need to use the -pg option. When reading the .ddc file back
into Design Compiler, make sure that the dc_allow_rtl_pg variable is set to true;
otherwise, the tool issues a DDC-21 error:

Error: The feature used to generate this DDC file is not supported by
this tool or is not enabled in the current session. (DDC-21)

Information: This .ddc file contains RTL PG data. Set the dc_allow_rtl_pg
variable to true before reading the file back into Design Compiler.

To preserve the PG connections in a Milkyway database, use the write_milkyway
command. To pass the design netlist to IC Compiler, PrimeTime, or Formality, you can use
a Verilog output, .ddc file, or Milkyway database.

To use PG pins in your RTL design, observe the following guidelines:
e PG libraries are required
¢ FRAM must always have correct PG information

e The tool will not display the PG nets and pins; the get_pins command will not show PG
pins

e The RTL design must represent all PG pins as wires, not as supply0, supply1, and so on
e The RTL design must instance PG pins by name, such as ref U1 (.pin(net), ...);
* PG nets can only connect to the following:

o Macro cells

o PG pins on leaf power management cells (power switches, level shifters, and isolation
cells)

o Hierarchical ports
e PG nets should reach the top level, but do not have to connect to top-level ports
* The tool will mark cells with PG pins with the dont_touch attribute

* If you use UPF with your design, you must convert the PG connections from RTL to UPF
by using the convert_pg command before you compile the design

Example 3-9 shows Verilog RTL code that instantiates two PG pins: my_vdd and my_vss.

Example 3-9 Coding PG Pins in the RTL Design

module my_design(a, b, ¢, my_vdd, my_vss);
input a, b, my_vdd, my_vss;
output c;
my_macro Ul(.a(a), .b(b), .c(c), .VDD(my_vdd), .VSS(my_vss)):;
endmodule
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Creating Constraints

Constraints are declarations that define the design’s goals in measurable circuit
characteristics, such as timing, area, and capacitance. The logic library defines implicit
design rule constraints. These constraints are required for a design to function correctly. You
can also define explicit optimization constraints. In topographical mode, physical constraints
improve timing correlation with post-place-and-route tools, such as IC Compiler, by
considering floorplanning information during optimization. Design Compiler needs these
constraints to effectively optimize the design.

You can specify constraints interactively on the command line or specify them in a script file.
If you specify constraints in a script file, use the .con extension.

To learn about the concepts and tasks necessary for defining design constraints, see
Defining Design Constraints and Using Floorplan Physical Constraints.

See Also

e Using Script Files
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Setting Up the Libraries

Design Compiler uses logic, symbol, and DesignWare libraries to implement design function
and display synthesis results graphically. The logic libraries that Design Compiler maps to
during optimization are called target libraries. Target libraries contain the cells used to
generate the netlist and definitions for the design’s operating conditions. The target libraries
are the subset of the link libraries that are used to compile or translate a design. Link
libraries define the delay models that are used to calculate timing values and path delays.

In DC Ultra, you can characterize your target logic library and create a pseudolibrary called
ALIB, which maps Boolean functional circuits to actual gates from the target library. ALIB
files provide Design Compiler with greater flexibility and a larger solution space to explore
tradeoffs between area and delay during optimization.

In topographical mode, Design Compiler uses logic, symbol, and DesignWare libraries, plus
physical libraries to obtain physical design information. In addition, you can use TLUPIlus
files for RC estimation and black box cells during synthesis.

To learn about libraries and how to set up libraries in wire load mode and topographical
mode, see

* Selecting a Semiconductor Vendor

* Library Requirements

* Specifying Logic Libraries

* Specifying Physical Libraries

* Using TLUPIus Files for RC Estimation
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* Working With Libraries
* Handling Black Boxes

e Library-Aware Mapping and Synthesis
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Selecting a Semiconductor Vendor

One of the first things you must do when designing a chip is to select the semiconductor
vendor and technology you want to use. Consider the following issues during the selection
process:

e Maximum frequency of operation

* Physical restrictions

* Power restrictions

* Packaging restrictions

* Clock tree implementation

* Floorplanning

* Back-annotation support

* Design support for libraries, megacells, and RAMs
* Available IP cores

* Available test methods and scan styles

Library Requirements

In wire load mode, Design Compiler uses logic, symbol, and DesignWare libraries. To learn
about these libaries, see

* Logic Libraries
* Symbol Libraries
* DesignWare Libraries

In topographical mode, Design Compiler uses logic, symbol, and DesignWare libraries, plus
physical libraries. Though not required, you can also use TLUPIus files for RC estimation
and black boxes. To learn about physical libraries, see

* Physical Libraries

See Also
e Using TLUPIus Files for RC Estimation

* Handling Black Boxes
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Logic Libraries

Logic libraries, which are maintained and distributed by semiconductor vendors, contain
information about the characteristics and functions of each cell, such as cell names, pin
names, area, delay arcs, and pin loading. They also define the conditions that must be met,
for example, the maximum transition time for nets. These conditions are called design rule
constraints. In addition, a logic library specifies the operating conditions and wire load
models for a specific technology.

Design Compiler supports logic libraries that use nonlinear delay models (NLDMs),
Composite Current Source (CCS) models (either compact or noncompact), or both NLDM
and CCS models. Design Compiler automatically selects the type of timing model to use
based on the contents of the logic library. If a library contains both NLDM and CCS models,
Design Compiler uses the CCS models. During logic synthesis and preroute optimization,
the tool might not use all the available CCS data to save runtime.

Design Compiler requires the logic libraries to be in .db format. In most cases, your
semiconductor vendor provides you with .db-formatted libraries. If you are provided with only
library source code, see the Library Compiler documentation for information about
generating logic libraries in .db format. To set up logic libraries, see Specifying Logic
Libraries.

Design Compiler uses logic libraries for the following purposes:

* Implementing the design function

The logic libraries that Design Compiler maps to during optimization are called target
libraries. Target libraries contain the cells used to generate the netlist and definitions for
the design’s operating conditions. The target libraries are the subset of the link libraries
that are used to compile or translate a design. Design Compiler saves this information in
the design’s 1ocal_link_library attribute.

¢ Resolving cell references

The logic libraries that Design Compiler uses to resolve cell references are called link
libraries. Link libraries contain the descriptions of library cells and subdesigns in a
mapped netlist and can also contain design files. Link libraries include local link libraries
defined in the 10ocal_link_library attribute and system link libraries specified by the
link_library variable.

* Calculating timing values and path delays

Link libraries define the delay models that are used to calculate timing values and path
delays. For information about the various delay models, see the Library Compiler
documentation.
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e (Calculating power consumption

For information about calculating power consumption, see the Power Compiler User
Guide.

Design Compiler uses the first logic library found in the 1ink_1ibrary variable as the main
library. It uses the main library to obtain default values and settings used in the absence of
explicit specifications for operating conditions, wire load selection group, wire load mode,
and net delay calculation. If other libraries have measurement units different from the main
library units, Design Compiler converts all units to those specified in the main library. Design
Compiler obtains the following default values and settings from the main library:

e Unit definitions

e Operating conditions

e K-factors

* Wire load model selection

* |nput and output voltage

* Timing ranges

¢ RC slew trip points

¢ Net transition time degradation tables

The logic library setup contains target libraries and link libraries:
e Target Libraries

e Link Libraries

Target Libraries

Design Compiler selects functionally correct gates from the target libraries to build a circuit
during mapping. It also calculates the timing of the circuit by using the vendor-supplied
timing data for these gates.

To specify the target libraries, use the target_1library variable. Your should specify only
the standard cell libraries that you want Design Compiler to use for mapping the standard
cells in your design, such as combinational logic and registers. You should not specify any
DesignWare libraries or macro libraries, such as pads or memories.

For information about specifying target libraries, see Specifying Logic Libraries.
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Link Libraries

For a design to be complete, all cell instances in the design must be linked to the library
components and designs that are referenced. This process is called linking the design or
resolving references. To resolve references, Design Compiler uses the link libraries set by
the following variables and attribute:

* The link_library application variable lists the libraries and design files that Design
Compiler uses to resolve references.

Design Compiler searches the files listed in the 1ink_1ibrary variable from left to right,
and it stops searching when it finds a reference. Specifying an asterisk in the
link_library variable means that Design Compiler searches loaded libraries in
memory for the reference. For example, if you set the 1ink_1library variable to

{"*" Isi_10k.db}, Design Compiler searches for the reference in memory first and then in
the Isi_10Kk library.

e The local_link_library attribute lists the design files and libraries added to the
beginning of the 1ink_1ibrary variable during the link process. Design Compiler
searches files in the 1ocal_1link_1library attribute first when it resolves references.
You can set this attribute by using the set_local_link_library command.

e The search_path variable specifies a list of directory paths that the tool uses to find logic
libraries and other files when you specify a plain file name without a path. It also sets the
paths where Design Compiler can continue the search for unresolved references after it
searches the link libraries.

If Design Compiler does not find the reference in the link libraries, it searches in the
directories specified by the search_path variable, as described in Specifying a Library

Search Path.

Symbol Libraries

Symbol libraries contain definitions of the graphic symbols that represent library cells in
design schematics. Semiconductor vendors maintain and distribute the symbol libraries.

Design Compiler uses symbol libraries to generate schematic views. You must use Design
Vision to view the schematic.

When you generate a schematic, Design Compiler performs a one-to-one mapping of cells
in the netlist to cells in the symbol library.
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DesignWare Libraries

A DesignWare library is a collection of reusable circuit-design building blocks (components)
that are tightly integrated into the Synopsys synthesis environment. During synthesis,
Design Compiler selects the component with the best speed and area optimization from the
DesignWare library.

DesignWare components that implement many of the built-in HDL operators are provided by
Synopsys. These operators include +, -, *, <, >, <=, >=, and the operations defined by if and
case statements.

You can develop additional DesignWare libraries at your site by using DesignWare
Developer, or you can license DesignWare libraries from Synopsys or from third parties. To
use licensed DesignWare components, you need a license key for the components.

See Also

* The DesignWare Library documentation

Physical Libraries

If you want to use Design Compiler in topographical mode, you need to specify physical
libraries in addition to logic libraries. You use the Milkyway design library to specify physical
libraries and save designs in Milkyway format.

The inputs required to create a Milkyway design library are the Milkyway reference library
and the Milkyway technology file:

* Milkyway reference library

The Milkyway reference library contains the physical representation of standard cells and
macros. In topographical mode, the Milkyway reference library uses the FRAM abstract
view to store information. The reference library also defines the placement unit tile (the
width and height of the smallest placeable instance and the routing directions).

* Milkyway technology file

The Milkyway technology file (.tf), contains technology-specific information required to
route a design. Design Compiler automatically derives routing layer directions if your
Milkyway library file is missing this information. Derived routing layer directions are saved
in the .ddc file. You can override the derived routing layer direction by using the
set_preferred_routing_direction command. To report all routing directions, use
the report_preferred_routing direction command.

Because multivoltage designs use power domains, these designs usually require certain
library cells to be marked as always-on cells and certain library cell pins to be marked as
always-on library cell pins. These always-on attributes are necessary to establish any
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always-on relationships between power domains. For more information, see the Power
Compiler User Guide.

Note:
Occasionally, IC Compiler adds support for new technology file attributes in the physical
libraries that are not yet supported in Design Compiler. In these cases, a TFCHK-009
error message is issued in Design Compiler but not in IC Compiler when using the same
technology file. If the new attributes are safe to ignore, you can setthe ignore_tf_error
variable to true, which enables the tool to ignore the unsupported attributes. For details,
see Fixing Errors Caused by New Unsupported Technology File Attributes.

See Also
e Specifying Physical Libraries
e Using a Milkyway Database

Specifying Logic Libraries

Table 4-1 lists the variables that control library reading for each library type and the typical
file name. You use these variables to specify logic libraries and DesignWare libraries.

Table 4-1 Library Variables

Library type Variable Default File extension
Target library target_library {your_library.db} .db

Link library link_library {* your_library.db} .db

Symbol library symbol_library {your_library.sdb} .sdb
DesignWare library synthetic_library n .sldb

To set up access to the logic libraries, you must specify the target libraries and link libraries.

You can also use the Application Setup dialog box in the Design Vision GUI to view, set, or
change the library and search path variables for the current session. For more information,
see the Design Vision User Guide and the “Setting Library Locations” topic in the Design
Vision Help.

In the following example, the target library is the first link library. To simplify the link library
definition, the example includes the additional_link_1ib_files user-defined variable for
libraries such as pads and macros.

prompt> set_app_var target_library [list_of standard cell libraries]
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prompt> set_app_var synthetic_library [list of sldb files for DesignWarel]

prompt> set additional_link lib files [additional_ libraries]

prompt> set_app_var link library [list * $target_library \
$additional_link 1lib files $synthetic_library]

If you are performing technology translation, add the standard cell library for the existing
mapped gates to the link libraries and the standard cell library being translated to the target
library.

Specifying DesignWare Libraries

You do not need to specify the standard synthetic library, standard.sldb, which implements
the built-in HDL operators. The Design Compiler tool automatically uses this library. If you
are using additional DesignWare libraries, you must specify these libraries by using the
synthetic_library variable for optimization and the 1ink_1ibrary variable for cell
references.

See Also
* Library Requirements

* The DesignWare Library documentation

Specifying a Library Search Path

You can specify the library location by using either the complete path or only the file name.
If you specify only the file name, Design Compiler uses the search path defined in the
search_path variable to locate the library files. By default, the search path includes the
current working directory and $SYNOPSY S/libraries/syn, where $SYNOPSYS is the path to
the installation directory. Design Compiler looks for the library files, starting with the leftmost
directory specified in the search_path variable, and uses the first matching library file it
finds.

For example, assume that you have logic libraries named my_lib.db in both the lib directory
and the vhdl directory. Design Compiler uses the my_lib.db file found in the lib directory
because it finds the lib directory first:

prompt> set_app_var search path "lib vhdl default"

To see the order of the library files as they are found by Design Compiler, use the which
command:

prompt> which my 1lib.db
/usr/lib/my_lib.db, /usr/vhdl/my_ lib.db
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You can also use the Application Setup dialog box in the Design Vision GUI to view, set, or
change the library search path for the current session. For more information about using the
GUI, see the Design Vision User Guide and the Design Vision Help.

Setting Minimum Timing Libraries

If you are performing simultaneous minimum and maximum timing analysis, the logic
libraries specified by the 1ink_1ibrary variable are used for both maximum and minimum
timing information. To specify a separate minimum timing library, use the set_min_1library
command. The set_min_library command associates minimum timing libraries with the
maximum timing libraries specified in the 1ink_1ibrary variable. For example,

prompt> set_app_var link library {* maxlib.db}
prompt> set_min_library maxlib.db -min_ version minlib.db

To find out which libraries have been set to be the minimum and maximum libraries, use the
list_libs command. In the generated report, the lowercase letter m appears next to the
minimum library and the uppercase letter M appears next to the maximum library.

See Also

* Library Requirements

Specifying Physical Libraries

The inputs required to create a Milkyway design library are the Milkyway reference library
and the Milkyway technology file.

To create a Milkyway design library,
1. Create the Milkyway design library by using the create_mw_1ib command.

For example,

dc_shell-topo> create_mw_lib -technology $mw tech file \
-mw_reference_library smw reference library $mw _design library name

2. Open the Milkyway library that you created by using the open_mw_1ib command.
For example,

dc_shell-topo> open_mw lib $mw design library name

3. (Optional) Attach the TLUPIus files (which provide more accurate capacitance and
resistance data) by using the set_t1u_plus_files command.
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For example,

dc_shell-topo> set_tlu plus_files -max tluplus S$max tlu file \
-min tluplus $min tlu file -tech2itf map Sprs map file

4. In subsequent sessions, use the open_mw_1ib command to open the Milkyway library. If
you are using the TLUPIus files for RC estimation, use the set_tlu_plus_files
command to attach these files.

For example,

dc_shell-topo> open_mw_lib Smw design library name
dc_shell-topo> set_tlu plus_files -max tluplus Smax tlu file \
-min tluplus $min tlu file -tech2itf map Sprs map file

The following Milkyway library commands are also supported: copy_mw_1ib,
close_mw_lib, report_mw_lib, current_mw_1lib, and check_tlu plus_files.
See Also

* Library Requirements

e Using a Milkyway Database

e Using TLUPIus Files for RC Estimation

Using TLUPIus Files for RC Estimation

If TLUPIus files are available or are used in your back-end flow, it is recommended that you
use them for RC estimation in Design Compiler topographical mode. TLUPIus files contain
resistance and capacitance look-up tables and model ultra deep submicron (UDSM)
process effects.

TLUPIlus files provide more accurate capacitance and resistance data, thereby improving
correlation with back-end results. Using TLUPIus files is available only in topographical
mode.

To specify the TLUPIus files used for virtual route and postroute extraction, use the
set_tlu_plus_files command. At a minimum, you must specify the maximum TLUPIlus
file and the mapping file. In addition, use the -tech2itf_map option to specify a map file,
which maps layer names between the Milkyway technology file and the process Interconnect
Technology Format (ITF) file. For example,

dc_shell-topo> set_tlu plus_files -max_tluplus S$max_tlu file \
-min_tluplus $min tlu file -tech2itf map Sprs map file

To check TLUPIus settings, use the check_tlu_plus_files command.
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For more information about the map file, see the Milkyway documentation. To ensure that
you are using the TLUPIus files, check the compile_ultra log for the following message:

R IR R e e S I S I S S S S I R S I S I S S S 2 S I S I

Information: TLU Plus based RC computation is enabled.
(RCEX-141)

LR R R SRR SRR R EEEREEEEEEEEEEEEEREEEEEEEEEEEEE R R R R R

To perform RC extraction for the virtual routing of design nets, use the extract_rc
command. The command calculates delays based on the Elmore delay model and can
update back-annotated delay and capacitance numbers on nets. This command is available
only in Design Compiler in topographical mode. Use the command after the netlist has been
edited.

If you used the set_t1u_plus_files command to specify the TLUPIus technology files, the
tool performs extraction based on TLUPIlus technology. Otherwise, the tool performs
extraction using the extraction parameters in your physical library. Use the
set_extraction_options command to specify the parameters that influence extraction
and the report_extraction_options command to report the parameters that influence
the post-route extraction.

Working With Libraries

You can perform the following tasks by using simple library commands:
* Loading Libraries

¢ Listing Libraries

* Reporting Library Contents

* Specifying Library Objects

e Excluding Cells From the Target Libraries

* \Verifying Library Consistency

* Removing Libraries From Memory

e Saving Libraries
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Loading Libraries

Design Compiler uses binary libraries, .db format for logic libraries and .sdb format for
symbol libraries, and automatically loads these libraries when needed. To manually load a
binary library, use the read_file command:

prompt> read file my l1lib.db
prompt> read file my 1lib.sdb

If your library is not in the appropriate binary format, use the read_1ib command to compile
the library source. The read_1ib command requires a Library-Compiler license.

Listing Libraries

Design Compiler refers to a library loaded in memory by its name. The library statement in
the library source defines the library name. To list the names of the libraries loaded in
memory, use the 1ist_1ibs command:

prompt> list_libs
Logical Libraries:

Library File Path
my_lib my_lib.db /synopsys/libraries
my_symbol_1lib my_lib.sdb /synopsys/libraries

Reporting Library Contents

To report the contents of a library, use the report_1ib command. The command reports the
following information:

e Library units
* Operating conditions
¢ Wire load models

e Cells (including cell exclusions, preferences, and other attributes)
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Specifying Library Objects

Library objects are the vendor-specific cells and their pins. To specify library objects, use the
following naming convention:

[file:]library/celll/pin]

where fileis the file name of a logic library, 1ibrary is the name of a library loaded in
memory, cell is a library cell, and pinis a cell’s pin. If you have multiple libraries loaded in
memory with the same name, you must specify the file name.

For example, to set the dont_use attribute on the ANDA4 cell in the my_lib library, enter

prompt> set_dont_use my lib/AND4

To set the disable_timing attribute on the Z pin of the AND4 cell in the my_lib library, enter

prompt> set_disable_ timing [get_pins my lib/AND4/Z]

Excluding Cells From the Target Libraries

When Design Compiler maps a design to a logic library, it selects library cells from this
library. To specify cells in the target library to be excluded during optimization, use the
set_dont_use command. For example, to prevent Design Compiler from using the INV_HD
high-drive inverter, enter

prompt> set_dont_use MY LIB/INV_HD
This command affects only the copy of the library that is currently loaded in memory and has

no effect on the version that exists on disk. However, if you save the library, the exclusions
are saved, and the cells are permanently excluded.

To remove the dont_use attribute set by the set_dont_use command, use the
remove_attribute command. For example,

prompt> remove_attribute MY LIB/INV_HD dont_use
MY_LIB/INV_HD

You can also restrict optimization of a design block by a subset of the target library by using
the set_target_library_ subset command. You can restrict the library cells to be used in
a particular block or filter the target library cells on a block-by-block basis.

See Also

e Target Library Subsets
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Verifying Library Consistency

Consistency between the logic library and the physical library is critical to achieving good
results. Before you process your design, make sure that your libraries are consistent by
running the check_library command. If the check_1ibrary command reports any
inconsistencies, you must fix these inconsistencies before you process your design.

prompt> check_ library

The check_library command performs the following checks:

* Checks the integrity of individual logical and physical libraries

e Checks consistency between logic libraries

* Checks consistency between logic libraries and physical libraries

e Checks consistency between physical libraries and technology files

By default, the check_1ibrary command performs consistency checks between the logic
libraries specified in the 1ink_1ibrary variable and the physical libraries in the current
Milkyway design library. You can also explicitly specify logic libraries by using the
-logic_library_name option or Milkyway reference libraries by using the
-mw_library_name option. If you explicitly specify libraries, these override the default
libraries.

You can use the set_check_library_options command to set options for the
check_library command to perform various logic library and physical library checks, such
as the bus naming style, area of each cell, and so forth.

To see the enabled library consistency checks, run the report_check_library_options
-logic_vs_physical command.

See Also
* For more information about logic libraries, see the Library Compiler documentation.

* For more information about physical libraries, see the Milkyway documentation.

Removing Libraries From Memory

To remove libraries from dc_shell memory, use the remove_design command. If you have
multiple libraries with the same name loaded into memory, you must specify both the path
and the library name. To see the path for each library in memory, use the 1ist_1ibs
command.
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Saving Libraries

The write_1ib command saves (writes to disk) a compiled library in the Synopsys
database or VHDL format. To write out the shell commands to save the current link library
settings for design instances, use the write_1link_library command.

To optimize tool performance, the write_1ib command is disabled upon startup of the tool.
To enable usage of the write_1ib command, you must execute the

enable write_lib_mode command at the beginning of the tool session. Use this command
before any library files have been read in, either explicitly or implicitly. You should use this
tool session only for library file generation, not optimization.

You can determine whether the write_1ib command is enabled by using the
report_write_lib mode command.

Handling Black Boxes

Design Compiler in topographical mode supports synthesis with black boxes. Black boxes
can be cells where the logic functionality is not known, cells that do not link to a cell in the
logic library, or cells that do not have physical representation.

For information about working with black boxes, see
e Supported Black Boxes

* Black Box Flow

* Defining Timing in Quick Timing Model Format

* Identifying Black Box Cells

Supported Black Boxes
The following types of black boxes are supported:

* Functionally unknown black boxes

These are cells where the logic functionality is not known. Examples include the following
types of cells:

o Macro cells
o Empty hierarchy cells or black-boxed modules

o Unlinked or unresolved cells
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* Logical black boxes

These are cells that do not link to a cell in the logic library. This type of black box is
categorized under functionally unknown black box cells. Examples include the following
types of cells:

o Empty hierarchy cells or black-boxed modules

o Unlinked or unresolved cells

You can define the timing for logical black box cells by using Design Compiler in wire load
mode or topographical mode, as described in Defining Timing in Quick Timing Model
Format.

* Physical black boxes

These are cells that do not have physical representation. Examples include the following
types of cells:

o Empty hierarchy cells or black-boxed modules

o Unlinked or unresolved cells

Topographical technology allows you to define the physical dimensions for physical black
box cells, as described in Defining Physical Dimensions.

If the physical representation of a cell is not available with the user-supplied physical
libraries, Design Compiler in topographical mode defines it automatically. For more
information, see Automatic Creation of Physical Library Cells.
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Black Box Flow

Figure 4-1 shows the flow for defining the timing and physical dimensions for black box cells
and synthesizing the design.

Figure 4-1 Supported Black Box Flow

Load design with black boxes

Y

Create and load quick timing models
for black box cells

Y

Provide physical dimensions for black box cells

Y

Run compi le_ultra to perform synthesis

You can visually examine black boxes in your floorplan by viewing them in the Design Vision
layout window. You can control the visibility, selection, and display style properties of
black-box cells in the active layout view by setting options on the View Settings panel. Black
boxes are visible and enabled for selection by default. For more information about controlling
the visibility of black boxes in the active layout view, see Design Vision Help.

Defining Timing in Quick Timing Model Format

Design Compiler allows you to define timing for logical black box cells. You can create logic
library cells and provide a timing model for the new cells in the quick timing model format. A
quick timing model is an approximate timing model that is useful early in the design cycle to
describe the rough initial timing of a black box. You create a quick timing model for a black
box by specifying the model ports, the setup and hold constraints on the inputs, the
clock-to-output path delays, and the input-to-output path delays. You can also specify the
loads on input ports and the drive strength of output ports. Design Compiler saves the timing
models in .db format, which can then be used during synthesis.
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To create a quick timing model for a simple black box in Design Compiler in wire load mode
or in topographical mode, perform the following steps:

1.

Create a new model using the create_gtm_model command:

dc_shell-topo> create_gtm model BB
BB is the model name.

Specify the technology information, such as the name of the logic library, the maximum
transition time, the maximum capacitance, and the wire load information.

dc_shell-topo> set_qgtm technology -library library name
dc_shell-topo> set_qgtm technology -max transition trans value
dc_shell-topo> set_qgtm technology -max_capacitance cap_value

Specify global parameters, such as setup and hold characteristics.

dc_shell-topo> set_gtm global parameter -param setup -value
setup_value
dc_shell-topo> set_gtm global_ parameter -param hold -value hold value
dc_shell-topo> set_gtm global_ parameter -param clk_to_output \

-value cto value

Specify the ports using the create_gtm_port command:

dc_shell-topo> create_gtm port -type input A
dc_shell-topo> create_gtm port -type input B
dc_shell-topo> create_gtm port -type output OP

Specify delay arcs using the create_gtm_delay arc command:

dc_shell-topo> create_gtm delay arc -name A_OP_R -from A \
-from_edge rise -to OP -value 0.10 -to_edge rise

dc_shell-topo> create_gtm _delay arc -name A_OP_F -from A \
-from edge fall -to OP -value 0.11 -to_edge fall

dc_shell-topo> create_gtm delay arc -name B_OP_R -from B \
-from_edge rise -to OP -value 0.15 -to_edge rise

dc_shell-topo> create_gtm delay arc -name B_OP_F -from B \
-from _edge fall -to OP -value 0.16 -to_edge fall

(Optional) Generate a report that shows the defined parameters, the ports, and the
timing arcs in the quick timing model.

dc_shell-topo> report_gtm_model

Save the quick timing model using the save_gtm_model command:

dc_shell-topo> save_qgtm model

Write out the .db file for the quick timing model using the write_gtm_model command:

dc_shell-topo> write_gtm model -out_dir QTM
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9. Add the .db file to the 1ink_library variable to load the quick timing model:

dc_shell-topo> lappend link_library "QTM/BB.db"

Defining Physical Dimensions

Design Compiler allows you to set the size for physical black box cells based on an
estimation of the objects that it will contain when replaced with real logic. You can also define
the base unit area for gate equivalence calculations for estimating the size of black boxes.
The following topics discuss these strategies for defining the physical dimensions of black
box cells:

e Estimating the Size of Black Boxes

* Determining the Gate Equivalent Area

Estimating the Size of Black Boxes

To set the size and shape for physical black box cells based on an estimation of the objects
that it will contain, use the estimate_ fp black boxes command.

To set the width and height, use the -sm_size option:

dc_shell-topo> estimate_f£fp_black_boxes -sm size size

To create a rectilinear black box, use the -polygon option:

dc_shell-topo> estimate_£fp_black_boxes -polygon polygon area

The following example estimates a black box named alu1 and specifies it as a soft macro
with a size of 100x100 and a utilization of 0.7:

dc_shell-topo> estimate_£fp_ black_boxes \
-sm_size {100 100} -sm _util 0.7 \
[get_cells -filter "is_physical_ black box==true" alul]

The following example estimates a black box named alu1 and specifies it as a rectilinear soft
macro:

dc_shell-topo> estimate_£fp_black_boxes \
-polygon {{1723.645 1925.365} {1723.645 1722.415} \
{1803.595 1722.415} {1803.595 1530.535} \
{799.915 1530.535} {799.915 1925.365} \
{1723.645 1925.365}}\
[get_cells -filter "is_physical black box==true" alul]

In the following example, the size of the black box named U1 is estimated from the size of
hard macro ram16x128:

dc_shell-topo> estimate_£fp_black_boxes -hard_macros raml6xl28 Ul
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Determining the Gate Equivalent Area

Design Compiler also allows you to define the base unit area for gate equivalence
calculations for estimating the size of black boxes. Use the set_fp_base_gate command to
specify either a library leaf cell area or a user-specified cell area as the base unit area to be
used for gate equivalence calculations.

To specify a gate from the library as the base unit area to be used for the calculations, use
the -cell option:

dc_shell-topo> set_fp base gate -cell UNIT

In this example, UNIT specifies the reference name of the library leaf cell to be used as the
base unit area for gate equivalence calculations.

To specify the cell area in square microns as the base unit area to be used for the
calculations, use the -area option:

dc_shell-topo> set_fp base_gate -area 10

In this example, the base gate area is set to 10 square microns.

Identifying Black Box Cells
Design Compiler sets the following attributes on black box cells:

® is black_box

When you specify the is_black_box attribute with the get_cel1s command, Design
Compiler identifies functionally unknown black boxes:

dc_shell-topo> get_cells -hier -filter "is_black_box==true"

® is_ logical_black_ box

When you specify the is_logical_black_box attribute with the get_cells command,
Design Compiler identifies the logical black boxes in the design:

dc_shell-topo> get_cells -hier -filter "is_logical_black_ box==true"

® is_physical_black_box

When you specify the is_physical_black_box attribute with the get_cel1s command,
Design Compiler identifies the physical black boxes in the design:

dc_shell-topo> get_cells -hier -filter "is_physical_ black_box==true"
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Automatic Creation of Physical Library Cells

If the physical representation of a cell is not available with the user-supplied physical
libraries, Design Compiler defines it automatically. The tool can create physical library cells
for the following:

e Logic library cells (leaf cells and macros)

* Empty hierarchy cells or black-boxed modules
* Unlinked or unresolved cells

e Unmapped cells

The tool issues the following warning message when it creates physical library cells:

Warning: Created physical library cell for logical library
%$s. (OPT-1413)

Library-Aware Mapping and Synthesis

You can characterize (or analyze) your target logic library and create a pseudolibrary called
ALIB, which maps Boolean functional circuits to actual gates from the target library. Design
Compiler reads the ALIB file during compile. The ALIB file provides Design Compiler with
greater flexibility and a larger solution space to explore more intelligent tradeoffs between
area and delay during optimization. You must use the compile_ultra command to get the
benefits from the ALIB library.

Library characterization occurs during the initial stage of compile. Because it can take time
for Design Compiler to characterize each logic library, it is recommended that you generate
the ALIB file when you install Design Compiler, and store it in a single repository so that
multiple users can share the library.

Generating the ALIB File

To generate the ALIB library corresponding to your target logic library, use the
alib_analyze_1libs command. The tool creates a release-specific subdirectory in the
location specified by the alib_library_analysis_path variable and stores the generated
ALIB files in this directory. For example, the following sequence of commands creates the
x.db.alib file for the target library x.db and stores it in /remote/libraries/alib/alib-51.

prompt> set_app_var target_library "“x.db”

prompt> set_app_var link library "“x.db”

prompt> set_app_var alib_library analysis path “/remote/libraries/alib”
prompt> alib_analyze libs
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Design Compiler creates the alib-51 directory for version control; each release has a
different version.

Using the ALIB Library

To load the previously generated ALIB library, use the al1ib_library_analysis_path
variable to point to the location of the file. For example,

prompt> set_app_var alib_library analysis_path “remote/libraries/alib”

During compile, if no pre-generated ALIB libraries exist, Design Compiler performs library

characterization automatically. It generates the ALIB library in the location specified by the
alib_library_analysis_path variable. If you have not set this variable, the ALIB library is
stored in the current working directory. The tool uses this ALIB library for subsequent runs.

It is recommended that you generate the ALIB library for your target logic library when you
install Design Compiler. Create a directory structure similar to the one you use for storing

libraries as shown in Figure 4-2. If you install a new version of Design Compiler, you must
regenerate the ALIB library.

Figure 4-2 Directory Structure for ALIB Library

/remote/libraries

Target library ALIB
|
|
x.db alib-51 alib-52
y.db
z.db
x.db.alib x.db.alib
y.db.alib y.db.alib
z.db.alib z.db.alib
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5

Working With Designs in Memory

The Design Compiler tool reads designs into memory from design files. Many designs can
be in memory at any time. After a design is read in, you can change it in numerous ways,

such as grouping or ungrouping its subdesigns or changing subdesign references.

To learn how to work with designs in memory, see

Reading Designs

Listing Designs in Memory
Setting the Current Design
Linking Designs

Listing Design Objects
Specifying Design Objects
Creating Designs

Copying Designs
Renaming Designs
Changing the Design Hierarchy
Editing Designs

Translating Designs From One Technology to Another
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* Removing Designs From Memory

* Saving Designs

Chapter 5: Working With Designs in Memory
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Reading Designs

See the following topics for an overview of the design formats supported by Design Compiler
and the commands you can use to read designs:

Supported Design Input Formats
Reading HDL Files

Reading .ddc Files

Reading .db Files

Supported Design Input Formats

Before you read a design, make sure that your design is in one of the following formats listed
in Table 5-1.

Table 5-1 Supported Input Formats

Format Description

.ddc Synopsys internal database format (recommended)

.db Synopsys internal database format

Verilog IEEE standard Verilog (see the HDL Compiler documentation)

VHDL IEEE standard VHDL (see the HDL Compiler documentation)
SystemVerilog IEEE standard SystemVerilog (see the HDL Compiler documentation)
equation Synopsys equation format

pla Berkeley (Espresso) PLA format

Reading HDL Files

You can open HDL design files by using one of the following methods:

Chapter 5:

Reading Designs With Dependencies Automatically

You can read designs with dependencies automatically by using the -autoread option
with the analyze oOr read_file command. The tool automatically analyzes and
elaborates designs and any files dependent on them in the correct order.

Working With Designs in Memory

Reading Designs 5-3
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¢ Running the read_file Command

The read_file command analyzes the design and translates it into a
technology-independent (GTECH) design in a single step.

¢ Running the analyze and elaborate Commands

The analyze command checks the design and reports errors. The elaborate command
translates the design into a technology-independent design (GTECH) from the
intermediate files produced during analysis.

¢ Running the read_verilog or read_vhdl Command

The commands checks the code for correct syntax and build a generic technology
(GTECH) netlist that Design Compiler uses to optimize the design. You can use the
read_verilog Of read_vhdl commands to do both functions automatically.

See Also

e The HDL Compiler documentation

Reading Designs With Dependencies Automatically

You can read designs with dependencies automatically by using the -autoread option with
the read_file Or analyze command:

prompt> read file -autoread verilog my design.v

The tool automatically analyzes and elaborates designs and any files dependent on them in
the correct order.

The read_file -autoread command analyzes and elaborates the top-level design; the
analyze -autoread command analyzes the design but does not perform elaboration.

When you use the -autoread option, the resulting GTECH representation is retained in
memory. Dependencies are determined only from the files or directories in the file_list; if the
file_list changes between consecutive -autoread option runs, the tool uses the latest set of
files to determine the dependencies. You can use the -autoread option with any VHDL,
Verilog, or SystemVerilog language version.

See Also
¢ Running the read_file Command

* Running the analyze and elaborate Commands

Chapter 5: Working With Designs in Memory
Reading Designs 5-4



Design Compiler® User Guide Version 1-2013.12

Running the read_file Command

The read_file command analyzes the design and translates it into a
technology-independent (GTECH) design in a single step:

prompt> read file -format verilog my design.v
The following HDL formats are supported:

* Verilog format-the .v, .verilog, .v.gz, and .verilog.gz extensions

The command does not create intermediate files for Verilog. To create intermediate files,
setthe hdlin auto_save templates variable to true.

* SystemVerilog—the .sv, .sverilog, .sv.gz, and .sverilog.gz extensions

e VHDL-the .vhd, .vhdl, vhd.gz, and .vhdl.gz extensions
The command creates .mr and .st intermediate files for VHDL.

If you do not specify the design format, the read_file command infers the format based on
the file extension. If no known extension is used, the tool uses .ddc format. Supported
extensions for automatic inference are not case-sensitive.

The read_file command can read compressed files for all formats except the .ddc format,
which is compressed internally as it is written. To enable the tool to automatically infer the
file format for compressed files, use the following naming structure: filename. format.gz.

For designs in memory, Design Compiler uses the path_name/design.ddc naming
convention. The path_name argument is the directory from which the original file was read,
and the design argument is the name of the design. If you later read in a design that has the
same file name, Design Compiler overwrites the original design. To prevent this, use the
-single_file option with the read_file command.

The read_file command does not execute the 1ink command automatically. For more
information, see Linking Designs.

See Also

¢ Differences Between the read_file Command and the analyze and elaborate Commands

Running the analyze and elaborate Commands
The analyze command performs the following tasks:
¢ Reads an HDL source file

* Checks for errors without building generic logic for the design

Chapter 5: Working With Designs in Memory
Reading Designs 5-5
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e Creates HDL library objects in an HDL-independent intermediate format

» Stores the intermediate files in a location you define

If the analyze command reports errors, fix them in the HDL source file and then run the
analyze command again. After a design is analyzed, you must reanalyze it only when you
change it.

The elaborate command performs the following tasks:

* Translates the design into a technology-independent design (GTECH) from the
intermediate files produced during analysis

* Allows changing of parameter values defined in the source code
¢ Allows VHDL architecture selection
* Replaces the HDL arithmetic operators in the code with DesignWare components

* Automatically executes the 1ink command, which resolves design references

To use this method, analyze the top-level design and all subdesigns in bottom-up order and
then elaborate the top-level design and any subdesigns that require parameters to be
assigned or overwritten:

prompt> analyze -format verilog -library -work RISCTYPES.vV

prompt> analyze -format verilog -1lib -work {ALU.v STACK TOP.v \
STACK_MEM.V ...}

prompt> elaborate RISC_CORE -architecture STRUCT -library WORK -update

See Also

¢ Differences Between the read_file Command and the analyze and elaborate Commands

Differences Between the read_file Command and the analyze and
elaborate Commands

Table 5-2 summarizes the differences between using the read_file command and using
the analyze and elaborate commands to read design files.

Table 5-2 The read_file Command Versus the analyze and elaborate Commands

Comparison read_file command analyze and elaborate commands
Input formats All formats are supported. VHDL and Verilog formats are supported.
When to use Use to synthesize netlists, Use to synthesize VHDL or Verilog files.

precompiled designs, and so on.

Chapter 5: Working With Designs in Memory
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Table 5-2 The read_file Command Versus the analyze and elaborate Commands (Continued)

Comparison read_file command

analyze and elaborate commands

Parameters Does not allow you to pass

You can set parameter values with the
parameters. You must use directives elaborate command. For parameterized
in HDL. designs, you can use the analyze and
elaborate commands to build a new
design with nondefault values.

Architecture Does not allow you to specify the You can specify the architecture to be

architecture to be elaborated. elaborated.

Linking designs ~ You must use the 1ink command to The elaborate command executes the

resolve references. 1ink command automatically to resolve
references.

Running the read_verilog or read_vhdl Command

The read _verilogand read vhdl commands are derived from the read file command.
Both commands check the code for correct syntax and build a generic technology (GTECH)
netlist that Design Compiler uses to optimize the design. To run either command, specify the
file type:

prompt> read vhdl my design.vhdl
See Also

* Running the read_file Command

Reading .ddc Files

To read the design data from a .ddc file, use the read_ddc command or the read_file
-format ddc command:

prompt> read ddc design_file.ddc

The .ddc format is backward compatible but not forward compatible. You can read a .ddc file
that was generated with an earlier software version, but you cannot read a .ddc file that was
generated with a later software version.

See Also

¢ Running the read_file Command

Chapter 5: Working With Designs in Memory
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Reading .db Files

Note:
Although you can read files in Synopsys database .db format, it is recommended that you
use .ddc format.

To read in a .db file, use the read_db command or the read_file -format db command:

prompt> read _db my design file.db

Design Compiler supports the .db, .sldb, .sdb, .db.gz, .sldb.gz, and .sdb.gz file extensions.
The version of a .db file is the version of Design Compiler that created the file. For a .db file
to be read into Design Compiler, its file version must be the same as or earlier than the
version of Design Compiler you are running. If you attempt to read in a .db file generated by
a Design Compiler version that is later than the Design Compiler version you are using, an
error message appears. The error message provides details about the version mismatch.

See Also
¢ Running the read_file Command

* Reading .ddc Files

Listing Designs in Memory

To list the names of the designs loaded in memory, use the 1ist_designs command.

prompt> list_designs
A (%) B C
1

The asterisk (*) next to design A shows that A is the current design.

To list the memory file name corresponding to each design name, use the -show_file
option.

prompt> list_designs -show_file

/userl/designs/design_A/A.ddc
A (*)

/home/designer/dc/B.ddc
B C
1

The asterisk (*) next to design A shows that A is the current design. File B.ddc contains both
designs B and C.

Chapter 5: Working With Designs in Memory
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Setting the Current Design

You can set the current design (the design you are working on) in the following ways:

e With the read_file command

When the read_file command successfully finishes processing, it sets the current
design to the design that was read in.

prompt> read_file -format ddc MY DESIGN.ddc
Reading ddc file ’/designs/ex/MY_DESIGN.ddc’
Current design is ’'MY_DESIGN’

e With the elaborate command

e  With the current_design command
Use this command to set any design in dc_shell memory as the current design.

prompt> current_design ANY DESIGN
Current design is ’'ANY_DESIGN'.
{ANY_DESIGN}

You should avoid writing scripts that use a large number of current_design commands,
such as in a loop. Using a large number of current_design commands can increase
runtime. For more information, see Using Tcl With Synopsys Tools.

To display the name of the current design, enter the following command:

prompt> printvar current_design
current_design = "test"

Linking Designs

For a design to be complete, it must connect to all the library components and designs it
references. This process is called linking the design or resolving references.

To link designs, uses the 1ink command. The 1ink command uses the 1ink_library
and search_path system variables and the 1ocal_link_1library attribute to resolve
design references.

By default, the case sensitivity of the linking process depends on the source of the
references. To explicitly define the case sensitivity of the linking process, set the
link_force_case variable.

Chapter 5: Working With Designs in Memory
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To learn how the Design Compiler tool links designs and resolves references, see

¢ How the Tool Resolves References

In addition to linking designs and resolving references, you can perform the following tasks:
* Locating Designs by Using a Search Path

* Changing Design References

* Querying Design References

How the Tool Resolves References
The Design Compiler tool resolves references by carrying out the following steps:

1. It determines which library components and subdesigns are referenced in the current
design and its hierarchy.

2. It searches the link libraries to locate these references.

a. Design Compiler first searches the libraries and design files defined in the current
design’s local_link_library attribute.

b. If an asterisk is specified in the value of the 1ink_1ibrary variable, Design Compiler
searches in memory for the reference.

c. Design Compiler then searches the libraries and design files defined in the
link library variable.

3. Ifit does not find the reference in the link libraries, it searches in the directories specified
by the search_path variable.

For more information, see Locating Designs by Using a Search Path.

4. 1t links (connects) the located references to the design.

Note:
In a hierarchical design, Design Compiler considers only the top-level design’s local link
library. It ignores local link libraries associated with the subdesigns.

Design Compiler uses the first reference it locates. If it locates additional references with the
same name, it generates a warning message identifying the ignored, duplicate references.
If Design Compiler does not find the reference, a warning appears advising that the
reference cannot be resolved.

The arrows in Figure 5-1 show the connections that the linking process added between the
instances, references, and link libraries. In this example, Design Compiler finds library
component NAND2 in the LIBRARY_2 logic library; it finds subdesign MULTIPLIER in a
design file.

Chapter 5: Working With Designs in Memory
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Figure 5-1 Resolving References
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Locating Designs by Using a Search Path

You can specify the design file location by using the complete path or only the file name. If
you specify only the file name, the Design Compiler tool uses the search path defined in the
search_path variable. The tool looks for the design files starting with the leftmost directory
specified in the search_path variable and uses the first design file it finds. By default, the
search path includes the current working directory and $SYNOPSY S/libraries/syn, where
$SYNOPSYS is the path to the installation directory. To see where Design Compiler finds a
file when using the search path, use the which command. For example, enter

prompt> which my design.ddc
{/usr/designers/example/my_design.ddc}

To specify other directories in addition to the default search path, use one following
command:

prompt> lappend search_path project

Changing Design References

To change the component or design to which a cell or reference is linked, use the
change_1link command. You can use the command on a hierarchical design from any level
in the design without using the current_design command to specify the current design.
When you specify a cell instance as the object, the link for that cell is changed. When you
specify a reference as the object, the links for all cells having that reference are changed.
The Design Compiler tool changes the link only when you specify a component or design
that has the same number of ports with the same size and direction as the original reference.

Chapter 5: Working With Designs in Memory
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Running the change_1ink command copies all link information from the old design to the
new design. If the old design is a synthetic module, all attributes of the old synthetic module
are moved to the new link. After running the change_1ink command, you must run the
design with the 1ink command on the design.

If any cell specified in the object list is an instance at a lower level in the hierarchy and its
parent cell is not unique, use the -a11_instances option. All similar cells under the same
parent design are automatically linked to the new reference design. You do not have to
change the current design to change the link for the instance cells in the lower design
hierarchy.

The following command shows how cells U1 and U2 are linked from the current design to
MY_ADDER:

prompt> copy design ADDER MY_ADDER
prompt> change_link {Ul U2} MY_ ADDER

The following command changes the link for cell U1, which is at a lower level in the
hierarchy:

prompt> change_link top/sub_inst/Ul 1lsi_10k/AN3

This example shows how you can use the -all_instances option to change the link for
inv1, when its parent design, bot, is instantiated multiple times. The design bot is instantiated
twice: mid1/bot1 and mid1/bot2.

prompt> change_link -all_instances midl/botl/invl 1si_10k/AN3

Information: Changed link for all instances of cell 'invl'
in subdesign 'bot'. (UID-193)

prompt> get_cells -hierarchical -filter "ref_name == AN3"

{midl/botl/invl midl/bot2/invl}
1

Querying Design References
You can query design references by using the following methods:

¢ To report information about all the references in the current instance or the current
design, use the report_reference command. To display information across the
hierarchy, use the -hierarchy option.

e To return a collection of instances that have a specific reference, use the
get_references command.

Chapter 5: Working With Designs in Memory
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For example, the following command returns a collection of instances in the current
design that have the reference AN2:

prompt> get_references AN2
{U2 U3 U4}

To report the reference names, use the report_cell command.
For example,

prompt> report_cell [get_references AN¥*]

Cell Reference Library Area
Attributes

U2 AN2 1si_10k 2.000000
U3 AN2 1si_10k 2.000000
U4 AN2 1si_10k 2.000000
U8 AN3 1si_10k 2.000000

Listing Design Objects

Design Compiler provides commands for accessing various design objects. These
commands refer to design objects located in the current design. Each command in Table 5-3
performs one of the following actions:

List

Provides a listing with minimal information.

Display

Provides a report that includes characteristics of the design object.
Return

Returns a collection that can be used as input to another dc_shell command.

Table 5-3 lists the commands and the actions they perform.

Table 5-3 Commands to Access Design Objects

Object Command Action

Instance list_instances Lists instances and their references.
report_cell Displays information about instances.

Reference report_reference Displays information about references.

Chapter 5: Working With Designs in Memory
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Table 5-3 Commands to Access Design Objects (Continued)

Object Command

Action

Port report_port
report_bus
all_inputs

all_outputs

Net report_net

report_bus

Clock report_clock
all_clocks

Register all_registers

Collections get_*

Displays information about ports.
Displays information about bused ports.
Returns all input ports.

Returns all output ports.

Displays information about nets.
Displays information about bused nets.

Displays information about clocks.
Returns all clocks.

Returns all registers.
Returns a collection of cells, designs,

libraries and library cell pins, nets, pins, and
ports.

You can also use the GUI to list design objects and attribute values, provide reports, and
return collections. To list and display information about designs, cells, and objects, choose
List in the menu bar. To generate design object reports, use the Design menu commands.
For more information about using the GUI, see the Design Vision User Guide and the

Design Vision Help.

Chapter 5: Working With Designs in Memory
Listing Design Objects

5-14



Design Compiler® User Guide Version 1-2013.12

Specifying Design Objects
You can specify design objects by using either a relative path or an absolute path:
¢ Using a Relative Path
e Using an Absolute Path
¢ Using Attributes

Using a Relative Path

If you use a relative path to specify a design object, the object must be in the current design.
Specify the path relative to the current instance. The current instance is the frame of
reference within the current design. By default, the current instance is the top level of the
current design. Use the current_instance command to change the current instance.

For example, to place a dont_touch attribute on hierarchical cell U1/U15 in the Count_16
design, you can enter either

prompt> current_design Count_16
Current design is ‘Count_16"'.
{Count_16}

prompt> set_dont_touch Ul/Ul5

or

prompt> current_design Count_16
Current design is ‘Count_16"'.
{Count_16}

prompt> current_instance Ul
Current instance is ‘' /Count_16/Ul".
/Count_16/U1

prompt> set_dont_touch Ul5

1

In the first command sequence, the frame of reference remains at the top level of design
Count_16. In the second command sequence, the frame of reference changes to instance
U1. Design Compiler interprets all future object specifications relative to instance U1.

To reset the current instance to the top level of the current design, enter the
current_instance command without an argument.

prompt> current_instance
Current instance is the top-level of the design ‘Count_16"

Chapter 5: Working With Designs in Memory
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The current_instance variable points to the current instance. To display the current
instance, enter the following command:

prompt> printvar current_instance
current_instance = "Count_16/Ul1"

Using an Absolute Path

When you use an absolute path to specify a design object, the object can be in any design
in dc_shell memory. Use the following syntax to specify an object by using an absolute path:

[file:]ldesign/object

file
The path name of a memory file followed by a colon (:). Use the file argument when
multiple designs in memory have the same name.

design

The name of a design in dc_shell memory.

object

The name of the design object, including its hierarchical path. If several objects of
different types have the same name and you do not specify the object type, Design
Compiler looks for the object by using the types allowed by the command.

To specify an object type, use the get_* command. For more information about these
commands, see Using Tcl With Synopsys Tools.
For example, to place a dont_touch attribute on hierarchical cell U1/U15 in the Count_16
design, enter

prompt> set_dont_touch /usr/designs/Count_16.ddc:Count_16/U1/U5
1

Chapter 5: Working With Designs in Memory
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Using Attributes

An attribute is a string or value associated with an object in the design that carries some
information about that object. Attributes can describe logical, electrical, physical, and other
properties. They are attached to the design object and saved with the design database.

Design Compiler uses attributes on the following types of objects:
e Entire designs

* Design objects, such as clocks, nets, pins, and ports

* Design references and cell instances within a design

e Library cells and cell pins

Each attribute has a name, a type, and a value. Attributes can have the following types:
string, numeric, or logical (Boolean).

Some attributes are predefined and are recognized by Design Compiler; other attributes are
user-defined.

Some attributes are read-only. Design Compiler sets these attribute values and you cannot
change them. Other attributes are read/write. You can change these attribute values at any
time.

Most attributes apply to one object type; for example, the rise_drive attribute applies only
to input and inout ports. Some attributes apply to several object types; for example, the
dont_touch attribute can apply to a net, cell, port, reference, or design. You can get detailed
information about the predefined attributes that apply to each object type by using the
commands listed in Table 5-4.

Table 5-4 Commands to Get Attribute Descriptions

Object type Command

All man attributes
Designs man design_attributes
Cells man cell_attributes
Clocks man clock_attributes
Nets man net_attributes
Pins man pin_attributes
Ports man port_attributes

Chapter 5: Working With Designs in Memory
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Table 5-4 Commands to Get Attribute Descriptions (Continued)

Obiject type Command

Libraries man library attributes
Library cells man library cell_attributes
References man reference_attributes

Setting Attribute Values

To set the value of an attribute, use one of the following:
e Using an Attribute-Specific Command

* Using the set_attribute Command

Using an Attribute-Specific Command
Use an attribute-specific command to set the value of the command’s associated attribute.
For example,

prompt> set_dont_touch Ul

Using the set_attribute Command

Use this command to set the value of any attribute or to define a new attribute and set its
value.

For example, to set the dont_touch attribute on the Isi_10k/FJK3 library cell, enter

prompt> set_attribute 1lsi_10K/FJK3 dont_touch true

The set_attribute command enforces the predefined attribute type and generates an
error if you try to set an attribute with a value of an incorrect type.

To determine the predefined type for an attribute, use the 1ist_attributes -application
command. This command generates a list of all application attributes and their types. To
generate a smaller report, you can use the -class attribute to limit the list to attributes that
apply to one of the following classes: design, port, cell, clock, pin, net, lib, or reference.

For example, the max_fanout attribute has a predefined type of float. Suppose you enter the
following command, Design Compiler displays an error message:

set_attribute l1ib/lcell/lpin max_fanout 1 -type integer

Chapter 5: Working With Designs in Memory
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If an attribute applies to more than one object type, Design Compiler searches the database
for the named object. For information about the search order, see The Object Search Order.

When you set an attribute on a reference (subdesign or library cell), the attribute applies to
all cells in the design with that reference. When you set an attribute on an instance (cell, net,
or pin), the attribute overrides any attribute inherited from the instance’s reference.

Viewing Attribute Values

To see all attributes on an object, use the report_attribute command.

prompt> report_attribute object_list

To see the value of a specific attribute on an object, use the get_attribute command.

For example, to get the value of the maximum fanout on port OUT7, enter

prompt> get_attribute OUT7 max_fanout
Performing get_attribute on port ‘OUT7’.
{3.000000}

If an attribute applies to more than one object type, Design Compiler searches the database
for the named object. For information about the search order, see The Object Search Order.

You can use the Properties dialog box in the GUI to view attributes and other object
properties for selected designs, design objects, or timing paths. You can also set, change, or
remove the attribute values for certain properties.

For more information about using the GUI, see the Design Vision User Guide and the
Design Vision Help.

Saving Attribute Values

Design Compiler does not automatically save attribute values when you exit dc_shell. Use
the write_script command to generate a dc_shell script that re-creates the attribute
values.

By default, the write_script command writes the dc_shell commands to standard output.
Use the redirection operator (>) to redirect the output to a file.

prompt> write_script > attr.scr

The write_script command does not support user-defined attributes.

Chapter 5: Working With Designs in Memory
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Defining Attributes

To define a new attribute, use the define_user_attribute command. To set the attribute
to a specified value on a specified list of objects, use the set_attribute command.

The following example defines an integer cell attribute named X and then sets this attribute
to 30 on all cells in this level of the hierarchy:

prompt> define_user attribute -type int -classes cell X
cell

prompt> set_attribute [get_cells *] X 30

{U1}

If you want to change the value of an attribute, remove the attribute and then re-create it to
store the desired type.

See Also

e Setting Attribute Values

Removing Attributes
To remove a specific attribute from an object, use the remove_attribute command.

You cannot use the remove_attribute command to remove inherited attributes. For
example, if a dont_touch attribute is assigned to a reference, remove the attribute from the
reference, not from the cells that inherited the attribute.

For example, to remove the max_fanout attribute from port OUT7, enter

prompt> remove_attribute OUT7 max_fanout

You can remove selected attributes by using the remove_* commands. Note that some
attributes still require the set_* command with a -default option specified to remove the
attribute previously set by the command. See the man page for a specific command to
determine whether it has the -default option or uses a corresponding remove command.

To remove all user-defined attributes from the current design, except those defined with the
set_attribute command, use the reset_design command.

prompt> reset_design
Resetting current design ’'EXAMPLE’.
1

The reset_design command removes all design information, including clocks, input and
output delays, path groups, operating conditions, timing ranges, and wire load models. The
result of using reset_design is often equivalent to starting the design process from the
beginning. To remove attributes defined with set_attribute, use the remove_attribute
command.

Chapter 5: Working With Designs in Memory
Specifying Design Objects 5-20



Design Compiler® User Guide Version 1-2013.12

The Object Search Order

When Design Compiler searches for an object, the search order is command dependent.
Objects include designs, cells, nets, references, and library cells.

If you do not use a get command, Design Compiler uses an implicit find to locate the object.
Commands that can set an attribute on more than one type of object use this search order
to determine the object to which the attribute applies.

For example, the set_dont_touch command operates on cells, nets, references, and library
cells. If you define an object, X, with the set_dont_touch command and two objects (such
as the design and a cell) are named X, Design Compiler applies the attribute to the first
object type found. In this case, the attribute is set on the design, not on the cell.

Design Compiler searches until it finds a matching object, or it displays an error message if
it does not find a matching object.

You can override the default search order by using the get_* command to specify the object.

For example, assume that the current design contains both a cell and a net named critical.
The following command sets the dont_touch attribute on the cell because of the default
search order:

prompt> set_dont_touch critical
1

To place the dont_touch attribute on the net instead, use the following command:

prompt> set_dont_touch [get_nets criticall]
1

Creating Designs

The create_design command creates a new design. The memory file name is
my_design.db, and the path is the current working directory.

prompt> create_design my design
1
prompt> list_designs -show_file

/work_dir/mapped/test.ddc
test (*) test_DWO1l _inc_16_0 test_DWO2 _mult_16_16_1

/work_dir/my_design.db
my_design
1

Designs created with create_design contain no design objects. Use the appropriate create
commands (such as create_clock, create_cell, Of create_port) to add design objects
to the new design.
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See Also

e Editing Designs

Copying Designs

The copy_design command copies a design in memory and renames the copy. The new
design has the same path and memory file as the original design.

prompt> copy design test test_new

Information: Copying design /designs/test.ddc:to designs/
test.ddc:test_new

1

prompt> list_designs -show file

/designs/test.ddc
test (*) test_new

You can use the copy_design command with the change_1ink command to manually
create unique instances. For example, assume that a design has two identical cells, U1 and
U2, both linked to COMP.

Enter the following commands to create unique instances:

prompt> copy design COMP COMP1

Information: Copying design /designs/COMP.ddc:COMP to
designs/COMP.ddc:COMP1

1

prompt> change_link Ul COMP1l
Performing change_link on cell 'Ul’.
1

prompt> copy_ design COMP COMP2

Information: Copying design /designs/COMP.ddc:COMP to
designs/COMP.ddc : COMP2

1

prompt> change_link U2 COMP2
Performing change_link on cell 'U2’.
1
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Renaming Designs

To rename a design in memory, use the rename_design command. You can assign a new
name to a design or move a list of designs to a file. To save a renamed file, use the
write_file command.

In the following example, the 1ist_designs command is used to show the design before
and after you use the rename_design command:

prompt> list_designs -show file
/designs/test.ddc

test(*) test_new

1

prompt> rename_design test_new test_new 1

Information: Renaming design /designs/test.ddc:test_new to
/designs/test.ddc:test_new_1

1

prompt> list_designs -show_file
/designs/test.ddc

test (*) test_new test_new_1

1

To rename designs and update cell links for the entire design hierarchy, use the -prefix,
-postfix, and -update_links options. For example, the following script prefixes the string
NEW_ to the name of the design D and updates links for its instance cells:

prompt> get_cells -hierarchical -filter "ref_name == D"
{b_in_a/c_in_b/dl _in_c¢ b_in_a/c_in_b/d2_in_c}

prompt> rename_design D -prefix NEW_ -update_links
Information: Renaming design /test_dir/D.ddc:D to
/test_dir/D.ddc:NEW_D. (UIMG-45)

prompt> get_cells -hierarchical -filter "ref_name == D"
# no such cells!
prompt> get_cells -hierarchical -filter "ref_ name == NEW_D"

{b_in a/c_in b/dl in c¢ b_in a/c_in b/d2_in_c}

Cellsb_in_a/c_in b/dl_in candb_in_a/c_in_b/d2_in_c instantiate design D. After
you have run the rename_design D -prefix NEW -update_links command, the
instances are relinked to the renamed reference design NEW_D.
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Changing the Design Hierarchy

When possible, reflect the design partitioning in your HDL description. If your HDL code is
already developed, Design Compiler enables you to change the hierarchy without modifying
the HDL description.

The report_hierarchy command displays the design hierarchy. Use this command to
understand the current hierarchy before making changes and to verify the hierarchy
changes.

Design Compiler provides the following hierarchy manipulation capabilities:
* Adding Levels of Hierarchy
* Removing Levels of Hierarchy

* Merging Cells From Different Subdesigns

Adding Levels of Hierarchy

Adding a level of hierarchy is called grouping. You can create a level of hierarchy by grouping
cells or related components into subdesigns.

To group cells (instances) in the design into a new subdesign, creating a new level of
hierarchy, use the group command. The grouped cells are replaced by a new instance that
references the new subdesign.

The ports of the new subdesign are named after the nets to which they are connected in the
design. The direction of each port of the new subdesign is determined from the pins of the
corresponding net.

When the parent design is unique, the cell list that you specify can include cells from a lower
level in the hierarchy; however, these cells should be at the same level of hierarchy in
relation to one another.

If you do not specify an instance name, Design Compiler creates one for you. The created
instance name has the format Un, where nis an unused cell number (for example, U107).

Note:
Grouping cells might not preserve all the attributes and constraints of the original cells.

To group two cells into a new design named SAMPLE with an instance name U, enter

prompt> group {ul u2} -design_name SAMPLE -cell_name U

To group all cells that begin with alu into a new design uP with cell name UCELL, enter

prompt> group "alu*" -design_name uP -cell_name UCELL
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In the following example, three cells—bot1, cell1, and j—are grouped into a new subdesign
named SAMPLE, with an instance name U1. The cells are at a lower level in the hierarchy
and at the same hierarchical level; the parent design is unique.

prompt> group {midl/botl midl/celll midl/j} \
-cell name Ul -design name SAMPLE

The preceding command is equivalent to issuing the following two commands:

prompt> current_design mid
prompt> group {botl celll j} -cell_name Ul -design_name SAMPLE

To group all cells in the HDL function bar in the ftj process into the new_block design, enter

prompt> group -hdl_block ftj/bar -design_name new block

To group all bused gates beneath the ftj process into separate levels of hierarchy, enter

prompt> group -hdl_block ftj -hdl_bussed

Removing Levels of Hierarchy

Removing a level of hierarchy is called ungrouping. Ungrouping merges subdesigns of a
specific level of the hierarchy into the parent cell or design. You can perform ungrouping
manually before optimization, or you can perform ungrouping during optimization, either
manually or automatically.

Note:
Designs, subdesigns, and cells that have the dont_touch attribute cannot be ungrouped
(including automatic ungrouping) before or during optimization.

To learn how to remove levels of hierarchy, see
¢ Ungrouping Hierarchies Before Optimization

e Ungrouping Hierarchies During Optimization

Ungrouping Hierarchies Before Optimization

To ungroup one or more designs before optimization, use the ungroup command. You can
use the ungroup command on a hierarchical design from any level in the design without
using the current_design command to specify the current design.

When the parent design is unique, the cell list can include cells from a lower level in the
hierarchy (that is, the ungroup command can accept instance objects).

The ungroup command can ungroup all cells in the current design or current instance,
ungroup each cell recursively until all levels of hierarchy within the current design (instance)
are removed, or ungroup cells recursively starting at any hierarchical level.
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Note:
If you ungroup cells and then use the change_names command to modify the hierarchy
separator (/), you might lose attribute and constraint information.

To ungroup a list of cells, enter

prompt> ungroup {high_decoder_cell low_decoder_cell}

To ungroup the cell U1 and specify the prefix to use when creating new cells, enter
prompt> ungroup Ul -prefix "Ul:”

To completely collapse the hierarchy of the current design, enter

prompt> ungroup -all -flatten

To recursively ungroup cells belonging to CELL_X, which is three hierarchical levels below
the current design, enter

prompt> ungroup -start_level 3 CELL_X

To recursively ungroup cells that are three hierarchical levels below the current design and
belong to cells U1 and U2 (U1 and U2 are child cells of the current design), enter

prompt> ungroup -start_level 2 {Ul U2}

To recursively ungroup all cells that are three hierarchical levels below the current design,
enter

prompt> ungroup -start_level 3 -all

This example illustrates how the ungroup command can accept instance objects (cells at a
lower level of hierarchy) when the parent design is unique. In the example, MID1/BOT1 is a
unique instantiation of design BOT. The command ungroups the cells MID1/BOT1/CELL1
and MID1/BOT1/CELL2.

prompt> ungroup {MID1/BOT1/CELL1 MID1/BOT1l/CELL2}

The preceding command is equivalent to issuing the following two commands:

prompt> current_instance MID1/BOT1
prompt> ungroup {CELL1l CELL2}

Ungrouping Hierarchies During Optimization

To learn how to ungroup designs during optimization either explicitly (manually) or
automatically, see:

e Ungrouping Hierarchies Explicitly During Optimization

* Ungrouping Hierarchies Automatically During Optimization
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Ungrouping Hierarchies Explicitly During Optimization

You can control which designs are ungrouped during optimization by using the set_ungroup
command followed by the compile_ultra command or the compile -ungroup_all
command.

Use the set_ungroup command when you want to specify the cells or designs to be
ungrouped. This command assigns the ungroup attribute to the specified cells or
referenced designs. If you set the attribute on a design, all cells that reference the design
are ungrouped.

For example, to ungroup cell U1 during optimization, enter the following commands:

prompt> set_ungroup Ul
prompt> compile_ultra

To see whether an object has the ungroup attribute set, use the get_attribute
command.

prompt> get_attribute object ungroup

To remove an ungroup attribute, use the remove_attribute command or set the
ungroup attribute to false.

prompt> set_ungroup object false

Use the -ungroup_all option with the compile command to remove all lower levels of
the current design hierarchy (including DesignWare parts). For example, enter

prompt> compile -ungroup_all

Ungrouping Hierarchies Automatically During Optimization

The compile_ultra command automatically ungroups logical hierarchies. Ungrouping
merges subdesigns of a given level of the hierarchy into the parent cell or design. It removes
hierarchical boundaries and allows Design Compiler to improve timing by reducing the levels
of logic and to improve area by sharing logic.

During optimization, Design Compiler performs the following types of automatic grouping:

Area-based automatic ungrouping

Before initial mapping, the compile_ultra command performs area-based automatic
ungrouping. The tool estimates the area for unmapped hierarchies and removes small
subdesigns; the goal is to improve area and timing quality of results. Because the tool
performs automatic ungrouping at an early stage, it has a better optimization context.
Additionally, datapath extraction is enabled across ungrouped hierarchies. These factors
improve the timing and area quality of results.
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* Delay-based automatic ungrouping

During delay optimization, the compile_ultra command performs delay-based
automatic ungrouping. It ungroups hierarchies along the critical path and is used
essentially for timing optimization.

* QoR-based automatic ungrouping

When you use the -spg option with the compile_ultra command, Design Compiler
Graphical ungroups additional hierarchies to improve QoR.

See Also

e The Design Compiler Optimization Reference Manual

Preserving Hierarchical Pin Timing Constraints During Ungrouping

Hierarchical pins are removed when a cell is ungrouped. Depending on whether you are
ungrouping a hierarchy before optimization or after optimization, Design Compiler handles
timing constraints placed on hierarchical pins in different ways.

When preserving timing constraints, Design Compiler reassigns the timing constraints to
appropriate adjacent, persistent pins (that is, pins on the same net that remain after
ungrouping). The constraints are moved forward or backward to other pins on the same net.
Note that the constraints can be moved backward only if the pin driving the given hierarchical
pin drives no other pin. Otherwise the constraints must be moved forward.

If the constraints are moved to a leaf cell, that cell is assigned a size_only attribute to
preserve the constraints during a compile. Thus, the number of size_only cells can
increase, which might limit the scope of the optimization process. To counter this effect,
when both the forward and backward directions are possible, Design Compiler chooses the
direction that helps limit the number of newly assigned size_on1ly attributes to leaf cells.

You can disable this behavior by setting the auto_ungroup_preserve_constraints
variable to false. The default is true.

When you apply ungrouping to an unmapped design, the constraints on a hierarchical pin
are moved to a leaf cell and the size_only attribute is assigned. However, the constraints
are preserved through the compile process only if there is a one-to-one match between the
unmapped cell and a cell from the target library.

Only the timing constraints set with the following commands are preserved:
® gset_false_path

® set_multicycle_path

® set_min_delay

® gset_max_delay
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® set_input_delay

® set_output_delay

® gset_disable_timing

® set_case_analysis

® create_clock

® create_generated_clock
® gset_propagated_clock

® set_clock latency

Note:
The set_rt1_load constraint is not preserved. Also, only the timing constraints of the
current design are preserved. Timing constraints in other designs might be lost as a
result of ungrouping hierarchy in the current design.

Merging Cells From Different Subdesigns
To merge cells from different subdesigns into a new subdesign,
1. Group the cells into a new design.

2. Ungroup the new design.

For example, the following command sequence creates a new alu design that contains the
cells that initially were in subdesigns u_add and u_mult.

prompt> group {u_add u_mult} -design alu
prompt> current_design alu

prompt> ungroup -all

prompt> current_design top_design
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Editing Designs

Design Compiler provides commands for incrementally editing a design that is in memory.
These commands allow you to change the netlist or edit designs by using dc_shell

commands instead of an external format.
Table 5-5 Design Editing Tasks and Commands

Object Task Command

Cells Create a cell create_cell
Delete a cell remove_cell

Nets Create a net create_net

Connect a net
Disconnect a net
Delete a net

Ports Create a port
Delete a port

Pins Connect pins
Buses Create a bus
Delete a bus

connect_net
disconnect_net

remove_net

create_port
remove_port

remove_unconnected_ports

connect_pin

create_bus

remove_bus

For unique designs, these netlist editing commands accept instance objects—that is, cells
at a lower level of hierarchy. You can operate on hierarchical designs from any level in the
design without using the current_design command. For example, you can enter the
following command to create a cell called cell1 in the design mid1:

prompt> create_cell midl/celll my lib/AND2

When connecting or disconnecting nets, use the all_connected command to see the
objects that are connected to a net, port, or pin. For example, this sequence of commands
replaces the reference for cell U8 with a high-power inverter.

prompt> get_pins U8/*
{"u8/A", "U8/Z"}

prompt> all_connected U8/A
{"n66"}

prompt> all_connected U8/Z
{"OUTBUS[10]"}

prompt> remove_cell U8
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Removing cell ‘U8’ in design ’'top’.

1

prompt> create_cell U8 IVP

Creating cell ‘U8’ in design ’‘top’.

1

prompt> connect_net n66 [get_pins U8/A]
Connecting net 'n66’ to pin 'U8/A’.

1

prompt> connect_net OUTBUS[10] [get_pins U8/Z]
Connecting net ‘OUTBUS[10]’ to pin 'U8/Z’.
1

Note:
You can achieve the same result by using the change_1ink command instead of the
series of commands listed previously. For example, the following command replaces the
reference for cell U8 with a high-power inverter:

prompt> change_link U8 IVP

Tasks you can perform, include

¢ Resizing a cell

To return a collection of equivalent library cells for a specific cell or library cell, use the
get_alternative_lib_cells command. You can then use the collection to replace or
resize the cell. The size_cell command allows you to change the drive strength of a
leaf cell by linking it to a new library cell that has the required properties.

* Inserting buffers or inverter pairs

To add a buffer at pins or ports, use the insert_buffer command. The
-inverter_pair option allows you specify that a pair of inverting library cells is to be
inserted instead of a single non-inverting library cell. To retrieve a collection of all buffers
and inverters from the library, you can use the get_buffers command.

* [Inserting repeaters

To select a driver of a two-pin net and insert a chain of single-fanout buffers in the net
driven by this driver, use the insert_buffer command with the -no_of_cells option.

* Removing buffers

To remove buffers, use the remove_buffer command.
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Translating Designs From One Technology to Another

To translate a design from one technology to another, use the translate command. If you
are using Design Compiler in topographical mode, use the compile_ultra -incremental
command. Designs are translated cell by cell from the original logic library to a new logic
library, preserving the gate structure of the original design. The translator uses the functional
description of each existing cell (component) to determine the matching component in the
new logic library (target library). If no exact replacement exists for a component, it is
remapped with components from the target library.

You can influence the replacement-cell selection by preferring or disabling specific library
cells (using the set_prefer and set_dont_use commands) and by specifying the types of
registers (using the set_register_type command). The target libraries are specified in the
target_library variable. The 1ocal_link_1library attribute of the top-level design is set
to the target_library value after the design is linked.

The translate command does not operate on cells or designs having the dont_touch
attribute. After the translation process, Design Compiler reports cells that are not
successfully translated.

For details, see
* Translating Designs in Design Compiler Wireload Mode
* Translating Designs in Design Compiler Topographical Mode

¢ Restrictions on Translating Between Technologies

Translating Designs in Design Compiler Wireload Mode

The following procedure works for most designs, but manual intervention might be
necessary for some complex designs.

To translate a design,
1. Read in your mapped design.

dc_shell> read_file design.ddc

2. Set the target library to the new logic library.

dc_shell> set target_library target_lib.db

3. Invoke the translate command.

dc_shell> translate

After a design is translated, you can compile it to improve the implementation in the new
logic library.
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Translating Designs in Design Compiler Topographical Mode

To map a design to a new technology in Design Compiler topographical mode,

1.

Add the original logic library to the link library:

dc_shell-topo> lappend link library tech orig.db

Set up your Design Compiler environment for the new target technology.
a. Specify the logic libraries.

b. Specify the physical libraries.

Read in your mapped design:

dc_shell-topo> read_verilog design.v

. Runthe compile_ultra -incremental command to translate the design to the new

technology.

Restrictions on Translating Between Technologies

Keep the following restrictions in mind when you translate a design from one technology to
another:

The translate command translates functionality logically but does not preserve drive
strength during translation. It always uses the lowest drive strength version of a cell,
which might produce a netlist with violations.

Buses driven by CMOS three-state components must be fully decoded (Design Compiler
can assume that only one bus driver is ever active). If this is the case, bus drivers are
translated into control logic. To enable this feature, set the

compile_assume_fully decoded_three_state_buses variable to true before
translating.

If a three-state bus within a design is connected to one or more output ports, translating
the bus to a multiplexed signal changes the port functionality. Because translate does
not change port functionality, this case is reported as a translation error.
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Removing Designs From Memory

The remove_design command removes designs from dc_shell memory. For example, after
completing a compilation session and saving the optimized design, you can use
remove_design to delete the design from memory before reading in another design.

By default, the remove_design command removes only the specified design. To remove its
subdesigns, specify the -hierarchy option. To remove all designs (and libraries) from
memory, specify the -a11 option.

If you defined variables that reference design objects, Design Compiler removes these
references when you remove the design from memory. This prevents future commands from
attempting to operate on nonexistent design objects. For example,

prompt> set PORTS [all_inputs]

{"AO n , IIA:L n , IIA2 n , IIA3 n }
prompt> query objects $PORTS
PORTS - { "AO n , "Al n , n A2 n , n A3 n }

prompt> remove_design

Removing design ‘top’

1

prompt> query objects $PORTS

Error: No such collection ‘_sel2’ (SEL-001)

Saving Designs

You can save (write to disk) the designs and subdesigns of the design hierarchy at any time,
using different names or formats. After a design is modified, you should manually save it.
Design Compiler does not automatically save designs before it exits.

For information about supported output formats, using the GUI, and ensuring naming
consistency, see

e Supported Design File Output Formats
* Writing a Design Netlist or Schematic
e Writing To a Milkyway Database

e Saving Designs Using GUI Commands

* Ensuring Name Consistency Between the Design Database and the Netlist
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Supported Design File Output Formats

Design Compiler supports the design file formats listed in Table 5-6.
Table 5-6 Supported Design File Output Formats

Format Description

.ddc Synopsys internal database format.

Verilog IEEE Standard Verilog (see the HDL Compiler documentation)
svsim SystemVerilog netlist wrapper

Note: The write_file -format svsim command writes out only the netlist wrapper,
not the gate-level DUT itself. To write out the gate-level DUT, you must use the existing
write_file -format verilog command. For details, see the HDL Compiler for

SystemVerilog User Guide.
VHDL IEEE Standard VHDL (see the HDL Compiler documentation)
Milkyway Format for writing a Milkyway database within Design Compiler.

In topographical mode,

* The .ddc format contains back-annotated net delays and constraints. Subsequent
topographical mode sessions restore virtual layout data. The .ddc format is
recommended for subsequent topographical mode optimizations and verification.

e The Milkyway format contains back-annotated net delays and constraints. The Milkyway
format cannot be read back into topographical mode for subsequent optimizations. This
format is recommended if you intend to use Synopsys tools for the back-end flow.

e The ASCII format, either in a Verilog or a VHDL netlist, does not contain back-annotated
delays or Synopsys design constraints (SDC constraints). Use the write_sdc command
to write out the SDC constraints and the write_parasitics command to write out
parasitics. This format is recommended only if you intend to use a third-party tool.
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Writing a Design Netlist or Schematic

Design Compiler does not automatically save the designs loaded in memory. To write a
design netlist or schematic to a file before exiting, use the write_file command:

prompt> write_file -format ddc -hierarchy -output my design.ddc

By default, the write_file command saves just the top-level design. To save the entire
design, specify the -hierarchy option.

If you do not use the -output option with the write_file command to specify the output
file name, the tool creates a file called top_design.ddc, where top_design is the name of the
current design.

Writing To a Milkyway Database

To write to a Milkyway database, use the write_milkyway command. The write_milkyway
command creates a design file based on the netlistin memory and saves the design data for
the current design in that file.

Note:
You cannot use the Milkyway format to store design data for unmapped designs or
non-uniquified designs. Before you use the write_milkyway command, run the
following command:

uniquify -force -dont_skip_empty_designs
See Also

e Using a Milkyway Database

Saving Designs Using GUI Commands

You can also use the GUI to save the current design and each of its subdesigns. To learn
how to save designs from the GUI, see the Design Vision User Guide.

Ensuring Name Consistency Between the Design Database and the
Netlist

Before writing a netlist from within dc_shell, make sure that all net and port names conform
to the naming conventions for your layout tool. Also ensure that you are using a consistent
bus naming style.
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Some ASIC and EDA vendors have a program that creates a .synopsys_dc.setup file that
includes the appropriate commands to convert names to their conventions. If you need to
change any net or port names, use the define_name_rules and change_names
commands. For more information, see Naming Rules Section of the .synopsys_dc.setup
File.

To define the name mapping and replacement rules and resolve naming problems, see
e Specifying the Name Mapping and Replacement Rules

* Resolving Naming Problems in the Flow

Specifying the Name Mapping and Replacement Rules

Example 5-1 shows how to use the -map option with the define_name_rules command to
define the name mapping and replacement rules to avoid an error in the format of the string.
If you do not follow this convention, an error appears.

Example 5-1 Using define_name_rules -map

define_name_rules naming_convention
-map { {{stringl, string2}} } -type cell

For example, to remove trailing underscores from cell names, enter

prompt> define_name_rules naming convention \
-map {{{_$, ""}} } -type cell

Resolving Naming Problems in the Flow

You might encounter conflicts in naming conventions in design objects, input and output
files, and tool sets. In the design database file, you can have many design objects (such as
ports, nets, cells, logic modules, and logic module pins), all with their own naming
conventions. Furthermore, you might be using several input and output file formats in your
flow. Each file format is different and has its own syntax definitions. Using tool sets from
several vendors can introduce additional naming problems.

To resolve naming issues, use the change_names command to ensure that all the file names
match. Correct naming eliminates name escaping or mismatch errors in your design.

Methodology for Resolving Naming Issues

To resolve naming issues, make the name changes in the design database file before you
write any files:

1. Read in your design RTL and apply constraints.

No changes to your method need to be made here.

2. Compile the design to produce a gate-level description.
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Compile or reoptimize your design as you normally would, using your standard set of
scripts.

3. Apply name changes and resolve naming issues. Use the change_names command and
its Verilog or VHDL option before you write the design.

Important:
Always use the change_names -rules [verilog|vhdl] -hierarchy command
whenever you want to write out a Verilog or VHDL design because naming in the
design database file is not Verilog or VHDL compliant. For example, enter

prompt> change_names -rules verilog -hierarchy

4. Write the files to disk. Use the write_file -format verilog command.

Look for reported name changes, which indicate you need to repeat step 3 and refine
your name rules.

5. If all the appropriate name changes have been made, your output file should match the
design database file. Enter the following commands and compare the output.

prompt> write_file -format verilog -hierarchy -output "consistent.v"
prompt> write_file -format ddc -hierarchy -output "consistent.ddc"

6. Write the files for third-party tools.

If you need more specific naming control, use the define_name_rules command.

See Also

* Specifying the Name Mapping and Replacement Rules

Summary of Commands for Changing Names

Table 5-7 summarizes commands for changing names.

Table 5-7 Summary of Commands for Changing Names

To do this Use this

Change the names of ports, cells, and nets in a design change_names
to be Verilog or VHDL compliant.

Show effects of change_names without making the report_names
changes.

Define a set of rules for naming design objects. Name define_name_rules
rules are used by change_names and report_names.

List available name rules. report_name_rules
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Defining the Design Environment

Before a design can be optimized, you must define the environment in which the design is
expected to operate. You define the environment by specifying operating conditions, system
interface characteristics, and wire load models (used only when Design Compiler is not
operating in topographical mode). Operating conditions include temperature, voltage, and
process variations. System interface characteristics include input drivers, input and output
loads, and fanout loads. The environment model directly affects design synthesis results.

In Design Compiler, the model is defined by a set of attributes and constraints that you
assign to the design using specific dc_shell commands. Figure 6-1 illustrates commands
used to define the design environment.

Figure 6-1 Commands Used to Define the Design Environment
set_operating_conditions
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set_load
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To learn how to define the design environment, see

* Operating Conditions

* Defining Operating Conditions

* Reporting Operating Conditions

* Modeling the System Interface

» Setting Logic Constraints on Ports

*  Wire Load Models

* Specifying Wire Load Models and Modes

¢ Defining the Environment Using Topographical Mode

e Comparing Design Compiler Topographical and IC Compiler Environments
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Operating Conditions

In most technologies, variations in operating temperature, supply voltage, and
manufacturing process can strongly affect circuit performance (speed). These factors, called
operating conditions, have the following general characteristics:

Operating temperature variation

Temperature variation is unavoidable in the everyday operation of a design. Effects on
performance caused by temperature fluctuations are most often handled as linear
scaling effects, but some submicron silicon processes require nonlinear calculations.

Supply voltage variation

The design’s supply voltage can vary from the established ideal value during day-to-day
operation. Often a complex calculation (using a shift in threshold voltages) is employed,
but a simple linear scaling factor is also used for logic-level performance calculations.

Process variation

This variation accounts for deviations in the semiconductor fabrication process. Usually
process variation is treated as a percentage variation in the performance calculation.

When performing timing analysis, Design Compiler must consider the worst-case and
best-case scenarios for the expected variations in process, temperature, and voltage.

See Also

Defining Operating Conditions

Reporting Operating Conditions

Defining Operating Conditions

Most logic libraries have predefined sets of operating conditions. Before you set the
operating conditions, you can

List the operating conditions defined in a logic library by using the report_1ib
command.

The library must be loaded in memory before you run the report_1ib command. To see
which libraries are loaded in memory, use the 1ist_1ibs command.

The following example generates a report for the my_lib library that is stored in
my_lib.db:

prompt> read_file my lib.db
prompt> report_lib my 1lib

Chapter 6: Defining the Design Environment
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e Listthe operating conditions defined for the current design by using the current_design
command.

If the logic library contains operating condition specifications, you can use them as the
default conditions. To specify explicit operating conditions that supersede the default library
conditions, use the set_operating conditions command

The following example sets the operating conditions for the current design to worst-case
commercial:

prompt> set_operating conditions WCCOM -library my 1lib

Reporting Operating Conditions
To see the operating conditions that are defined for the current design, use the
report_design command.

Example 6-1 shows an operating conditions report.

Example 6-1 Operating Conditions Report
ER R I R S I R R S I S

Report : library
Library: my_ lib

EEE I R R R I I I I I R R I I S I R R I R S i O

Operating Conditions:

Name Library Process Temp Volt Interconnect Model
WCCOM my_lib 1.50 70.00 4.75 worst_case_tree
WCIND my_1lib 1.50 85.00 4.75 worst_case_tree
WCMIL my_lib 1.50 125.00 4.50 worst_case_tree

Modeling the System Interface
To model the design’s interaction with the external system, perform the following tasks:
* Defining Drive Characteristics for Input Ports
e Defining Loads on Input and Output Ports

* Defining Fanout Loads on Output Ports
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Defining Drive Characteristics for Input Ports

To determine the delay and transition time characteristics of incoming signals, Design
Compiler needs information about the external drive strength and the loading at each input
port. Drive strength is the reciprocal of the output drive resistance, and the transition delay
at an input port is the product of the drive resistance and the capacitance load of the input
port. Design Compiler uses drive strength information to buffer nets appropriately in the
case of a weak driver.

By default, Design Compiler assumes zero drive resistance on input ports, meaning infinite
drive strength. To set a realistic drive strength, use one of the following commands:

® set_driving_cell

Use the set_driving_cell command to specify drive characteristics on ports that are
driven by cells in the logic library. This command is compatible with all the delay models,
including the nonlinear delay model and piecewise linear delay model. The
set_driving cell command associates a library pin with an input port so that delay
calculators can accurately model the drive capability of an external driver.

® set_drive

® set_input_transition

Both the set_driving_cell and set_input_transition commands affect the port
transition delay, but they do not place design rule requirements, such as max_fanout and
max_transition, On input ports. However, the set_driving_cell command does place
design rules on input ports if the driving cell has design rule constraints.

Both the set_drive and the set_driving_cell commands affect the port transition delay.
The set_driving_cell command can place design rule requirements, such as the
max_fanout Of max_transition attributes, on input ports if the specified cell has input
ports. The most recently used command takes precedence. For example, setting a drive
resistance on a port with the set_drive command overrides previously run

set_driving cell commands.

Use the set_drive or set_input_transition command to set the drive resistance on the
top-level ports of the design when the input port drive capability cannot be characterized
with a cell in the logic library.

Figure 6-2 shows a hierarchical design. The top-level design has two subdesigns, U1 and
U2. The I1 and 12 ports of the top-level design are driven by the external system and have a
drive resistance of 1.5.

Chapter 6: Defining the Design Environment
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Figure 6-2 Drive Characteristics
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To set the drive characteristics for this example, follow these steps:

1.

Because ports 11 and 12 are not driven by library cells, use the set_drive command to
define the drive resistance:

prompt> current_design top_level_design
prompt> set_drive 1.5 {Il1l I2}

To describe the drive capability for the ports on design sub_design2, change the current
design to sub_design2:

prompt> current_design sub_design2

An |V cell drives port I3. Use the set_driving cell command to define the drive

resistance. Because |V has only one output and one input, define the drive capability as
follows:

prompt> set_driving cell -1lib_cell IV {I3}
An AN2 cell drives port 14. Because the different arcs of this cell have different transition
times, select the worst-case arc to define the drive. For checking setup violations, the

worst-case arc is the slowest arc. For checking hold violations, the worst-case arc is the
fastest arc.

For this example, assume that you want to check for setup violations. The slowest arc on
the AN2 cell is the B-to-Z arc, so define the drive as follows:

prompt> set_driving cell -lib_cell AN2 -pin Z -from pin B {I4}
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Note:
For heavily loaded driving ports, such as clock lines, keep the drive strength setting
at 0 so that Design Compiler does not buffer the net. Each semiconductor vendor has
a different way of distributing these signals within the silicon.

To remove driving cell attributes on ports, use the remove_driving_cell or
reset_design command.

Defining Loads on Input and Output Ports

By default, Design Compiler assumes zero capacitive load on input and output ports. To set
a capacitive load value on input and output ports of the design, use the set_1oad command.
This information helps Design Compiler select the appropriate cell drive strength of an
output pad and helps model the transition delay on input pads.

The following example sets a load of 30 on output pin out1:
prompt> set_load 30 {outl}
You should specify the load value units consistent with the target logic library. For example,

if the library represents the load value in picofarads, the value you set with the set_load
command must be in picofarads.

Use the report_1ib command to list the library units, as shown in Example 6-2.

Example 6-2 Library Units Report

khkhkhkhhkhkh A dhhddrhkhhkhhdddkhhkdhhkhkxhdkxdkhhxkk,x*x*%

Report : library
Library: my_1lib

Rk Ik b Sk I R I R R R Sk S R R Sk b Ik b ik bk I

Library Type : Technology

Tool Created : 1999.05

Date Created : February 7, 1992
Library Version : 1.800000

Time Unit : 1ns

Capacitive Load Unit : 0.100000fE
Pulling Resistance Unit : lkilo-ohm
Voltage Unit : 1v

Current Unit : 1uA

Defining Fanout Loads on Output Ports

You can model the external fanout effects by specifying the expected fanout load values on
output ports with the set_fanout_1load command:

prompt> set_fanout_load 4 {outl}

Chapter 6: Defining the Design Environment
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Design Compiler tries to ensure that the sum of the fanout load on the output port plus the
fanout load of cells connected to the output port driver is less than the maximum fanout limit
of the library, library cell, and design.

Fanout load is not the same as load. Fanout load is a unitless value that represents a
numerical contribution to the total fanout. Load is a capacitance value. Design Compiler
uses fanout load primarily to measure the fanout presented by each input pin. An input pin
normally has a fanout load of 1, but it can have a higher value.

See Also

Defining Maximum Fanout

Setting Logic Constraints on Ports

To improve optimization results, you can set logic constraints on ports to eliminate redundant
ports or inverters by using the following methods:

Setting logic equivalence

Some input ports are driven by logically related signals. For example, the signals driving
a pair of input ports might always be the same (logically equal) or might always be
different (logically opposite). To specify that two input ports are logically equivalent or
logically opposite, use the set_equal Or set_opposite command, respectively.

The following example specifies that the IN_X and IN_Y ports are logically equal:

prompt> set_equal IN X IN Y

Assigning constant values to input ports

Setting a constant value to an input allows Design Compiler to simplify the surrounding
logic function during optimization and create a smaller design. To assign a don’t care,
logic 1, or logic 0 value to inputs in the current design, use the set_logic_dc,
set_logic_one, Or set_logic_zero command, respectively.

Figure 6-3 shows a simplified input port logic.

Figure 6-3 Simplified Input Port Logic
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The following example sets the A and B inputs to don't care and the IN input to logic 1:

prompt> set_logic_dc {A B}
prompt> set_logic_one IN

To reset the values set by these commands, use the remove_attribute command.

For more information, see Allowing Assignment of Any Signal to an Input and Specifying
Input Ports as Always One or Zero.

* Specifying unconnected output ports

If an output port is not used, that is, if it is unconnected, the logic driving the port can be
minimized or eliminated during optimization, as shown in Figure 6-4.

Figure 6-4 Minimizing Logic Driving an Unconnected Output Port

—

®» unused ——p ® unused

To specify output ports to be unconnected to outside logic, use he set_unconnected
command:

prompt> set_unconnected OUT

To undo this command, use the remove_attribute command.

Allowing Assignment of Any Signal to an Input

The set_logic_dc command specifies an input port driven by a dont_care to create smaller
designs during compile. After optimization, a port connected to a dont_care usually does not
drive anything inside the optimized design.

Use set_logic_dc to allow assignment of any signal to that input, including but not limited
to 0 and 1 during compilation. The outputs of the design are significant only when the inputs
that are not dont_care completely determine all the outputs, independent of the dont_care
inputs.

Use the set_logic_dc command on input ports:

prompt> set_logic_dc { A B }

For a 2:1 multiplexer design with inputs S, A, B, and output Z, the function is computed as

Z = S*A + S'*B

Chapter 6: Defining the Design Environment
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The command set_logic_dc B implies that the value of Z is significant when S = 1 and is
a don’t care when S = 0. The resulting simplification, done during compilation, gives the
reduced logic as a wire and the function is

Z = A
To undo this command, use the remove_attribute command.

To specify output ports as unused, use the set_unconnected command.

Specifying Input Ports as Always One or Zero

If an input port is always logic-high or -low, Design Compiler might be able to simplify the
surrounding logic function during optimization and create a smaller design.

You can specify that input ports are connected to logic 1 or logic 0:
* Tying input ports to logic 1

The set_logic_one command lists the input ports tied to logic 1. After optimization, a
port connected to logic 1 usually does not drive anything inside the optimized design.

Use the set_logic_one command on input ports. To specify output ports as unused,
use the set_unconnected command.

To undo this command, use the remove_attribute command.
e Tying input ports to logic 0

The set_logic_zero command lists input ports tied to logic 0. After optimization, a port
connected to logic 0 usually does not drive anything inside the optimized design.

Use the set_logic_zero command on input ports:

prompt> set_logic_one IN

To specify output ports as unused, use the set_unconnected command.

Wire Load Models

Wire load models are used only when Design Compiler is not operating in topographical
mode. Wire load models estimate the effect of wire length and fanout on the resistance,
capacitance, and area of nets. Design Compiler uses these physical values to calculate wire
delays and circuit speeds.

Semiconductor vendors develop wire load models, based on statistical information specific
to the vendors’ process. The models include coefficients for area, capacitance, and
resistance per unit length, and a fanout-to-length table for estimating net lengths (the
number of fanouts determines a nominal length).

Chapter 6: Defining the Design Environment
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Note:
You can also develop custom wire load models. For more information about developing
wire load models, see the Library Compiler documentation.

In the absence of back-annotated wire delays, Design Compiler uses the wire load models
to estimate net wire lengths and delays. Design Compiler determines which wire load model
to use for a design, based on the following factors, listed in order of precedence:

1. Explicit user specification
2. Automatic selection based on design area

3. Default specification in the logic library

If none of this information exists, Design Compiler does not use a wire load model. Without
a wire load model, Design Compiler does not have complete information about the behavior
of your target technology and cannot compute loading or propagation times for your nets;
therefore, your timing information will be optimistic.

In hierarchical designs, Design Compiler must also determine which wire load model to use
for nets that cross hierarchical boundaries. The tool determines the wire load model for
cross-hierarchy nets based on one of the following factors, listed in order of precedence:

1. Explicit user specification

2. Default specification in the logic library

3. Default mode in Design Compiler

For information about selecting wire load models for nets and designs, see
* Hierarchical Wire Load Models

¢ Determining Available Wire Load Models

e Specifying Wire Load Models and Modes

Hierarchical Wire Load Models

Design Compiler supports three modes for determining which wire load model to use for
nets that cross hierarchical boundaries:

e Top

Design Compiler models nets as if the design has no hierarchy and uses the wire load
model specified for the top level of the design hierarchy for all nets in a design and its
subdesigns. The tool ignores any wire load models set on subdesigns with the
set_wire_load_model command.

Use top mode if you plan to flatten the design at a higher level of hierarchy before layout.

Chapter 6: Defining the Design Environment
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Enclosed

Design Compiler uses the wire load model of the smallest design that fully encloses the
net. If the design enclosing the net has no wire load model, the tool traverses the design
hierarchy upward until it finds a wire load model. Enclosed mode is more accurate than
top mode when cells in the same design are placed in a contiguous region during layout.

Use enclosed mode if the design has similar logical and physical hierarchies.

Segmented

Design Compiler determines the wire load model of each segment of a net by the design
encompassing the segment. Nets crossing hierarchical boundaries are divided into
segments. For each net segment, Design Compiler uses the wire load model of the
design containing the segment. If the design contains a segment that has no wire load
model, the tool traverses the design hierarchy upward until it finds a wire load model.

Use segmented mode if the wire load models in your technology have been
characterized with net segments.

Figure 6-5 shows a sample design with a cross-hierarchy net, cross_net. The top level of the
hierarchy (design TOP) has a wire load model of 50x50. The next level of hierarchy (design
MID) has a wire load model of 40x40. The leaf-level designs, A and B, have wire load models
of 20x20 and 30x30, respectively.

Figure 6-5 Comparison of Wire Load Mode
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In top mode, Design Compiler estimates the wire length of net cross_net, using the 50x50
wire load model. Design Compiler ignores the wire load models on designs MID, A, and B.

In enclosed mode, Design Compiler estimates the wire length of net cross_net, using the
40x40 wire load model (the net cross_net is completely enclosed by design MID).

In segmented mode, Design Compiler uses the 20x20 wire load model for the net segment
enclosed in design A, the 30x30 wire load model for the net segment enclosed in design B,
and the 40x40 wire load model for the segment enclosed in design MID.

Determining Available Wire Load Models

Most logic libraries have predefined wire load models. To list the wire load models defined in
a logic library, use the report_1ib command. The library must be loaded in memory before
you run the report_1ib command. To see a list of libraries loaded in memory, use the
list_libs command.

The wire load report contains the following sections:

e Wire Loading Model section

This section lists the available wire load models.

* Wire Loading Model Mode section

This section identifies the default wire load mode. If a library default does not exist,
Design Compiler uses top mode.

* Wire Loading Model Selection Group section

The presence of this section indicates that the library supports automatic area-based
wire load model selection.

To generate a wire load report for the my_lib library, enter

dc_shell> read file my lib.db
dc_shell> report_1lib my 1lib

Example 6-3 shows the resulting wire load models report. The library my_lib contains three
wire load models: 05x05, 10x10, and 20x20. The library does not specify a default wire load
mode (so Design Compiler uses top as the default wire load mode), and it supports
automatic area-based wire load model selection.

Example 6-3 Wire Load Models Report

EEE I R R R I I I I I R R I I S I R R I R S I O

Report : library
Library: my lib

R I I I b R I I I I R I I S I R R I I S
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Wire Loading Model:

Name : 05x05
Location : my_lib
Resistance : 0
Capacitance : 1

Area : 0
Slope : 0.186

Fanout Length Points Average Cap Std Deviation

1 0.39
Name : 10x10
Location : my_lib
Resistance : 0
Capacitance : 1
Area : 0
Slope : 0.311
Fanout Length Points Average Cap Std Deviation
1 0.53
Name : 20x20
Location : my_lib
Resistance : 0
Capacitance : 1
Area : 0
Slope : 0.547

Fanout Length Points Average Cap Std Deviation

1 0.86
Wire Loading Model Selection Group:

Name : my_lib
Selection Wire load name
min area max area
0.00 1000.00 05x05
1000.00 2000.00 10x10
2000.00 3000.00 20x20

Version 1-2013.12

Specifying Wire Load Models and Modes

The logic library can define a default wire load model that is used for all designs
implemented in that technology. The default_wire_load library attribute identifies the

default wire load model for a logic library.

Some libraries support automatic area-based wire load selection. Design Compiler uses the
library function wire_load_selection to choose a wire load model based on the total cell
area. The wire load model selected the first time you compile is used in subsequent

compiles.

Chapter 6: Defining the Design Environment
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For large designs with many levels of hierarchy, automatic wire load selection can increase
runtime. To manage runtime, set the wire load manually.

You can turn off automatic selection of the wire load model by setting the
auto_wire_load_selection variable to false:

dc_shell> set auto wire_ load selection false

The logic library can also define a default wire load mode. The default_wire_load_mode
library attribute identifies the default mode. If the current library does not define a default
mode, Design Compiler looks for the attribute in the libraries specified in the 1ink_library
variable. In the absence of a library default and an explicit specification, Design Compiler
uses the top mode, which sets the wire load model to the top-level design.

To change the wire load model or mode specified in a logic library, use the
set_wire_load_model and set_wire_load_mode commands. The wire load model and
mode you define override all defaults. Explicitly selecting a wire load model also disables
area-based wire load model selection for that design.

The following example selects the 10x10 wire load model:

dc_shell> set_wire_load_model "10x10"

The following example selects the 10x10 wire load model and specifies enclosed mode:

dc_shell> set_wire load mode enclosed

The wire load model you choose for a design depends on how that design is implemented
in the chip. Consult your semiconductor vendor to determine the best wire load model for
your design.

Use the report_design command or the report_timing command to see the wire load
model and mode defined for the current design.

To remove the wire load model, use the remove_wire_ load model command with no model
name.
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Defining the Environment Using Topographical Mode

In topographical mode, Design Compiler derives the virtual layout of the design so that the
tool can accurately predict and use real net capacitances instead of statistical net
approximations based on wire load models. In ultra deep submicron designs, interconnect
parasitics have a major effect on path delays; accurate estimates of resistance and
capacitance are necessary to calculate path delays.

In topographical mode, you can specify
e Power Optimization

* Multivoltage Designs

* Low Power Intent

e Multicorner-Multimode Designs

Note:
Do not specify wire load models. If you do, Design Compiler ignores them.

Sometimes Design Compiler in topographical mode and IC Compiler have different
environment settings. These differences can lead to correlation problems. To help fix
correlation issues between Design Compiler in topographical mode and IC Compiler, use
the write_environment command. For more information, see Comparing Design Compiler
Topographical and IC Compiler Environments.

Power Optimization

Design Compiler in topographical mode can perform power correlation. Power correlation is
performed by estimating the clock tree power in Design Compiler.

Power prediction is performed if any gate-level power optimizations are enabled by the
following commands:

® set_dynamic_optimization
® set_leakage_optimization

¢ compile_ultra -gate_clock

In addition, you can use the set_power_prediction command with the -ct_references
option to specify clock tree references to improve correlation. The set_power_prediction
command enables the tool to correlate post-synthesis power numbers with those after clock
tree synthesis. To disable power prediction, set the set_power_prediction command to
false.
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The report_power command splits the power numbers into two categories: netlist power
(based on cells already in the design) and estimated power (an estimate of the clock tree
power).

To perform power correlation in topographical mode, run a script similar to the following:

read_ddc top_elaborated.ddc

source top_constraint.sdc
source physical_constraints.tcl

## Set power optimization constraints
set_leakage_optimization true
compile_ultra -gate_clock -scan

report_power
write_file -format ddc -output synthesized.ddc

See Also

* The Power Compiler User Guide for more information about power correlation

Multivoltage Designs

Design Compiler in topographical mode supports power optimization and power correlation
for single voltage and multivoltage designs. For multivoltage designs, the subdesign
instances (blocks) operate at different voltages. To reduce power consumption, multivoltage
designs typically make use of power domains. The blocks of a power domain can be
powered up and down, independent of the power state of other power domains (except
where a relative always-on relationship exists between two power domains). In particular,
power domains can be defined and level shifter and isolation cells can be used as needed
to adjust voltage differences between power domains and to isolate shut-down power
domains.

A power domain is defined as a grouping of one or more hierarchical blocks in a design that
share the following:

* Primary voltage states or voltage range (that is, the same operating voltage)
* Power net hookup requirements

* Power-down control and acknowledge signals (if any)

* Power switching style

* Same process, voltage, and temperature (PVT) operating condition values (all cells of
the power domain except level shifters)

e Same set or subset of nonlinear delay model (NLDM) target libraries
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Using IEEET™ 1801 Unified Power Format (UPF) Standard commands, you can specify the
power domains of the design and the desired multivoltage implementation and verification
strategies for each domain, including the domain’s isolation cells, retention cells, and level
shifters. During a compile operation, Design Compiler automatically inserts these power
management cells according to the specified strategies. The same set of UPF commands
can be used throughout the design, analysis, verification, and implementation flow.

Power domains are not voltage areas. A power domain is a grouping of logic hierarchies,
whereas the corresponding voltage area is a physical placement area into which the cells of
the power domain’s hierarchies are placed. This correspondence is not automatic. You are
responsible for correctly aligning the hierarchies to the voltage areas. You use the
create_voltage_area command to set voltage areas.

Note:
Because multivoltage designs use power domains, these designs usually require that
certain library cells are marked as always-on cells and certain library cell pins are
marked as always-on library cell pins. These always-on attributes are necessary to
establish any always-on relationships between power domains. For more information,
see the Power Compiler User Guide.

See Also

e The Power Compiler User Guide for descriptions of the principal power domain
commands

Low Power Intent

The IEEE 1801, also known as Unified Power Format (UPF), standard establishes a set of
commands used to specify the low-power design intent for electronic systems. Using UPF
commands, you can specify the power domains of the design and the desired multivoltage
implementation and verification strategies for each domain, including the domain’s isolation
cells, retention cells, and level shifters. During a compile operation, Design Compiler
automatically inserts these power management cells according to the specified strategies.
The same set of UPF commands can be used throughout the design, analysis, verification,
and implementation flow. A Power Compiler license is required for using UPF commands in
Design Compiler.

Power optimization for multicorner-multimode designs is supported. However, it is only
supported in Design Compiler Graphical. Use the set_leakage optimization and
set_dynamic_optimization commands to setthe leakage and dynamic power constraints
on specific scenarios of a multicorner-multimode design.

Chapter 6: Defining the Design Environment
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See Also

e The Power Compiler User Guide

Provides information about using UPF commands and details about
multicorner-multimode design optimization and the UPF flow for multicorner-multimode
design optimization

Multicorner-Multimode Designs

Designs are often required to operate under multiple modes, such as test or standby mode,
and multiple operating conditions, sometimes referred to as corners. Such designs are
referred to as multicorner-multimode designs. Design Compiler Graphical can analyze and
optimize across multiple modes and corners concurrently. The multicorner-multimode
feature in Design Compiler Graphical provides compatibility between flows in Design
Compiler and IC Compiler.

To define your modes and corners, you use the create_scenario command. A scenario
definition usually includes commands that specify the TLUPIus libraries, operating
conditions, and constraints.

See Also

* Optimizing Multicorner-Multimode Designs

Comparing Design Compiler Topographical and IC Compiler
Environments

Sometimes Design Compiler in topographical mode and IC Compiler have different
environment settings. These differences can lead to correlation problems. To help fix these
correlation issues, use the consistency_checker command in your UNIX shell to compare
the respective environments.

Before you can compare the two environments, you need to determine the environments of
each tool. To do this, use the write_environment command as shown in Example 6-4 and
Example 6-5. Use the -output option to specify the name of your output report. In Design
Compiler, run the write_environment command before compile_ultra;in IC Compiler,
run the write environment command before place opt.

Example 6-4 Using write_environment in Design Compiler

dc_shell-topo> write_environment -consistency -output DCT.env
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Example 6-5 Using write_environment in IC Compiler

icc_shell> write_environment -consistency -output ICC.env

After you have the environments for each tool, compare the environments using the
consistency_checker command, as shown in Example 6-6.

Example 6-6 Comparing Design Compiler and IC Compiler Environments

unix_shell> consistency checker -filel DCT.env —-file2 ICC.env \
-folder temp \
-html html_ report | tee cc.log

The resulting HTML output report lists mismatched commands and variables. In

Example 6-6, the HTML output report is written to the ./html_report directory. To access this
report, open the ./html_report/index.html file in any Web browser. To reduce correlation
problems, fix these mismatches before proceeding to optimization.

In addition to the HTML output report, the tool prints a summary report to the shell while the
consistency_checker command is running. You can use the UNIX tee command, as
shown in Example 6-6, to save this report to a file. In Example 6-6, the report is saved to the
Jcc.log file.

Note:
The ./temp directory stores intermediate files the tool uses when executing the
consistency_checker command. After the command completes, you can remove the
Jtemp directory.

See Also

e SolvNet article 026366, “Using the Consistency Checker to Automatically Compare
Environment Settings Between Design Compiler and IC Compiler”
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Defining Design Constraints

Constraints are declarations that define your design’s goals in measurable circuit
characteristics, such as timing, area, and capacitance. Design Compiler needs these
constraints to effectively optimize the design.

To learn the concepts and tasks necessary for defining design constraints, see

Constraint Types

Design Rule Constraints
Optimization Constraints
Managing Constraint Priorities
Reporting Constraints

Propagating Constraints in Hierarchical Designs

7-1
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Constraint Types
When Design Compiler optimizes your design, it uses two types of constraints:

* Design Rule Constraints

The logic library defines these implicit constraints. These constraints are required for a
design to function correctly. They apply to any design that uses the library. By default,
design rule constraints have a higher priority than optimization constraints.

e Optimization Constraints

You define these explicit constraints. Optimization constraints apply to the design on
which you are working for the duration of the dc_shell session and represent the design’s
goals. During optimization, Design Compiler attempts to meet these goals, but no design
rules are violated by the process. To optimize a design correctly, you must set realistic
constraints.

You specify constraints interactively on the command line or in a constraints file. Design
Compiler tries to meet both design rule constraints and optimization constraints, but design
rule constraints take precedence.

Figure 7-1 shows the major Design Compiler design rule constraints and optimization
constraints and the dc_shell interface commands to set the constraints.

Chapter 7: Defining Design Constraints
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Figure 7-1 Major Design Compiler Constraints
Design Rule
Constraints
| |
Maximums:
Transition Time Cell Minimum
Fanout Degradation Capacitance
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set_cell_degradation
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Optimization
Constraints

Area

Speed

set_max_area

set_max_transition

set_min_capacitance
set_max_fanout — —cap

set_max_capacitance

create_clock
set_input_delay

set_max_delay
set_min_delay

Note:

set_output_delay

If you use the Power Compiler tool, you can also use the max_dynamic_power and
max_leakage_power optimization constraints. To use these constraints, you need a
Power Optimization license and supporting libraries characterized for power.

See Also

* Managing Constraint Priorities

Design Rule Constraints

Design rule constraints reflect technology-specific restrictions that your design must meet to
function as intended. Design rules constrain the nets of a design but are associated with the
pins of cells from a logic library. Most logic libraries specify default design rules.

Typical design rules constrain transition times, fanout loads, and capacitances. You can also
specify additional design rules. Design Compiler cannot violate design rule constraints, even
if it means violating optimization constraints (delay and area goals). You can apply more

restrictive design rules, but you cannot apply less restrictive ones.

Chapter 7: Defining Design Constraints
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These are the design rule constraint types:
e Maximum Transition Time

* Maximum Fanout

e Maximum Capacitance

e Minimum Capacitance

* Cell Degradation

¢ Connection Class

You cannot remove the max_transition, max_fanout, max_capacitance, and
min_capacitance attributes set in a logic library, because they are required, but you can set
stricter values.

For information about fixing design rule violations, see
¢ Fixing Design Rule Violations

e Disabling DRC Violation Fixing on Special Nets

See Also
e Summary of Design Rule Commands and Objects
* Design Rule Constraint Precedence

* Design Rule Scenarios

Maximum Transition Time

Maximum transition time is a design rule constraint. The maximum transition time for a net
is the longest time required for its driving pin to change logic values. Many logic libraries
contain restrictions on the maximum transition time for a pin, creating an implicit transition
time limit for designs using that library.

Design Compiler attempts to make the transition time of each net less than the
max_transition value, for example, by buffering the output of the driving gate. The
max_transition value can vary with the operating frequency of a cell.

Transition times on nets are computed by use of timing data from the logic library.

To change or add to the implicit transition time values from a logic library, use the
set_max_transition command.

If both a library max_transition and a design max_transition attribute are defined,
Design Compiler tries to meet the smaller (more restrictive) value.

Chapter 7: Defining Design Constraints
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If your design uses multiple logic libraries and each has a different default max_transition
value, Design Compiler uses the smallest max_transition value globally across the
design.

Defining Maximum Transition Time

The set_max_transition command sets the max_transition attribute to the specified
value on clock groups, ports, or designs. During compile, Design Compiler attempts to
ensure that the transition time for a net is less than the specified value.

The following example sets a maximum transition time of 3.2 for the adder design:

prompt> set_max_transition 3.2 [get_designs adder]

To undo a set_max_transition command, use the remove_attribute command:

prompt> remove_attribute [get_designs adder] max transition

Specifying Clock-Based Maximum Transition

The max_transition value can vary with the operating frequency of a cell. The operating
frequency of a cell is defined as the highest clock frequency on the registers driving a cone
of logic (clock frequencies are defined with the create_clock command).

For designs with multiple clock domains, you can use the set_max_transition command
to set the max_transition attribute on pins in a specific clock group.

Design Compiler follows these rules in determining the max_transition value:

* When the max_transition attribute is set on a design or port and a clock group, the
most restrictive constraint is used.

¢ |f multiple clocks launch the same paths, the most restrictive constraint is used.

* Ifmax_transition attributes are already specified in a logic library, the tool
automatically attempts to meet these constraints during compile.

For example the following command sets a max_transition value of 5 on all pins belonging
to the Clk clock group:

prompt> set_max_transition 5 [get_clocks Clk]

Chapter 7: Defining Design Constraints
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Maximum Fanout

Maximum fanout is a design rule constraint. Most logic libraries place fanout restrictions on
driving pins, creating an implicit fanout constraint for every driving pin in designs using that
library.

You can set a more conservative fanout constraint on an entire library or define fanout
constraints for specific pins in the library description of an individual cell.

If a library fanout constraint exists and you specify a max_fanout attribute, Design Compiler
tries to meet the smaller (more restrictive) value.

Design Compiler models fanout restrictions by associating a fanout_1oad attribute with
each input pin and a max_fanout attribute with each output (driving) pin on a cell, as shown
in Figure 7-2.

Figure 7-2 fanout_load and max_fanout Attributes

fanout_load :1.0 |
X max_fanout : 13.0

fanout_load :2.0 —

To evaluate the fanout for a driving pin (such as X in Figure 7-2), Design Compiler calculates
the sum of all the fanout_1oad attributes for inputs driven by pin X and compares that
number with the number of max_fanout attributes stored at the driving pin X.

¢ |f the sum of the fanout loads is not more than the max_fanout value, the net driven by
X is valid.

e If the net driven by X is not valid, Design Compiler tries to make that net valid, perhaps
by choosing a higher-drive component.

Chapter 7: Defining Design Constraints
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Maximum Fanout Calculation Example
Figure 7-3 shows how maximum fanout is calculated.
Figure 7-3 Calculation of Maximum Fanout

fanout_load:

1.0 D .
Driving Pin 1.0 D o
OUT1

Z > set_fanout_load 3.0
_/ set_max_fanout 8

U3:NR6

fanout_load:2.0 D

You can set a maximum fanout constraint on every driving pin and input port as follows:

prompt> set_max_fanout 8 [get_designs ADDER]

To check whether the maximum fanout constraint is met for driving pin Z, Design Compiler
compares the specified max_fanout attribute against the fanout load.

In this case, the design meets the constraints.

Total Fanout Load
8>1.0+1.0+3.0+2.0

7

The fanout load imposed by a driven cell (U3) is not necessarily 1.0. Library developers can
assign higher fanout loads (for example, 2.0) to model internal cell fanout effects.

You can also set a fanout load on an output port (OUT1) to model external fanout effects.

Fanout load is a dimensionless number, not a capacitance. It represents a numerical
contribution to the total effective fanout.

Defining Maximum Fanout

The set_max_fanout command sets the maximum allowable fanout load for the listed input
ports. The set_max_fanout command sets a max_fanout attribute on the listed objects.

To undo a maximum fanout value set on an input port or design, use the remove_attribute
command. For example,

prompt> remove_attribute [get_ports port_name] max_fanout
prompt> remove_attribute [get_designs design name] max fanout

Chapter 7: Defining Design Constraints
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Defining Expected Fanout for Output Ports
The set_fanout_load command sets the expected fanout load value for listed output ports.

Design Compiler adds the fanout value to all other loads on the pin driving each port in
port_1ist and tries to make the total load less than the maximum fanout load of the pin.

To undo a set_fanout_load command set on an output port, use the remove_attribute
command:

prompt> remove_attribute port_ name fanout_load

To determine the fanout load, use the get_attribute command. For example, to find the
fanout load on the input pin of library cell AND2 in library libA, enter

prompt> get_attribute "libA/AND2/i" fanout_load

To find the default fanout load set on logic library libA, enter

prompt> get_attribute 1libA default_fanout_load

Maximum Capacitance

Maximum capacitance is a design rule constraint. It is set as a pin-level attribute that defines
the maximum total capacitive load that an output pin can drive. That is, the pin cannot
connect to a net that has a total capacitance (load pin capacitance and interconnect
capacitance) greater than or equal to the maximum capacitance defined at the pin.

The maximum capacitance design rule constraint allows you to control the capacitance of
nets directly. (The design rule constraints max_fanout and max_transition limit the actual
capacitance of nets indirectly.) The max_capacitance constraint operates similarly to
max_transition, but the cost is based on the total capacitance of the net, rather than the
transition time. The max_capacitance attribute functions independently, so you can use it
With max_fanout and max_transition.

The max_capacitance value can vary with the operating frequency of a cell. You can have
Design Compiler annotate each driver pin with a frequency-based max_capacitance value
by setting the compile_enable_dyn max_cap variable to true. For more information, see
Specifying Frequency-Based Maximum Capacitance.

The max_capacitance constraint has priority over the cell degradation constraint.

If both a library max_capacitance attribute and a design max_capacitance attribute exist,
Design Compiler tries to meet the smaller (more restrictive) value.

Chapter 7: Defining Design Constraints
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Defining Maximum Capacitance

The set_max_capacitance command sets a maximum capacitance for the nets attached to
named ports or to all the nets in a design. This command allows you to control capacitance
directly and places a max_capacitance attribute on the listed objects.

Design Compiler calculates the capacitance on a net by adding the wire capacitance of the
net to the capacitance of the pins attached to the net. To determine whether a net meets the
capacitance constraint, Design Compiler compares the calculated capacitance value with
the max_capacitance value of the pin driving the net.

Use the set_max_capacitance command to specify a capacitance value on input ports or
designs. This value should be less than or equal to the max_capacitance value of the pin
driving the net.

To set a maximum capacitance of 3 for the design adder, enter

prompt> set_max_capacitance 3 [get_designs adder]

To undo a set_max_capacitance command, use the remove_attribute command:

prompt> remove_attribute [get_designs adder] max capacitance

Specifying Frequency-Based Maximum Capacitance

The max_capacitance value can vary with the operating frequency of a cell. You can have
Design Compiler annotate each driver pin with a frequency-based max_capacitance value
by setting the compile_enable_dyn_max_cap variable to true.

Before you use this feature, your logic library should be characterized for multiple
frequencies. This characterization consists of associating a max_capacitance value with
each driver pin for each frequency and capturing this information in a one-dimensional
lookup table. For information about creating the max_capacitance lookup table, see the
Library Compiler documentation.

Design Compiler follows these steps in determining the max_capacitance value:

1. It identifies the operating frequency of each cell.

The operating frequency of a cell is defined as the highest clock frequency on the
registers driving a cone of logic (clock frequencies are defined with the create_clock
command).

2. Itlooks up the corresponding max_capacitance value for the identified frequency from
the lookup table in the logic library.

3. Itannotates each driver pin with the appropriate max_capacitance value and uses these
values in synthesis.

Chapter 7: Defining Design Constraints
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Minimum Capacitance

Minimum capacitance is a design rule constraint. Some logic libraries specify minimum
capacitance. The min_capacitance design rule specifies the minimum load a cell can drive.
It specifies the lower bound of the range of loads with which a cell has been characterized
to operate. During optimization, Design Compiler ensures that the load driven by a cell
meets the minimum capacitance requirement for that cell. When a violation occurs, Design
Compiler fixes the violation by sizing the driver.

You can use the min_capacitance design rule with the existing design rules. The
min_capacitance design rule has higher priority than the maximum transition time,
maximum fanout, and maximum capacitance constraints.

You can set a minimum capacitance for nets attached to input ports to determine whether
violations occur for driving cells at the input boundary. If violations are reported after
compilation, you can fix the problem by recompiling the module driving the ports. Use the
set_min_capacitance command to set minimum capacitance on input or inout ports; you
cannot set minimum capacitance on a design.

If library min_capacitance and design min_capacitance attributes both exist, Design
Compiler tries to meet the larger (more restrictive) value.

Defining Minimum Capacitance

The set_min_capacitance command sets a defined minimum capacitance value on listed
input or bidirectional ports. To set a minimum capacitance for nets attached to input or
bidirectional ports, use the set_min_capacitance command.

To set a minimum capacitance value of 12.0 units on the port named high_drive, enter

prompt> set_min capacitance 12.0 high_drive

To report only minimum capacitance constraint information, use the -min_capacitance
option with the report_constraint command.

To get information about the current port settings, use the report_port command.

To undo a set_min_capacitance command, use the remove_attribute command.

Cell Degradation

Cell degradation is a design rule constraint. Some logic libraries contain cell degradation
tables. The tables list the maximum capacitance that can be driven by a cell as a function of
the transition times at the inputs of the cell.

The cell_degradation design rule specifies that the capacitance value for a net is less
than the cell degradation value. The cel1_degradation design rule can be used with other

Chapter 7: Defining Design Constraints
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design rules, but the max_capacitance design rule has a higher priority than the
cell_degradation design rule. If the max_capacitance rule is not violated, applying the
cell_degradation design rule does not cause it to be violated.

The set_cell_degradation command sets the cel1_degradation attribute to a specified
value on specified input ports.

During compilation, if ce11_degradation tables are specified in a logic library, Design
Compiler tries to ensure that the capacitance value for a net is less than the specified value.
The cell_degradation tables give the maximum capacitance that a cell can drive, as a
function of the transition times at the inputs of the cell.

If cell_degradation tables are not specified in a logic library, you can set ce11_degradation
explicitly on the input ports.

By default, a port has no cell_degradation constraint.

Note:
Use of the set_cell_degradation command requires a DC Ulira license.

This command sets a maximum capacitance value of 2.0 units on the port named late_riser:

prompt> set_cell degradation 2.0 late_riser

To get information about optimization and design rule constraints, use the
report_constraint command.

To remove the cell degradation attribute, use the remove attribute command.

Connection Class

The connection class constraint on a port describes the connection requirements for a given
technology. Only loads and drivers with the same connection class label can be legally
connected. You can specify this constraint, or it can be specified in the library. To set a
connection class constraint on a port, use the set_connection_class command.

Summary of Design Rule Commands and Objects

Table 7-1 summarizes the design rule commands and the objects on which to set them.
Table 7-1 Design Rule Command and Object Summary

Command Object
set_max_fanout Input ports or designs
set_fanout_load Output ports
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Table 7-1 Design Rule Command and Object Summary (Continued)

Command Object
set_load Ports or nets
set_max_transition Ports or designs
set_cell_degradation Input ports
set_min_capacitance Input ports

Fixing Design Rule Violations

Design Compiler helps you fix design rule violations. If there are multiple violations, Design
Compiler tries to fix the violation with the highest priority first. When possible, it also
evaluates and selects alternatives that reduce violations of other design rules. Design
Compiler uses the same approach with delay violations.

Figure 7-4 shows the design rule cost function equation.

Figure 7-4 Design Rule Cost Equation
m

d. 0 i = Index
Zmax( i’ ) X Wi d = Delta Constraint
i=1 m = Total Number of Constraints

w = Constraint Weight

In a compilation report, the DESIGN RULE COST field reports the cost function for the
design rule constraints on the design.

See Also
* Disabling DRC Violation Fixing on Special Nets

* Managing Constraint Priorities
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Disabling DRC Violation Fixing on Special Nets

To enable or disable DRC violation fixing on clock, constant, or scan nets, use the
set_auto_disable_drc_nets command. The command acts on all the nets of a given type
in the current design; that is, depending on the options you specify, it acts on all the clock
nets, all the constant nets, all the scan nets, or on any combination of these three net types.
Nets that have DRC violation fixing disabled are marked with the auto_disable_drc_nets
attribute.

By default, the clock and constant nets of a design have DRC violation fixing disabled. This
is the same as using the -default option of the command; the scan nets do not. You can
use the -a11 option to disable DRC violation fixing on all three net types.

Alternatively, you can independently disable or enable DRC violation fixing for the clock nets,
constant nets, or scan nets by assigning a true or false value to the -on_clock_network,
-constant, OF -scan options, respectively. You can use the -none option to enable DRC
violation fixing on all three types of nets.

It is recommended that you use the -on_clock_network option instead of the -clock
option to enable or disable DRC violation fixing for the clock network. The -clock option is
supported for backward compatibility. However, it is set to true by default, meaning that it
automatically disables DRC violation fixing on clock networks. As shown in Figure 7-5, the
-clock option starts at register clock pins and propagates back, but not through, the logic
on the clock tree. Optimization might buffer non-DRC disabled clock nets upstream of
existing clock logic.

To correctly disable DRC violation fixing on the entire clock tree, use the
-on_clock_network option setto true, also shown in Figure 7-5. The option is setto false
by default. The default setting has not been changed to true to avoid affecting existing
flows.

If both the -on_clock_network option and the -c1lock option are set to true, the effect is
the same as using the -on_clock_network option alone; the -on_clock_network option
overrides the -clock option in this case.

Figure 7-5 shows DRC violation fixing disabled for clock nets by the -c1ock option (on the
left) and by the -on_clock_network option (on the right). The DRC-disabled clock nets are
represented by dashed lines.
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Figure 7-5 DRC Violation Fixing Disabled for Clock Nets
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Clock nets are ideal nets by default. Using the set_auto_disable_drc_nets command to
enable design rule fixing does not affect the ideal timing properties of clock nets. You must
use the set_propagated_clock command to affect the ideal timing of clock nets.

You cannot use the set_auto_disable_drc_nets command to override disabled design
rule fixing on ideal networks marked with ideal network attributes. This command never
overrides the settings specified by the set_ideal_net Or set_ideal_network command.

See Also

* Fixing Design Rule Violations

Design Rule Constraint Precedence

Design Compiler follows this descending order of precedence when it tries to resolve
conflicts among design rule constraints:

1. Minimum capacitance

. Maximum transition

2

3. Maximum fanout

4. Maximum capacitance
5

. Cell degradation
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The following rules determine the precedence of design rule constraints:

Maximum transition has precedence over maximum fanout. If a maximum fanout
constraint is not met, investigate the possibility of a conflicting maximum transition
constraint. Design Compiler does not make a transition time worse to fix a maximum
fanout violation.

Maximum fanout has precedence over maximum capacitance.

Design Compiler calculates transition time for a net in two ways, depending on the library.

®)

For libraries using the CMOS delay model, Design Compiler calculates the transition
time by using the drive resistance of the driving cell and the capacitive load on the
net.

For libraries using a nonlinear delay model, Design Compiler calculates the transition
time by using table lookup and interpolation. This is a function of capacitance at the
output pin and of the input transition time.

The set_driving _cell and set_drive commands behave differently, depending on
your logic library.

®)

For libraries using the CMOS delay model, drive resistance is a constant. In this case,
the set_drive command and the set_driving_cell command give the same
result.

For libraries using a nonlinear delay model, the set_driving_cell command
calculates the transition time dynamically, based on the load from the tables. The
set_drive command returns one value when the command is issued and uses a
value from the middle of the range in the tables for load.

Both the set_driving_cell and the set_drive commands affect the port transition delay.
The set_driving_cell command places the design rule constraints, annotated with the
driving cell, on the affected port.

The set_load command places a load on a port or a net. The units of this load must be
consistent with your logic library. This value is used for timing optimizations, not for
maximum fanout optimizations.

See Also

Managing Constraint Priorities
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Design Rule Scenarios
Typical design rule scenarios are
* set_max_fanout and set_max_transition commands

® set _max_fanout and set_max_capacitance commands

Typically, a logic library specifies a default max_transition Or max_capacitance, but not
both. To achieve the best result, do not mix max_transition and max_capacitance.

Optimization Constraints

Optimization constraints represent speed and area design goals and restrictions that you
want but that might not be crucial to the operation of a design. Speed (timing) constraints
have higher priority than area. By default, optimization constraints are secondary to design
rule constraints. However, that priority can be changed; see Managing Constraint Priorities.

The optimization constraints consist of

e |nput and output delays (timing constraints)

e Minimum and maximum delay (timing constraints)
e Maximum area

To define optimization constraints, see

* Defining Timing Constraints

* Defining Area Constraints

See Also

e Optimization Cost Function
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Optimization Cost Function

During the first phase of mapping, Design Compiler works to reduce the optimization cost
function. Design Compiler evaluates this function to determine whether a change to the
design improves the cost.

The full optimization cost function takes into account the following components, listed in
order of importance. Not all components are active on all designs.

e Maximum delay cost
¢ Minimum delay cost

e Maximum area cost

Design Compiler evaluates cost function components independently in order of importance
and accepts an optimization move if it decreases the cost of one component without
increasing more-important costs. For example, an optimization move that improves
maximum delay cost is always accepted. Optimization stops when all costs are zero or no
further improvements can be made to the cost function.

Defining Timing Constraints

When defining timing constraints you should consider that your design has synchronous
paths and asynchronous paths. Synchronous paths are constrained by specifying clocks in
the design. Use the create_clock command to specify a clock. After specifying the clocks,
it is recommended you also specify the input and output port timing specifications. Use the
set_input_delay and set_output_delay commands.

Asynchronous paths are constrained by specifying minimum and maximum delay values.
Use the set_max_delay and set_min_delay commands to specify these point-to-point
delays.

For information about maximum and minimum delay calculation, see
e Maximum Delay

e Minimum Delay

See Also

* The Synopsys Timing Constraints and Optimization User Guide
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Maximum Delay

Maximum delay is an optimization constraint. Design Compiler contains a built-in static
timing analyzer for evaluating timing constraints. A static timing analyzer calculates path
delays from local gate and interconnect delays but does not simulate the design. The Design
Compiler timing analyzer performs critical path tracing to check minimum and maximum
delays for every timing path in the design. The most critical path is not necessarily the
longest combinational path in a sequential design, because paths can be relative to different
clocks at path startpoints and endpoints.

The timing analyzer calculates minimum and maximum signal rise and fall path values
based on the timing values and environmental information in the logic library.

Cost Calculation

Maximum delay is usually the most important portion of the optimization cost function. The
maximum delay optimization cost guides Design Compiler to produce a design that
functions at the speed you want.

The maximum delay cost includes multiple parts. Figure 7-6 shows the maximum delay cost
equation.

Figure 7-6 Cost Calculation for Maximum Delay

m
zv_ < W i =Index
I I v = worst violation

i=1 m = number of path groups

w = weight

Maximum delay target values for each timing path in the design are automatically
determined after considering clock waveforms and skew, library setup times, external
delays, multicycle or false path specifications, and set_max_delay commands. Load, drive,
operating conditions, wire load model, and other factors are also taken into account.

The maximum delay cost is affected by how paths are grouped by the group_path and
create_clock commands.

* If only one path group exists, the maximum delay cost is the cost for that group: the
amount of the worst violation multiplied by the group weight.

e If multiple path groups exist, the costs for all the groups are added together to determine
the maximum delay cost of the design. The group cost is always zero or greater.

Delta = max(delta(pinl), delta(pin2), ... delta(pinN))
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Minimum Delay

Minimum delay is an optimization constraint, but Design Compiler fixes the minimum delay
constraint when it fixes design rule violations. Minimum delay constraints are set explicitly
with the set_min_delay command or set implicitly due to hold time requirements.

The minimum delay to a pin or port must be greater than the target delay.

Design Compiler considers the minimum delay cost only if the set_fix_hold command is
used.

If fix_hold is not specified on any clocks, the minimum delay cost is not considered during
compilation. If fix_hold ormin_delay is specified, the minimum delay cost is a secondary
optimization cost.

set_min_delay

Defines a minimum delay for timing paths in the design.

set_fix hold

Directs Design Compiler to fix hold violations at registers during compilation. You can
override the default path delay for paths affected by set_fix_hold, by using the
set_false_path Or set_multicycle_path commands.

Hold time violations are fixed only if the set_fix_hold command is applied to related
clocks.

Cost Calculation

The minimum delay cost for a design is different from the maximum delay cost. The
minimum delay cost is not affected by path groups, and all violations contribute to the cost.
Figure 7-7 shows the minimum delay cost equation.

Figure 7-7 Cost Calculation for Minimum Delay

m i= index
ZV_ m = humber of paths affected by
: set_min_delay or set_fix_hold
i=1 v = minimum delay violation

max(0,required_path_delay - actual_path_delay)

The minimum delay cost function has the same delta for single pins or ports and multiple
pins or ports.

Delta = min_delay - minimum delay(pin or port)
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Defining Area Constraints

Maximum area is an optimization constraint. Maximum area represents the number of gates
in the design, not the physical area the design occupies. Usually the area requirements for
the design are stated as the smallest design that meets the performance goal. Defining a
maximum area directs Design Compiler to optimize the design for area after timing
optimization is complete.

The set_max_area command specifies the maximum allowable area for the current design.
Design Compiler computes the area of a design by adding the areas of each component on
the lowest level of the design hierarchy (and the area of the nets).

Design Compiler ignores the following components when it calculates circuit area:
e Unknown components
e Components with unknown areas

¢ Technology-independent generic cells

The area of a cell (component) is technology-dependent and obtained from the logic library.

Cost Calculation

The maximum-area cost equation is

cost = max (0, current area - max_area)

Defining Maximum Area

The set_max_area command specifies an area target and places a max_area attribute on
the current design:

prompt> set_max area 0.0
prompt> set_max_area 14.0

Determining the smallest design can be helpful. The following script guides Design Compiler
to optimize for area only. It constrains a design only for minimum area, when you do not care
about timing. For the timing to make sense, you must apply clocking and input and output
delay.

# Example script for smallest design
remove_constraint -all

remove_clock -all

set_max_area 0
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Managing Constraint Priorities

During optimization, Design Compiler uses a cost vector to resolve any conflicts among
competing constraint priorities. Table 7-2 shows the default order of priorities. The table
shows that, by default, design rule constraints have priority over optimization constraints.
However, you can reorder the priorities of the constraints listed in bold type by using the
set_cost_priority command.

Table 7-2 Constraints Default Cost Vector

Priority (descending order) Notes

connection classes

multiple_port_net_cost

min_capacitance Design rule constraint
max_transition Design rule constraint
max_fanout Design rule constraint
max_capacitance Design rule constraint
cell_degradation Design rule constraint
max_delay Optimization constraint
min_delay Optimization constraint
power Optimization constraint
area Optimization constraint
cell count

The following are circumstances under which you might want to move the optimization
constraint max_delay ahead of the maximum design rule constraints.

* In many logic libraries, the only significant design rule violations that cannot be fixed
without hurting delay are overconstrained nets, such as input ports with large external
loads or around logic marked dont_touch. Placing max_delay ahead of the design rule
constraints in priority allows these design rule constraint violations to be fixed in a way
that does not hurt delay. Design Compiler might, for example, resize the drivers in
another module.
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¢ |n compilation of a small block of logic, such as an extracted critical region of a larger
design, the possibility of overconstraints at the block boundaries is high. In this case,
design rule fixing might better be postponed until the small block has been regrouped
into the larger design.

To prioritize the max_delay constraint ahead of the maximum design rule constraints, enter

prompt> set_cost_priority -delay

To assign top priority t0 max_capacitance, max_delay, and max_fanout—in that
order—enter

prompt> set_cost_priority {max_capacitance max_delay max_fanout}

Design Compiler assigns any costs you do not list to a lower priority than the costs you do
list. This example does not list max_transition, cell_degradation, Or min_delay, SO
Design Compiler assigns them priority following max_fanout.

If you specify set_cost_priority more than one time on a design, Design Compiler uses
the most recent setting.

Reporting Constraints

To report the constraint values in the current design to check design rules and optimization
goals, use the report_constraint command.

The constraint report lists the following for each constraint in the current design:
* Whether the constraint was met or violated and by how much
* The design object that is the worst violator

e The maximum delay information, showing cost by path group. This includes violations of
setup time on registers or ports with output delay as well as violations of the
set_max_delay command.

e The minimum delay cost, which includes violations of hold time on registers or ports with
output delay as well as violations of the set_min_delay command.

The constraint report summarizes the constraints in the order in which you set the priorities.
Constraints not present in your design are not included in the report.

To include more information in a constraint report, use the -verbose option with the
report_constraint command. To list all constraint violators, use the report_constraint
command with the -all _violators option.
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Propagating Constraints in Hierarchical Designs

Hierarchical designs are composed of subdesigns. You can propagate constraints up or
down the hierarchy in the following ways:

* Characterizing Subdesigns

The characterizing method captures information about the environment of specific cell
instances and assigns the information as attributes on the design to which the cells are
linked.

* Modeling
The modeling method creates a characterized design as a library cell.
¢ Propagating Constraints up the Hierarchy

This method propagates clocks, timing exceptions, and disabled timing arcs from lower
level subdesigns to the current design.

Characterizing Subdesigns

When you compile subdesigns separately, boundary conditions such as the input drive
strengths, input signal delays (arrival times), and output loads can be derived from the
parent design and set on each subdesign. You can do this in the following ways:

e Manually

Use the set_drive, set_driving_cell, set_input_delay, set_output_delay, and
set_load commands.

* Automatically

Use the characterize command or the design budgeting tool.

Using the characterize Command

The characterize command places on a design the information and attributes that
characterize its environment in the context of a specified instantiation in the top-level design.

The primary purpose of characterize is to capture the timing environment of the
subdesign. This occurs when you use characterize with no arguments or when you use
its ~-constraints, -connections, Ofr -power options.
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The characterize command derives and asserts the following information and attributes
on the design to which the instance is linked:

* Unless the -no_timing option is specified, the characterize command places on the
subdesigns any timing characteristics previously set by the following commands:

create_clock

group_path

read_timing

set_annotated_check

set_annotated_delay

set_auto_disable_drc_nets

set_drive

set_driving cell

set_false_path

set_ideal_net

set_ideal_network

set_input_delay

set_wire_load_min_block_size

set_load

set_max_delay

set_max_time_borrow

set_min_delay

set_multicycle_path

set_operating_ conditions

set_output_delay

set_resistance

set_timing_ranges

set_wire_load_model

set_wire_load_mode

set_wire_load_selection_group

* If you specify the -constraint option, the characterize command places on the
subdesigns any area, power, connection class, and design rule constraints previously set

by the following commands:
set_cell_degradation
set_connection_class
set_dont_touch_network
set_fanout_load

set_max_area
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* If you specify the -connection option, the characterize command places on the
subdesigns the connection attributes set by the following commands. Connection class
information is applied only when you use the -constraint option.

set_equal set_logic_zero
set_logic_dc set_opposite
set_logic_one set_unconnected

e If you specify the -power option, the characterize command places on the subdesigns
the switching activity information, toggle rates, and static probability previously set,
calculated, or saved by the following commands:

report_power set_switching activity

Removing Previous Annotations

In most cases, characterizing a design removes the effects of a previous characterization
and replaces the relevant information. However, in the case of back-annotation (set_1oad,
set_resistance,read_timing,set_annotated_delay,set_annotated_check%the
characterize step removes the annotations and cannot overwrite existing annotations made
on the subdesign. In this case, you must explicitly remove annotations from the subdesign
(using reset_design) before you run the characterize command again.

Optimizing Bottom Up Versus Optimizing Top Down

During optimization, you can use characterize With set_dont_touch to maintain
hierarchy. This is known as bottom-up optimization, which you can apply by using a golden
instance or a uniquify approach (either manually with the uniquify command or
automatically as part of the compile command). An alternative to bottom-up optimization is
top-down optimization, also called hierarchical compile. During top-down optimization, the
tool automatically performs characterization and optimization for subdesigns.

Deriving the Boundary Conditions

The characterize command automatically derives the boundary conditions of a subdesign
based on its context in a parent design. It examines an instance’s surroundings to obtain
actual drive, load, and timing parameters and computes the following types of boundary
conditions:

¢ Timing conditions

Expected signal delays at input ports.
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¢ (Constraints

Inherited requirements from the parent design, such as maximum delay.

¢ Connection relations

Logical relationships between ports or between ports and power or ground, such as
always logic 0, logical opposite of another port, or unconnected.

The characterize command summarizes the boundary conditions for one instance of a
subdesign in one invocation. The result is applied to the reference.

Figure 7-8 shows instances and references.

Figure 7-8 Instances and References

Instar‘mces
TOP ‘l’
U1 — u2
A B
7

References

If a subdesign is used in more than one place, you must either characterize it manually or
create a copy of the design for each instantiation and characterize each.

For more information, see Characterizing Multiple Instances.

Saving Attributes and Constraints

The characterize command captures the timing environment of the subdesign. Use the
write_script command with characterize to save the attributes and constraints for the
current design. For more information about saving and re-creating attribute values, see
Saving Attribute Values.

The characterize Command Calculations

The characterize command derives specific load and timing values for ports. The
command uses values that allow the timing numbers on the output ports of a characterized
design to be the same as if the design were flattened and then timed.
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The Load Calculations and Input Delay Calculations sections use the hierarchical design
example in Figure 7-9 to describe the load and input delay calculations used by the
characterize command.

Figure 7-9 Hierarchical Design Example

TOP

IN2

|
| |
|

Load Calculations

Figure 7-10 provides values for wire loads and input pin capacitances for the example
shown in Figure 7-9.

Figure 7-10 Hierarchical Design With Annotated Loads

Wire load at TOP
level =
5 units load/fanout

INT ——
a
ouT
IN2
Wire load for
blocks A and B =
Load values on 2 units load/fanout
all input pins = 1 unit load B

In Figure 7-10, a through f are wire segments used in the calculations. This example
assumes a segmented wire loading model, which takes the interconnection net loads on the
blocks into account and uses a linear function for the wire loads.

¢ The calculation for the outside load of pin P of hierarchical block B is

outside load = sum of the loads of all pins on the net
loading P that are not in B
plus the sum of the loads of all segments of net
driving or loading P that are not in B
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e The calculation for each segment’s load is

segment load = number of fanouts * wire load

o The calculation for the outside load on input IN1 to block A uses 0 driving pins, a
fanout count of 1 for segment a, and the TOP wire load of 5 loads per fanout.

The calculation is

load pins on driving net + load of segment a
=0+ (1 * 5)
=5

o The calculation for the outside load on the output of block A is

load pins on net
+ load of segment c
+ load of segment d
1 (for load pin P)
(1 * 5)
(1 * 2)
8

I+ + 1

For each segment in the calculation, the local wire load model is used to calculate the load.
That is, the calculation for block A’s output pin uses TOP’s wire load of 5 loads per fanout for
segment ¢ and block B’s wire load of 2 loads per fanout for segment d.

¢ The calculation for the outside load on the output of block B is

load pins on net + load of segment e
=0+ (1L * 5)
=5

e The calculation for the outside load on the input pin X of block B is

load pins on net

load of segment b
load of segment c
0+ (1L *2) + (1 * 5)
=7

I+ +

¢ The calculation for the outside load on the input pin Y is

pin loads on driving net + load of segment £
=0+ 1 * 5
=5

Figure 7-11 shows the modified version of Hierarchical Design Example with the outside
loads annotated.
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Figure 7-11 Loads After Characterization
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Input Delay Calculations

Wire load for A
and B =
B 2 units cap/load

Because characterizing provides accurate details of outside loads, the path delays of input
signals reflect only the delay through the intrinsic delay of the last gate driving the port. The
path delays of input signals do not include the gate’s load delay or the connect delay on the

net.

For example, the characterized input delay on the input pins of block B is calculated from the
delay to the pin that drives the port being characterized, without the gate’s load delay or the

connect delay on the net.

The timing calculations for characterizing block B follow Figure 7-12.

Figure 7-12 shows the default drive strengths and intrinsic delays of block A and signal IN1.

Figure 7-12 Design With Annotations for Timing Calculations

Intrinsic Delay

Drive Strength
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The delay calculation for input pin X is

drive strength at IN1 * (wire load + pin load)
+ intrinsic delay of A's

cell

3% (5 + 2 + 1)

1

25

I+ 1

Characterizing Subdesign Port Signal Interfaces

The characterize command with no options replaces a subdesign’s port signal information
(clocks, port drive, input and output delays, maximum and minimum path delays, and port
load) with information derived from the parent design. The subdesign also inherits operating
conditions and timing ranges from the top-level design.

You can manually set port signal information by using the following commands:

create_clock
set_clock_latency
set_clock_uncertainty
set_drive
set_driving cell
set_input_delay
set_load
set_max_delay
set_min_delay
set_output_delay
set_propagated_clock

The characterize command sets the wire loading model selection group and model for
subdesigns. The subdesigns inherit the top-level wire loading mode. The wire loading model
for subdesigns is determined as follows:

* If the top-level mode is top, the subdesigns inherit the top-level wire loading model.
Unless an instance specific model or selection group has be specified. Instance specific
model and selection group settings take precedence over design level settings.

¢ |f the top-level mode is enclosed or segmented, the wire loading model is based on the
following:

o If no wire loading model is defined for the lower block and the wire load cannot be
determine by the area, the wire loading model of the top-level design is used.

o If no wire loading model is defined for the lower block but the wire load can be
determine by the area, the wire loading model is reselected at compile time, based on
the cell area.
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Combinational Design Example

Figure 7-13 shows subdesign block in the combinational design top. Set the port interface
attributes either manually or automatically.

» Script 1 uses characterize to set the attributes automatically.
e Script 2 sets the attributes manually.

Figure 7-13 Characterizing Drive, Timing, and Load Values—Combinational Design

top
r——— - - - - - - - - - - - - - - -0 -7 " - " - " - - -/ —/ — 1
| |
| block1 |
| |
A ni n2 c D n3 n4 B |
| |
| U1 u3 |
| u2 |
| |
| |
L — — — - -

current_design top
set_input_delay 0 A
set_max_delay 10 -to B

Script 1
current_design top
characterize U2

Script 2

current_design blockl

set_driving cell -1lib_cell INV {C}
set_input_delay 3.3 C

set_load 1.3 D

set_max _delay 9.2 -to D
current_design top

In Script 2,

e Line 2 captures driving cell information.

* Line 3 sets the arrival time of net n2 as 3.3.
* Line 4 sets the load of U3 as 1.3.

e Line 5 sets the inherited set_max_delay, which is 10 — .8 (.4 for each inverter).
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Figure 7-14 shows subdesign block in the sequential design top. Set the port interface
information either manually or automatically.

» Script 1 sets the information manually.

o The input delay (from ff1/CP to u5/in1) is 1.8

o The output delay (through u4 plus the setup time of ff2) is 1.2

o The outside load on the out1 net is 0.85

* Script 2 uses the characterize command to set the information automatically.

Figure 7-14 Characterizing Sequential Design Drive, Timing, and Load Values

ud

top
" ff1 ul
|
| INV
| block
: ini
|
| u2 out1
| clock1
| UZCKINV clock2
|
|
, clock CKBUF

Script 1

current_design top

create_clock -period 10 -waveform {0 5} clock

current_design block

create_clock -name clock -period 10 -waveform {0 5} clockl

create_clock -name clock _bar -period 10 \

-waveform {5 10} clock2

set_input_delay -clock clock 1.8 inl

set_output_delay -clock clock 1.2 outl
set_driving cell -lib_cell INV -input_transition_rise 1 inl

set_driving cell -lib_cell CKINV clockl
set_driving cell -1lib_cell CKBUF clock2

set_load 0.85 outl
current_design top
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Script 2

current_design top

create_clock -period 10 -waveform {0 5} clock
characterize ub

Characterizing Subdesign Constraints

The characterize -constraints command uses values derived from the parent design
to replace the max_area, max_fanout, fanout_load, max_capacitance, and
max_transition attributes of a subdesign.

Characterizing Subdesign Logical Port Connections

The characterize -connections command uses connection attributes derived from the
parent design to replace the port connection attributes of a subdesign.

The connection attributes are those set by the commands set_equal, set_opposite,
set_logic_one, set_logic_zero, and set_unconnected.

Figure 7-15 shows subdesign block in design top. Set logical port connections either
manually or automatically.

e Script 1 sets the attributes manually.

e Script 2 uses characterize -no_timing -connections to set the attributes
automatically. The -no_timing option inhibits computation of port timing information.

Figure 7-15 Characterizing Port Connection Attributes
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Script 1
current_design block
set_opposite { EF }

set_logic_zero { G }
set_unconnected { J }

Script 2
current_design top
characterize U2 -no_timing -connections

Characterizing Multiple Instances

The characterize command summarizes the boundary conditions for one instance of a
subdesign in each invocation. If a subdesign is used more than one time, use the uniquify
command to make each instance distinctive before using characterize for each instance.

The uniquify command creates copies of subdesigns that are referenced more than one
time. It then renames the copies and updates the corresponding cell references.

Figure 7-16 shows how to use uniquify and characterize for the subdesign block, which
is referenced in cells U1 and U2.

Figure 7-16 Characterizing a Subdesign Referenced Multiple Times

r—— - - - - - — — TO __________ al
| U1 P |
| block " Multiple
| U2 / Instances
| block |
| |
| |
L |
prompt> current_design top
prompt> uniquify -reference block
r-———— - - - - - - - - - - - - - - — — — T
! U1 top !
| block_0 | Uniquified
| — Multiple
| u2 / Instances
| block_1 |
I I
Lo .
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prompt> characterize Ul
prompt> characterize U2
Characterizing Designs With Timing Exceptions

When paths crossing design hierarchies contain different timing exceptions, characterize
creates timing constraints with virtual clocks to capture this information.

Possible timing exceptions include set_multicycle_path, set_false_path,
set_max_delay, and set_min_delay. The virtual clock scheme can also handle multiple
clocks.

Figure 7-17 shows a sample design in which the path from the ALARM input port to
HOURS_OUT_reg* in U3 is constrained as a two-cycle path. Example 7-1 shows the a
portion of the uncompressed characterize -verbose result of UO block.

Figure 7-17 characterize -verbose Result of U0 Block

ALARM_BLOCK

uo us
ALARM HOURS AM_PM_OUT _reg

N

HOURS_OUT _reg*

D

Example 7-1 characterize -verbose Output

create_clock -period 10 -waveform {0 5} [get_ports {CLK}]
create_clock -name "CLK_virtuall" -period 10 -waveform {0 5}
create_clock -name "CLK virtual2" -period 10 -waveform {0 5}
create_clock -name "CLK_virtual3" -period 10 -waveform {0 5}
create_clock -name "CLK_virtual4d" -period 10 -waveform {0 5}
create_clock -name "CLK_virtualb5" -period 10 -waveform {0 5}
set_input_delay 2 -clock "CLK" [get_ports {MINUTES_BUTTON} ]
set_input_delay 2 -clock "CLK" [get_ports {HOURS_BUTTON} ]
set_input_delay 2 -clock "CLK_virtuall" [get_ports {ALARM_BUTTON} ]
set_output_delay 7.62796 -max -rise -clock "CLK" [get_ports {MINS}]
set_output_delay 6.93955 -max -fall -clock "CLK" [get_ports {MINS}]
set_output_delay 2.20324 -min -rise -clock "CLK" [get_ports {MINS}]
set_output_delay 2.40013 -min -fall -clock "CLK" [get_ports {MINS}]
set_output_delay 8.05575 -add_delay -max -rise -clock "CLK_virtual2" \
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[get_ports {MINS}]

set_output_delay 6.83933 -add_delay -max -fall -clock "CLK_virtual2" \
[get_ports {MINS}]

set_output_delay 2.89679 -add_delay -min -rise -clock "CLK_virtual2" \
[get_ports {MINS}]

set_output_delay 2.80452 -add_delay -min -fall -clock "CLK_virtual2" \
[get_ports {MINS}]

set_output_delay 10.232 -add_delay -max -rise -clock "CLK_virtualb" \
[get_ports {MINS}]

set_output_delay 9.4791 -add_delay -max -fall -clock "CLK_virtual5" \
[get_ports {MINS}]

set_output_delay 3.90222 -add_delay -min -rise -clock "CLK_virtual5" \
[get_ports {MINS}]

set_output_delay 3.57818 -add_delay -min -fall -clock "CLK_virtualb5" \
[get_ports {MINS}]

set_multicycle_path 2 -from [get_clocks {CLK_virtualll}] -to \
[get_clocks {CLK_virtual2}]

set_multicycle_path 2 -from [get_clocks {CLK_virtuall}] -to \
[get_clocks {CLK_virtual3}]

set_multicycle_path 2 -from [get_clocks {CLK_virtuall}] -to \
[get_clocks {CLK_virtuald}]

set_multicycle_path 2 -from [get_clocks {CLK_virtuall}] -to \
[get_clocks {CLK_virtualb5}]

Limitations of the characterize Command

The characterize command provides many useful features, but do not always rely on this
command to derive constraints for the subdesigns in a design hierarchy. Before you
characterize a design, keep in mind the following limitations:

The characterize command
e Does not derive timing budgets. (It reflects the current state of the design.)

* Ignores clock_skew and max_time_borrow attributes placed on a hierarchical
boundary (generally not an issue, because these attributes are usually placed on clocks
and cells).

With no options, the characterize command replaces a subdesign’s port signal
information (clocks, port drive, input and output delays, maximum and minimum path delays,
and port load) with information derived from the parent design.

The characterize command recognizes when the top-level design has back-annotated
information (load, resistance, or delay) and to move this data down to the subdesign in
preparation for subsequent optimization.
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Propagating Constraints up the Hierarchy

If you have hierarchical designs and compile the subdesigns, then move up to the
higher-level blocks (bottom-up compilation), you can propagate clocks, timing exceptions,
and disabled timing arcs from lower-level .ddc files to the current design, using the
propagate_constraints command. If you do not use this command, you can propagate
constraints from a higher-level design to the current_instance, but you cannot propagate
constraints set on a lower-level block to the higher-level blocks in which it is instantiated.

Note:
Using the propagate_constraints command might cause memory usage to increase.

Example 7-2 shows a methodology in which constraints are propagated upward. Assume
that A is the top-level and B is the lower-level design.

Example 7-2 Propagating Constraints Upward

current_design B

source constraints.tcl

compile

current_design A
propagate_constraints -design B
report_timing_requirements
compile

report_timing

To generate a report of all the constraints that were propagated up, use the -verbose and
-dont_apply options and redirect the output to a file:

prompt> propagate_constraints -design name \
-verbose -dont_apply -output report.cons

Use the write_file -format ddc command to save the .ddc file with the propagated
constraints so there is no need to go through the propagation again when restarting a new
dc_shell session.

Handling Conflicts Between Designs
Conflicts between the lower-level and top-level designs causes the following:

¢ Clock name conflict

The lower-level clock has the same name as the clock of the current design (or another
block).

The clock is not propagated. A warning is issued.

¢ Clock source conflict

A clock source of a lower-level block is already defined as a clock source of a higher-level
block.
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The lower-level clock is not propagated. A warning is issued.
e Exceptions from or to an unpropagated clock

This can be either a virtual clock, or a clock that was not propagated from that block due
to a conflict.

e Exceptions

A lower-level exception overrides a higher-level exception that is defined on the same
path.
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Using Floorplan Physical Constraints

Design Compiler in topographical mode supports high-level physical constraints such as die
area, core area and shape, port locations, cell locations and orientations, keepout margins,
placement blockages, preroutes, bounds, vias, tracks, voltage areas, and wiring keepouts.

Using floorplan physical constraints in topographical mode improves timing correlation with
post-place-and-route tools, such as IC Compiler, by considering floorplanning information
during optimization.

You provide floorplan physical constraints to Design Compiler topographical mode using one
of the following methods:

e Export the floorplan information in DEF files or a Tcl script from IC Compiler and import
this information into Design Compiler

* Create the constraints manually

You can examine most of these objects visually in your floorplan by using the Design Vision
layout window. For more information about using the GUI to view physical constraints, see
the “Viewing the Floorplan” topic in Design Vision Help.

To learn how to create, import, reset, save, and report floorplan physical constraints, see
* Importing Floorplan Information
* Manually Defined Physical Constraints

* Including Physical-Only Cells

8-1
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e Specifying Relative Placement

* Magnet Placement

¢ Resetting Physical Constraints

* Saving Physical Constraints Using the write_floorplan Command
e Saving Physical Constraints Using the write_def Command

* Reporting Physical Constraints

Chapter 8: Using Floorplan Physical Constraints
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Importing Floorplan Information

The main reason to use floorplan constraints in topographical mode is to accurately
represent the placement area and improve timing correlation with the post-place-and-route
design. You can provide high-level physical constraints that determine core area and shape,
port location, macro location and orientation, voltage areas, placement blockages, and
placement bounds. These physical constraints can be derived from IC Compiler floorplan
data, extracted from an existing Design Exchange Format (DEF) file, or created manually.

You can import floorplan information into the Design Compiler tool by using one of the
following methods:

Using DEF Files

To provide floorplan physical constraints in DEF files to the Design Compiler tool, you
export the floorplan information from the IC Compiler tool by using the write_def
command and import this information into the Design Compiler tool by using the
extract_physical_constraints command. For more information, see the following
topics:

o Using the write_def Command in IC Compiler
o Reading DEF Information in Design Compiler

Using a Tcl Script

Export the floorplan information from IC Compiler by using the write_floorplan
command and import this information into the Design Compiler tool by using the
extract_physical_constraints command. For more information, see the following
topics:

o Using the write_floorplan Command in IC Compiler

o Reading the Floorplan Script in Design Compiler

See Also

Physical Constraints Imported in the DEF File
Physical Constraints Imported in the Floorplan File

Manually Defined Physical Constraints
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Using the write_def Command in IC Compiler

To improve timing, area, and power correlation between Design Compiler and IC Compiler,
you can read your mapped Design Compiler netlist into IC Compiler, create a basic floorplan
in IC Compiler, export this floorplan from IC Compiler, and read the floorplan back into
Design Compiler.

To export floorplan information from IC Compiler in a Design Exchange Format (DEF) file for
use in Design Compiler topographical mode, use the write_def command in IC Compiler.
Example 8-1 uses the write_def command to write physical design data to the
my_physical_data.def file.

Example 8-1 Using the write_def Command to Extract Physical Data From IC Compiler

icc_shell> write_def -version 5.7 -rows_tracks_gcells -macro -pins \
-blockages -specialnets -vias -regions_groups -verbose \
-output my physical data.def

See Also

* Reading DEF Information in Design Compiler

Reading DEF Information in Design Compiler

To import floorplan information from a DEF file, use the extract_physical_constraints
command. This command imports physical information from the specified DEF file and
applies these constraints to the design. The applied floorplan information is saved in the
.ddc file and does not need to be reapplied when you read in the .ddc file in subsequent
topographical mode sessions.

The following command shows how you can import physical constraints from multiple DEF
files:

dc_shell-topo> extract_physical_constraints \
{des_1l.def des2.def .. des_N.def}

By default, the extract_physical_constraints command runs in incremental mode.
That is, if you use the command to process multiple DEF files, the command preserves
existing physical annotations on the design. In incremental mode, the placement area is
imported based on the current core area and site rows in the DEF file. When incremental
mode is disabled, the placement area is imported based on the site rows in the DEF files.
Conflicts are resolved as follows:

¢ Physical constraints that can have only one value are overwritten by the value from the
latest DEF file. That is, port location and macro location are overwritten.

* Physical constraints that can have accumulated values are recomputed. That is, core
area can be recomputed based on the existing value and the site row definitions in the
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latest DEF file. Placement keepouts from different DEF files are accumulated and the
final keepout geometry is computed internally during synthesis.

Figure 8-1 shows an example of incremental extraction performed by the
extract_physical constraints command.

Figure 8-1 Incremental Extraction With the extract_physical_constraints Command

DEF1
Core Area {0,0, 200, 200} (300,300)

Port P1 P2 location P2
Keepout K1 * K2( o

Ple|k1
DEF1
Core Area {0,50, 300, 300}
Port P2 location (0,0)

Keepout K2

dc_shell-topo> extract_physical_constraints DEFl.def DEF2.def

To disable incremental mode, specify the -no_incremental option with the
extract_physical constraints command.

To learn about the imported DEF physical constraints and port and macro name matching
considerations, see

Physical Constraints Imported in the DEF File
Extracting Physical-Only Cells From a DEF File
Macro and Port Name Matching With the extract_physical_constraints Command

Site Name Matching

Physical Constraints Imported in the DEF File

The following high-level floorplan physical constraints can be imported into Design Compiler
in topographical mode from a DEF file with the extract_physical_constraints
command:

Die Area

Placement Area

Macro Location and Orientation

Hard, Soft, and Partial Placement Blockages

Wiring Keepouts
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e Placement Bounds

* Port Location

e Preroutes

e Site Array Information
e Vias

* Routing Tracks

e Keepout Margins

You can visually inspect your extracted physical constraints by using the layout view in the
Design Vision layout window. All physical constraints extracted from the DEF file are
automatically added to the layout view.

Note:
Voltage areas are not defined in a DEF file. Therefore, for multivoltage designs, you have
to use the create_voltage_area command to define voltage areas for the tool. If you
are using IC Compiler as your floorplanning tool, you can use the write_floorplan and
read_floorplan commands to obtain floorplan information that automatically includes
voltage areas. You do not need to define voltage areas manually when using these
commands.

Die Area

The extract_physical_constraints command automatically extracts the die area from a
DEF file. DEF files are generated by floorplanning tools and used by Design Compiler to
import physical constraints. The tool can extract both rectangular and rectilinear die areas
that are defined in the DEF file. The die area is also known as the cell boundary. The die
area represents the silicon boundary of a chip and encloses all objects of a design, such as
pads, I/O pins, and cells.

The following example shows a die area definition in a DEF file:

DEF
UNITS DISTANCE MICRONS 1000 ;
DIEAREA ( 0 0 ) ( O 60000 ) ( 39680 60000 ) ( 39680 40000 ) \
( 59360 40000 ) ( 59360 0 ) ;

The following example shows how Design Compiler in topographical mode translates the
DEF definition into Tcl when you write out your physical constraints using the
write_floorplan -all command:

create_die_area -polygon { { 0.000 0.000 } { 0.000 60.000 } \
{ 39.680 60.000 } { 39.680 40.000 } { 59.360 40.000 } \
{ 59.360 0.000 } { 0.000 0.000 } }
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Placement Area
Placement area is computed as the rectangular bounding box of the site rows.

Macro Location and Orientation

When you use the extract_physical_constraints command, for each cell with a
location and the FIXED attribute specified in the DEF, Design Compiler sets the location on
the corresponding cell in the design. Example 8-2 shows DEF macro location and
orientation information.

Note:
E = east rotation and W = west rotation

Example 8-2 DEF Macro Location and Orientation Information

COMPONENTS 2 ;
- macro_cell abx2 + FIXED ( 4350720 8160 ) E ;
- macro_cell_cdyl + FIXED ( 4800 8160 ) W ;
END COMPONENTS

The Tcl equivalent commands are shown in Example 8-3.

Example 8-3 Tcl Equivalent Macro Location and Orientation Information

set_cell location macro_cell abx2 -coordinates { 4350.720 8.160 } \
-orientation E -fixed

set_cell_location macro_cell_cdyl -coordinates { 4.800 8.160 } \
-orientation W -fixed

Hard, Soft, and Partial Placement Blockages

The extract_physical_constraints command can import hard, soft, and partial
placement blockages defined in the DEF file.

Example 8-4 shows DEF hard placement blockage information.

Example 8-4 DEF Hard Placement Blockage Information

BLOCKAGES 50 ;
' _ PLACEMENT RECT ( 970460 7500 ) ( 3247660 129940 )

END BLOCKAGES
The Tcl equivalent command is shown in Example 8-5.

Example 8-5 Tcl Equivalent Hard Placement Blockage Information

create_placement_blockage -name def_obstruction_23 \
-bbox { 970.460 7.500 3247.660 129.940 }
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For a soft placement blockage, if your extracted DEF information is as shown in Example 8-6
(DEF version 5.6) or Example 8-7 (DEF version 5.7), then the Tcl equivalent command is
shown in Example 8-8.

Note:
If your floorplanning tool creates a DEF file with DEF version 5.6, you need to manually
add the #sNPs_SOFT_BLOCKAGE pragma to specify a soft blockage, as shown in
Example 8-6.

Example 8-6 DEF Version 5.6 Soft Placement Blockage Information

BLOCKAGES 50 ;

- PLACEMENT RECT ( 970460 7500 ) ( 3247660 129940 ) ; #SNPS_SOFT_BLOCKAGE
END BLOCKAGES

Example 8-7 DEF Version 5.7 Soft Placement Blockage Information

BLOCKAGES 50 ;

- PLACEMENT + SOFT RECT ( 970460 7500 ) ( 3247660 129940 ) ;

END BLOCKAGES

Example 8-8 Tcl Equivalent Soft Placement Blockage Information

create_placement_blockage -name def_obstruction_23 \
-bbox { 970.460 7.500 3247.660 129.940 } \
-type soft

Example 8-9 shows DEF partial placement blockage information. The Tcl equivalent
command is shown in Example 8-10.

Note:
DEF versions prior to version 5.7 did not support partial blockages.

Example 8-9 DEF Partial Placement Blockage Information
BLOCKAGES 50 ;

- PLACEMENT + PARTIAL 80 RECT ( 970460 7500 ) ( 3247660 129940 ) ;

END BLOCKAGES

Example 8-10 Tcl Equivalent Partial Placement Blockage Information

create_placement_blockage -name def_obstruction_23 \
-bbox { 970.460 7.500 3247.660 129.940 } \
-type partial \
-blocked_percentage 80
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Wiring Keepouts

For wiring keepouts defined in the DEF, Design Compiler creates wiring keepouts on the
design.

Example 8-11 shows DEF wiring keepout information.

Example 8-11 DEF Wiring Keepout Information
BLOCKAGES 30 ;

- LAYER METAL6 RECT ( 0 495720 ) ( 4050 1419120 );

END BLOCKAGES

Placement Bounds

If REGIONS defining bounds exist in the DEF, extract_physical_constraints imports
placement bounds. Also, if there are cells in the related GROUP attached to the region,
these cells are matched with the ones in the design using rule-based name matching, and
the matched cells are attached to the bounds in the following two ways:

e |f there are regions in the design with the same name as in the DEF, the cells in the
related group are attached to the region by the update_bounds command in incremental
mode.

* If the region does not exist in the design, it is created with the same name as in the DEF
file by applying the create_bounds command; matched cells in the related group are
also attached.

Example 8-12 shows imported placement bounds information.

Example 8-12 DEF Placement Bounds Information

REGIONS 1 ;
- c20_group ( 201970 40040 ) ( 237914 75984 ) + TYPE FENCE ;
END REGIONS

GROUPS 1 ;
- c20_group
cell_abcl
cell_sml
cell sm2
+ SOFT
+ REGION c20_group ;
END GROUPS

The Tcl equivalent commands are shown in Example 8-13.

Example 8-13 Tcl Equivalent Placement Bounds Information

create_bounds \
-name "c20_group" \
-coordinate {201970 40040 237914 75984} \
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-exclusive \
{cell _abcl cell _sml cell _sm2}

Port Location

When you use the extract_physical_constraints command, for each port with the
location specified in the DEF, Design Compiler sets the location on the corresponding port
in the design.

Example 8-14 shows imported port location information.

Example 8-14 DEF Port Information

PINS 2 ;
-Outl + NET Outl + DIRECTION OUTPUT + USE SIGNAL +
LAYER M3 (0 0) (4200 200) + PLACED (80875 0) N;

-Sel0 + NET Sel0 + DIRECTION INPUT + USE SIGNAL +

LAYER M4 (0 0) (200 200) + PLACED (135920 42475) N;
END PINS

The Tcl equivalent commands are shown in Example 8-15.

Example 8-15 Tcl Equivalent Port Information

set_port_location Outl -coordinate {80.875 0.000} \
-layer_name M3 -layer_area {0.000 0.000 4.200 0.200}

set_port_location Sel0 -coordinate {135.920 0.000} \
-layer_name M4 -layer_area {0.000 0.000 0.200 0.200}

Ports with changed names and multiple layers are supported. Example 8-16 shows DEF
information for such a case.

Example 8-16 DEF Port Information

PINS 2 ;
- sys_addr\[23\].extra2 + NET sys_addr([23] + DIRECTION INPUT + USE SIGNAL +
LAYER METAL4 ( 0 0 ) ( 820 5820 ) + FIXED ( 1587825 2744180 ) N ;
- sys_addr[23] + NET sys_addr[23] + DIRECTION INPUT + USE SIGNAL + LAYER
METAL3 ( 0 0 ) ( 820 5820 ) + FIXED ( 1587825 2744180 ) N ;
END PINS

The corresponding Tcl commands are shown in Example 8-17.

Example 8-17 Tcl Equivalent Port Information

set_port_location sys_addr[23] -coordinate { 1587.825 2744.180 } \
-layer_name METAL3 -layer_area {0.000 0.000 0.820 5.820}

set_port_location sys_addr[23] -coordinate { 1587.825 2744.180 }\
-layer_name \

METAL4 -layer_area {0.000 0.000 0.820 5.820} -append
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Port orientation is also supported. Example 8-18 shows DEF information for such a case.

Example 8-18 DEF Port Information

PINS 1;
- OUT + NET OUT + DIRECTION INPUT + USE SIGNAL
+ LAYER m4 ( -120 0 ) ( 120 240 )
+ FIXED ( 4557120 1726080 ) S ;
END PINS

The corresponding Tcl commands are shown in Example 8-19.

Example 8-19 Tcl Equivalent Port Information

set_port_location OUT -coordinate { 4557.120 1726.080 } -layer_name m4 \
-layer_area {-0.120 -0.240 0.120 0.000}

Preroutes

Design Compiler extracts preroutes that are defined in the DEF file.
Example 8-20 shows imported preroute information.

Example 8-20 DEF Preroute Information

SPECIALNETS 2 ;

- vdd

+ ROUTED METAL3 10000 + SHAPE STRIPE ( 10000 150000 ) ( 50000 * )
+ USE POWER ;

END SPECIALNETS

The Tcl equivalent commands are shown in Example 8-21.

Example 8-21 Tcl Equivalent Preroute Information

create_net_shape -no_snap -type path -net vdd -datatype 0 -path_type 0 \
-route_type pg_strap -layer METAL3 -width 10.000 \
-points {{10.000 150.000} {50.000 150.000}}

Site Array Information

Design Compiler imports site array information that is defined in the DEF file. Site arrays in
the DEF file define the placement area.

Example 8-22 shows imported site array information.

Example 8-22 DEF Site Array Information
ROW ROW_0 core 0 0 N DO 838 BY 1 STEP 560 0;

The Tcl equivalent commands are shown in Example 8-23.
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Example 8-23 Tcl Equivalent Site Array Information

create_site_row -name ROW_0 -coordinate {0.000 0.000}\
-kind core -orient 0 -dir H -space 0.560 -count 838

Vias

The extract_physical_constraints command extracts vias that are defined in the DEF
file. Vias are stored in the .ddc file in the same way as other physical constraints.

Example 8-24 shows how Design Compiler in topographical mode translates the DEF
definition into Tcl when you write out your physical constraints using the write_floorplan
-all command.

Example 8-24 Tcl Equivalent Via Information

create_via -no_snap -type via -net VDD -master VIA67 -route_type pg_strap \
-at {746.61 2279} -orient N

create_via -no_snap -type via_array -net VDD -master FATVIA45 -route_type pg_strap \
-at {1491.79 2127.8} -orient N -col 5 -row 2 -x_pitch 0.23 -y_pitch 0.23

See Also

e Creating Vias

Routing Tracks

The extract_physical_constraints command extracts any track information that is
defined in the DEF file. Tracks define the routing grid for standard cell-based designs. They
can be used during routing, and track support can enhance congestion evaluation and
reporting in Design Compiler in topographical mode to make congestion routing more
precise and match more closely with IC Compiler. Track information is stored in the .ddc file
in the same way as other physical constraints. If you have a floorplan with track information,
such as track type and location, the track information is passed to IC Compiler during
floorplan exploration.

The following example shows track data in a DEF file:

TRACKS X 330 DO 457 STEP 660 LAYER METALl ;
TRACKS Y 280 DO 540 STEP 560 LAYER METALl ;

Example 8-25 shows how Design Compiler in topographical mode translates the DEF
definition into Tcl when you write out your physical constraints using the write_ floorplan
-all command.

Example 8-25 Tcl Equivalent Track Information

create_track \
-layer metall \
-dir X \
-coord 0.100 \
-space 0.200 \
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-count 11577 \
-bounding_box {{0.000 0.000} {2315.400 2315.200}}
create_track \

-layer metall \

-dir Y \

-coord 0.200 \

-space 0.200 \

-count 11575 \

-bounding_box {{0.000 0.000} {2315.400 2315.200}}

See Also

e Creating Routing Tracks

Keepout Margins

The extract_physical_constraints command extracts keepout margins that are defined
in the DEF file. Keepout margins are stored in the .ddc file in the same way as other physical
constraints.

The following example shows a keepout margin definition in a DEF file:

COMPONENTS 2 ;

- U542 OAI21XL + FIXED ( 80000 80000 ) FN + HALO 10000 10000 50000 50000 ;

- U543 OAI21XL + FIXED ( 10000 20000 ) FN + HALO SOFT 15000 15000 15000 15000 ;
END COMPONENTS

See Also

* Creating Keepout Margins

Extracting Physical-Only Cells From a DEF File

To extract physical-only cells from a DEF file, use the extract_physical_constraints
command with the -allow_physical_cells option.

See Also

* Including Physical-Only Cells
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Macro and Port Name Matching With the
extract_physical_constraints Command

When the extract_physical_constraints command applies physical constraints, it
automatically matches macros and ports in the DEF file with macros and ports in memory.
When it does not find an exact match, it uses the rule-based name-matching capability.

Name mismatches can be caused by automatic ungrouping and the change_names
command. Typically, hierarchy separators and bus notations are sources of these
mismatches.

For example, automatic ungrouping by the compile_ultra command followed by the
change_names command might result in the forward slash (/) separator being replaced with
an underscore (_) character. Therefore, a macro named a/b/c/macro_name in the RTL might
be named a/b_c_macro_name in the mapped netlist, which is the input to the back-end tool.
The extract_physical_constraints command automatically resolves these name
differences when extracting physical constraints from the DEF file.

By default, the following characters are considered equivalent:

e Hierarchical separators {/ _ . }

For example, a cell named a_b_c/d_e is automatically matched with the string a/b_c/d/e
in the DEF file.

e Bus notations {[]__ ()}

For example, a cell named a[4][5] is automatically matched with the stringa_4__5_inthe
DEF file.

When you use the -verbose option with the extract_physical_constraints command,
the tool displays an informational message indicating that rule-based name matching has
matched the cell with an instance in the DEF file.

You can define the rules used by the rule-based name-matching capability by using the
set_query_rules command. Use the set_query_rules -show command to display the
default query rules.

To disable rule-based name matching, specify the -exact option with the
extract_physical_constraints command. In this case, the tool matches objects in the
netlist in memory exactly with the corresponding objects in the DEF file.

See Also

* Site Name Matching
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Site Name Matching

When you use the extract_physical_constraints command to read a DEF file, the tool
automatically matches the site name in the floorplan with the name of the tile in the Milkyway
reference libraries. Milkyway reference libraries usually have the site name set to unit by
default. However, you might still need to define the name mappings if the site dimension
does not match unit or if more than one site type is used in the DEF files. To define the name
mappings, use the mw_site_name_mapping variable. For example,

dc_shell-topo> set mw_site_name _mapping { {def site _namel mw_ref 1lib site name} \
{def site name2 mw ref 1lib site name} }

You can specify multiple pairs of values for the mw_site_name_mapping variable.

Using the write_floorplan Command in IC Compiler

To improve timing, area, and power correlation between Design Compiler and IC Compiler,
you can read your mapped Design Compiler netlist into IC Compiler, create a basic floorplan
in IC Compiler, export this floorplan from IC Compiler, and read the floorplan back into
Design Compiler.

To export floorplan information from IC Compiler into a file that can be used in Design
Compiler in topographical mode, use the write_floorplan command in IC Compiler. The
command writes a Tcl script that you read into Design Compiler to re-create elements of the
floorplan for the specified design.

Example 8-26 uses the write_floorplan command to write out all placed standard cells to
a file called placed_std.fp.

Example 8-26 Using write_floorplan to Export Physical Data From IC Compiler

icc_shell> write_floorplan -placement {io terminal hard_macro soft_macro}\
-create_terminal -row -create_bound \
-preroute -track floorplan for_ DC.fp

See Also

* Reading the Floorplan Script in Design Compiler

Reading the Floorplan Script in Design Compiler

The IC Compiler write_floorplan command generates a Tcl script that contains
commands that describe floorplan information for the current design or a design that you
specify. You can use this file to re-create elements of the floorplan in Design Compiler. Run
the read_floorplan command in topographical mode to read the script generated by the
write_floorplan command and restore the floorplan information.
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The imported physical constraints are automatically saved to your .ddc file. To save the
physical constraints in a separate file, use the write_floorplan command after extraction.
The command saves the floorplan information so you can read the floorplan back into
Design Compiler.

You can also use the source command to import the floorplan information. However, the
source command reports errors and warnings that are not applicable to Design Compiler.
The read_floorplan command removes these unnecessary errors and warnings. In
addition, you need to enable rule-based name matching manually when you use the source
command. The read_floorplan command automatically enables rule-based name
matching.

The read_floorplan command should not be used to perform incremental floorplan
modifications. The read_floorplan command imports the entire floorplan information
exported from IC Compiler with the write_floorplan command and overwrites any
existing floorplan. The write_floorplan command usually includes commands to remove
any existing floorplan.

You can visually inspect your imported physical constraints by using the layout view in the
Design Vision layout window.

To learn more about imported physical constraints and port and macro name matching
considerations, see

* Physical Constraints Imported in the Floorplan File

* Macro and Port Name Matching With the read_floorplan Command

Physical Constraints Imported in the Floorplan File

The following physical constraints are imported from the floorplan file (Tcl script) when you
run the read_floorplan command:

e Voltage areas

e Die Area

The die area represents the silicon boundary of a chip and encloses all objects of a
design, such as pads, I/O pins, and cells.

e Placement Area

* Macro Location and Orientation

For each cell with a location and the FIXED attribute specified, Design Compiler sets the
location on the corresponding cell in the design.
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e Hard and Soft Placement Blockages

For defined placement blockages, Design Compiler creates placement blockages on the
design.

e Wiring Keepouts

Wiring keepout information is imported from the floorplan file. The create_route_guide
command creates a wiring keepout.

¢ Placement Bounds

Placement bounds are extracted from the floorplan file in the following two ways:

1. If there are regions in the design with the same name as in the floorplan file, the cells
in the related group are attached to the region by the update_bounds command in
incremental mode.

2. If the region does not exist in the design, it is created with the same name as in the
floorplan file by applying the create_bounds command. Matched cells in the related
group are also attached.

¢ Port Locations

For each port with the location specified in the floorplan file, Design Compiler sets the
location on the corresponding port in the design.

Ports with changed names and multilayers are supported.

¢ Preroutes

Design Compiler imports preroutes that are defined in the floorplan file. A preroute is
represented with the create_net_shape command.

e User Shapes

Design Compiler imports user shapes that are defined in the floorplan file and includes
them in the preroute section.

* Site Array Information

Design Compiler extracts site array information that is defined in the floorplan file. Site
arrays define the placement area.

e Vias

Design Compiler imports vias that are defined in the floorplan file and includes them in
the preroute section.

e Tracks

Design Compiler imports any track information that is defined in the floorplan file.
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Macro and Port Name Matching With the read_floorplan Command

When the read_floorplan command applies physical constraints in topographical mode, it
automatically matches macros and ports in the floorplan file with macros and ports in
memory. When it does not find an exact match, it uses the rule-based name-matching
capability.

Name mismatches can be caused by automatic ungrouping and the change_names
command. Typically, hierarchy separators and bus notations are sources of these
mismatches.

For example, automatic ungrouping by the compile_ultra command followed by the
change_names command might result in the forward slash (/) separator being replaced with
an underscore (_) character. Therefore, a macro named a/b/c/macro_name in the RTL might
be named a/b_c_macro_name in the mapped netlist, which is the input to the back-end tool.
The extract_physical_constraints command automatically resolves these name
differences when extracting physical constraints from the DEF file.

By default, the following characters are considered equivalent:

e Hierarchical separators {/ _ . }

For example, a cell named a.b_c/d_e is automatically matched with the string a/b_c.d/e
in the floorplan file.

e Bus notations {[]__ ()}

For example, a cell named a[4][5] is automatically matched with the stringa_4__5_inthe
floorplan file.

To define the rules used by the rule-based name-matching capability, use the
set_query_rules command.

Note:
Using the source command is not recommended. However, if you use the source
command to import your floorplan information, you must enable rule-based name
matching manually by setting the enable_rule_based_guery variable to true before
you source the floorplan file. For example,

dc_shell-topo> set_query_rules...

dc_shell-topo> set_app_var enable_rule_based_qguery true
dc_shell-topo> source design.fp

dc_shell-topo> set enable_rule_based_query false
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Reading and Writing Preroute Information for Power and Ground
Nets and Physical-Only Cells

The floorplan that is written from IC Compiler using the write_floorplan command can
include preroute information and the location of physical-only cells. However, when the
floorplan file is read into Design Compiler in topographical mode, the information is not used
during optimization because the power and ground nets and physical cells do not exist in the
logical netilist.

To use preroute information and physical-only cells in Design Compiler, you need to create
the power and ground nets and physical-only cells before reading the floorplan file. When
you run the write_floorplan -preroute command, Design Compiler writes out the
preroute information and the location of the physical-only cells, and the command generates
a secondary floorplan. This secondary floorplan file is generated with an .objects suffix
added to the floorplan file name. The secondary floorplan file contains Tcl commands that
the tool will use to create the power and ground nets and physical-only cells.

The following example creates the floorplan files, floorplan.icl and floorplan.tcl.objects:

dc_shell-topo> write_floorplan -preroute floorplan.tcl
1

The following example shows a floorplan.tcl.objects file:

if {! [sizeof_collection [get_nets -quiet -all "VDD"]11} {

create_net -power VDD

}

if {! [sizeof_collection [get_nets -quiet -all "vSS"]1} {

create_net -ground VSS

}

if {! [sizeof_collection [get_cells -gquiet -all "FIL_1"]1]1} {
create_cell -only physical FIL_1 FILLERX1

}

In the UPF flow, the power and ground nets are typically specified in the UPF file. If you are
using the UPF flow, you must read the UPF file before you read the floorplan files.

If your power and ground nets are not defined yet, it is important that you read the secondary
floorplan file before you read the main floorplan file, as shown in Example 8-27. When you
read the secondary floorplan file, the tool creates the power and ground nets and
physical-only cells in the logical netlist. When you read the main floorplan file, the tool
applies the floorplan information for the power and ground nets and the physical-only cells
to the corresponding objects. This allows the tool to use the preroute information for the
power and ground nets and physical-only cells during optimization.

Example 8-27 Creating and Applying Power and Ground Nets and Physical-Only Cells

dc_shell-topo> read_floorplan floorplan.tcl.objects
1
dc_shell-topo> read_floorplan floorplan.tcl
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Information: Successfully applied 2 of the 2 'create_net_shape'’
commands read. (DCT-143)
1

Manually Defined Physical Constraints

If you do not provide any physical constraints from a floorplanning tool, either in a DEF file
orin a Tcl script, Design Compiler uses the following default physical constraints:

e Aspect ratio of 1.0 (that is, a square placement area)

e Utilization of 0.6 (that is, forty percent of empty space in the core area)

You can also manually define physical constraints as described in the following topics:
* Defining Physical Constraints Overview

* Defining the Die Area

* Defining the Core Placement Area With the create_site_row Command

* Defining Placement Area With the set_aspect_ratio and set_utilization Commands
* Defining Port Locations

* Defining Macro Location and Orientation

* Defining Placement Blockages

* Defining Voltage Area

* Defining Placement Bounds

* Creating Wiring Keepouts

e Creating Preroutes

e Creating User Shapes

* Defining Physical Constraints for Pins

* Creating Design Via Masters

e Creating Vias

* Creating Routing Tracks

¢ Creating Keepout Margins

e Computing Polygons
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Defining Physical Constraints Overview

This topic describes the commands you can use to define the floorplan