


10-2 Chapter 10: Area and Timing Optimization
Introduction

Optimizing Your Design

The first stage in the optimization process is to perform an initial compilation to view
the quality of results for your design. “Initial Compilation: Required Settings” on
page 10-3 provides guidelines on some of the settings and assignments that are
recommended for your initial compilation. “Initial Compilation: Optional Settings”
on page 10-6 describes settings that you might have to turn on based on your design
requirements. “Design Analysis” on page 10-11 explains how to analyze the
compilation results.

= You can use incremental compilation as part of the optimization process. Incremental
compilation can be used as a tool for timing preservation that aids in timing closure,
as well as compilation time reduction; however, it can cause a slight increase in
resource utilization.

=@ For more details about incremental compilation with the Quartus II software, refer to
the Quartus II Incremental Compilation for Hierarchical and Team-Based Design chapter in
volume 1 of the Quartus II Handbook.

After you have analyzed the compilation results, perform the optimization stages in
the recommended order, as described in this chapter.

For LUT-based devices (FPGAs, MAXe Il series of devices), perform optimizations in
the following order:

1. If your design does not fit, refer to “Resource Utilization Optimization Techniques
(LUT-Based Devices)” on page 10-19 before trying to optimize I/O timing or
register-to-register timing.

2. If your design does not meet the required I/ O timing performance, refer to “I/O
Timing Optimization Techniques (LUT-Based Devices)” on page 10-73 before
trying to optimize register-to-register timing.

3. If your design does not meet the required slack on any of the clock domains in the
design, refer to “Register-to-Register Timing Optimization Techniques (LUT-Based
Devices)” on page 10-40.

For macrocell-based devices (MAX 7000 and MAX 3000 CPLDs), perform
optimizations in the following order:

1. If your design does not fit, refer to “Resource Utilization Optimization Techniques
(Macrocell-Based CPLDs)” on page 10-55 before trying to optimize I/O timing or
register-to-register timing.

2. If your timing performance requirements are not met, refer to “Timing
Optimization Techniques (Macrocell-Based CPLDs)” on page 10-60.

3. For device-independent techniques to reduce compilation time, refer to
“Compilation-Time Optimization Techniques” on page 10-64.

You can use all these techniques in the GUI or with Tcl commands. For more
information about scripting techniques, refer to “Scripting Support” on page 10-71.
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Initial Compilation: Required Settings

Device Settings

1/0 Assignments

This section describes the basic assignments and settings for your initial compilation.
Ensure that you check all the following suggested compilation assignments before
compiling the design in the Quartus II software. Significantly different compilation
results can occur depending on the assignments you have set.

The following settings are required:

m “Device Settings”

m “I/O Assignments”

m “Timing Requirement Settings” on page 104
m “Device Migration Settings” on page 10-5

m “Partitions and Floorplan Assignments for Incremental Compilation” on
page 10-6

Assigning a specific device determines the timing model that the Quartus II software
uses during compilation. Choose the correct speed grade to obtain accurate results
and the best optimization. The device size and the package determine the device
pin-out and how many resources are available in the device.

To choose the target device, on the Assignments menu, click Device.
In a Tcl script, use the following command to set the device:

set _gl obal _assi gnnent -nane DEVI CE <devi ce> +

The I/0 standards and drive strengths specified for a design affect 1/O timing.
Specify I/O assignments so that the Quartus II software uses accurate I/O timing
delays in timing analysis and Fitter optimizations.

The Quartus II software can choose pin locations automatically for best quality of
results. If your pin locations are not fixed due to PCB layout requirements, leave pin
locations unconstrained to achieve the best results. If your pin locations are already
fixed, make pin assignments to constrain the compilation appropriately. “Resource
Utilization Optimization Techniques (Macrocell-Based CPLDs)” on page 10-55
includes recommendations for making pin assignments that can have a larger effect
on your quality of results in smaller macrocell-based architectures.

Use the Assignment Editor and Pin Planner to assign I/O standards and pin locations.

For more information about I/O standards and pin constraints, refer to the
appropriate device handbook. For information about planning and checking 1/0
assignments, refer to the I/O Management chapter in volume 2 of the Quartus II
Handbook. For information about using the Assignment Editor, refer to the Assignment
Editor chapter in volume 2 of the Quartus II Handbook.
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Timing Requirement Settings

I

Using comprehensive timing requirement settings is an important step for achieving
the optimal quality of results, for the following reasons:

m Correct timing assignments allow the software to work hardest to optimize the
performance of the timing-critical parts of the design and make trade-offs for
performance. This optimization can also save area or power utilization in
non-critical parts of the design.

m If enabled, the Quartus II software performs physical synthesis optimizations
based on timing requirements (refer to “Physical Synthesis Optimizations” on
page 1041 for more information).

m Depending on the Fitter Effort setting, the Quartus II Fitter can reduce runtime
considerably if your timing requirements are being met. For a full description of
the different effort levels, refer to “Fitter Effort Setting” on page 10-10.

As a general rule, do not over-constrain the software by applying timing
requirements that are higher than your design requirements. Use your real design
requirements to get the best results. Power utilization might also be larger in an
over-constrained design when the software balances power and performance during
compilation.

Both the Classic and TimeQuest Timing Analyzers check your design against the
timing assignments. The compilation report and timing analysis reporting commands
show whether timing requirements are met and provide detailed timing information
about paths that violate timing requirements.

To make clock and timing assignments for the Quartus II TimeQuest Timing
Analyzer, create a Synopsys Design Constraint (.sdc) file that contains all of your
constraints. You can also create constraints in the TimeQuest GUI. Use the

wri t e_sdc command, or, in the TimeQuest Timing Analyzer, on the Constraints
menu, click Write SDC File to write your constraints to an .sdc file. You can add an
.sdc file to your project on the TimeQuest Timing Analyzer page under Timing
Analysis Settings.

To make clock assignments for the Quartus II Classic Timing Analyzer, on the
Assignments menu, click the Timing Analysis Settings. Select the Classic Timing
Analyzer Settings page. Use the Delay requirements, Minimum delay
requirements, and Clock Settings boxes to make global settings, or to apply settings
to individual clocks, click Individual Clocks (recommended for multiple-clock
designs). Create the clock setting and apply it to the appropriate clock node in the
design. The Timing Wizard can also step you through the process of making
individual clock constraints for the Quartus II Classic Timing Analyzer. To run the
Timing Wizard, on the Assignments menu, click Timing Wizard.

The Classic Timing Analyzer is not supported for designs using some of the newer
Altera device families.
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Ensure that every clock signal has an accurate clock setting assignment. If clocks come
from a common oscillator, they can be considered related. Ensure that all related or
derived clocks are set up correctly in the assignments. All I/O pins that require I/O
timing optimization must have settings. You should also specify minimum timing
constraints as applicable. If there is more than one clock or there are differentI/O
requirements for different pins, make multiple clock settings and individual I/O
assignments instead of using the global settings.

Make any complex timing assignments required in the design, including any
cut-timing and multicycle path assignments. Common situations for these types of
assignments include reset or static control signals, cases in which it is not important
how long it takes a signal to reach a destination, and paths that can operate in more
than one clock cycle. These assignments allow the Quartus Il software to make
appropriate trade-offs between timing paths and can enable the Compiler to improve
timing performance in other parts of the design.

For more information about timing assignments and timing analysis, refer to the
Quartus II TimeQuest Timing Analyzer and Quartus Il Classic Timing Analyzer chapters
in volume 3 of the Quartus II Handbook. For more information on how to specify
multicycle exceptions in the TimeQuest Timing Analyzer, refer to AN 481: Applying
Multicycle Exceptions in the TimeQuest Timing Analyzer.

Timing Constraint Check—Report Unconstrained Paths

To ensure that all constraints or assighments have been applied to design nodes, you
can report all unconstrained paths in your design.

While using the Quartus II TimeQuest Timing Analyzer, you can report all the
unconstrained paths in your design with the Report Unconstrained Paths command
(report _ucp) in the Task pane.

If you are using the Quartus II Classic Timing Analyzer, perform the following steps:

1. On the Assignments menu, click Timing Analysis Settings. The Settings dialog
box appears.

2. Under Timing Analysis Settings, select Classic Timing Analyzer Settings.
3. Click More Settings. The More Timing Settings dialog box appears.

4. From the Existing option settings list, select Report Unconstrained Paths. From
the Setting list, select On.

Device Migration Settings

If you anticipate a change to the target device later in the design cycle, either because
of changes in the design or other considerations, plan for it at the beginning of your
design cycle. Whenever you select a target device in Settings dialog box, you can also
list any other compatible devices you can migrate to by clicking on the Migration
Devices button on the Device page. If you plan to move your design to a HardCopy®
device, make sure to select the device from the list under the Companion device tab
on the Device page.

Selecting the migration device and companion device early in the design cycle helps
you to minimize changes to the design at a later stage.
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Partitions and Floorplan Assignments for Incremental Compilation

I

The Quartus Il incremental compilation feature enables hierarchical and team-based
design flows in which you compile parts of your design while other parts of the
design remain unchanged, or import parts of your design from separate Quartus II
projects.

Using the incremental compilation methodology with a good partitioning of the
design can often help to achieve timing closure. Creating LogicLock™ regions and
using incremental compilation can help you achieve timing closure block by block,
and preserve the timing performance between iterations, which helps achieve timing
closure for the entire design.

Using incremental compilation also helps reduce compilation times. For information
about using the incremental compilation feature to reduce your compilation time,
refer to “Incremental Compilation” on page 10-64.

If you want to take advantage of this feature for a team-based design flow to reduce
your compilation times, or to improve the timing performance of your design during
iterative compilation runs, make meaningful design partitions as well as create a
floorplan for your design partitions. Assignments can negatively affect a design’s
quality of results if you do not follow Altera’s recommendations. Good assignments
can improve your quality of results.

If you plan to use incremental compilation, you must create a floorplan for your
design. If you are not using incremental compilation, this step is optional.

For guidelines about how to create partition and floorplan assignments for your
design, refer to the Quartus Il Incremental Compilation for Hierarchical and Team-Based
Design chapter in volume 1 of the Quartus II Handbook.

Initial Compilation: Optional Settings

This section describes the settings that are optional, but that can help to compile your
design. You can selectively set all the optional settings that help to improve
performance (if required) and reduce compilation time. These settings vary between
designs and there is no standard set that applies to all designs. Significantly different
compilation results can occur depending on the assignments you have set.

The following settings are optional:

“Design Assistant” on page 10-7

m “Smart Compilation Setting” on page 10-7

m “Early Timing Estimation” on page 10-7

m “Optimize Hold Timing” on page 10-8

m “Asynchronous Control Signal Recovery /Removal Analysis” on page 10-9

m “Limit to One Fitting Attempt” on page 10-9
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Design Assistant

You can run the Design Assistant to analyze the post-fitting results of your design
during a full compilation. The Design Assistant checks rules related to areas such as
gated clocks, reset signals, asynchronous design practices, and signal race conditions.
This is especially useful during the early stages of your design, so that you can work
on any areas of concern in your design before proceeding with design optimization.

On the Assignments menu, click Settings. In the Category list, select Design
Assistant and turn on Run Design Assistant during compilation.

You can also specify which rules you want the Design Assistant to apply when
analyzing and generating messages for a design.

<o For more information about the rules in the Design Assistant, refer to the Design
Recommendations for Altera Devices and the Quartus II Design Assistant chapter in
volume 1 of the Quartus II Handbook.

Smart Compilation Setting

Smart compilation can reduce compilation time by skipping compiler stages that are
not required to recompile the design. This is especially useful when you perform
multiple compilation iterations during the optimization phase of the design process.
However, smart compilation uses more disk space. To turn on smart compilation, on
the Assignments menu, click Settings. In the Category list, select Compilation
Process Settings and turn on Use smart compilation.

L=~ This feature skips entire compiler stages (such as Analysis and Synthesis) when they
are not required. This feature is different from incremental compilation, which you
can use to compile parts of your design while preserving results for unchanged parts.
For information about using the incremental compilation feature to reduce your
compilation time, refer to “Incremental Compilation” on page 10-64.

Early Timing Estimation

The Quartus II software provides an Early Timing Estimation feature that estimates
your design’s timing results before the software performs full placement and routing.
On the Processing menu, point to Start, and click Start Early Timing Estimate to
generate initial compilation results after you have run analysis and synthesis. When
you want a quick estimate of a design’s performance before proceeding with further
design or synthesis tasks, this command can save significant compilation time. Using
this feature provides a timing estimate up to 45x faster than running a full
compilation, though the fit is not fully optimized or routed. Therefore, the timing
report is only an estimate. On average, the estimated delays are within 11% of those
achieved by a full compilation compared to the final timing results.

You can specify what type of delay estimates to use with this feature. On the
Assignments menu, click Settings. In the Category list, select Compilation Process
Settings, and select Early Timing Estimate. On the Early Timing Estimate page, the
following options are available:

m The Realistic option, which is the default, generates delay estimates that are likely
to be close to the results of a full compilation.
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m The Optimistic option uses delay estimates that are lower than those likely to be
achieved by a full compilation, which results in an optimistic performance
estimate.

m The Pessimistic option uses delay estimates that are higher than those likely to be
achieved by a full compilation, which results in a pessimistic performance
estimate.

All three options offer the same reduction in compilation time.

You can use the Chip Planner or the Timing Closure Floorplan (for older devices) to
view the placement estimate created by this feature to identify critical paths in the
design. Then, if necessary, you can add or modify floorplan constraints such as
LogicLock regions, or make other changes to the design. You can then rerun the Early
Timing Estimator to quickly assess the impact of any floorplan assignments or logic
changes, enabling you to try different design variations and find the best solution.

Optimize Hold Timing

The Optimize Hold Timing option directs the Quartus II software to optimize
minimum delay timing constraints. This option is available only for the Arria® GX,
Stratix®, Cyclone®, MAX Il series of devices, and HardCopy IIl and HardCopy I
ASICs. By default, the Quartus II software optimizes hold timings for all paths for
designs using newer devices such as Arria Il GX, Arria GX, Stratix III, Stratix IV, and
Cyclone III devices. By default, the Quartus II software optimizes hold timings only
for I/O paths and minimum TPD paths for older devices.

When you turn on Optimize Hold Timing, the Quartus II software adds delay to
paths to guarantee that the minimum delay requirements are satisfied. In the Fitter
Settings panel, if you choose I/O Paths and Minimum TPD Paths (the default choice
for older devices such as Cyclone II and Stratix II family of devices if you turn on
Optimize Hold Timing), the Fitter works to meet the following criteria:

m Hold times (t,) from device input pins to registers
® Minimum delays from I/O pins to I/O registers or from I/O registers to I/O pins
®  Minimum clock-to-out time (t.,) from registers to output pins

If you select All Paths, the Fitter also works to meet hold requirements from registers
to registers, as in Figure 10-1, where a derived clock generated with logic causes a
hold time problem on another register. However, if your design has internal hold time
violations between registers, Altera recommends that you correct the problems by
making changes to your design, such as using a clock enable signal instead of a
derived or gated clock.

Figure 10-1. Optimize Hold Timing Option Fixing an Internal Hold Time Violation

Add Routing Defay Here

clk

(=]
o
|

| Logic
Derived Clock Hold-Time Violation
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For design practices that can help eliminate internal hold time violations, refer to the
Design Recommendations for Altera Devices and the Quartus II Design Assistant chapter in
volume 1 of the Quartus II Handbook.

Asynchronous Control Signal Recovery/Removal Analysis

This option determines whether you want the software to analyze the results of
recovery, and removal checks for paths that end at an asynchronous clear, preset, or
load signal of a register. Recovery time is the minimum length of time an
asynchronous control signal, for example, clear and preset, must be stable before the
active clock edge. Removal time is the minimum time an asynchronous control signal
must be stable after the active clock edge. Recovery and removal requirements are
similar to setup and hold time requirements, respectively.

When using TimeQuest for timing analysis, Recovery/Removal analysis and
optimization are always performed during placement and routing. You can use the
create_tim ng_summary Tcl command to report the recovery and removal
analysis. The slack for Removal/Recovery is determined in a similar way to Setup
and Hold checks.

When using the Quartus II Classic Timing Analyzer for timing analysis,
Recovery/Removal analysis is turned off by default. Turning on the option adds
additional constraints during placement and routing, which can increase compilation
time and reduce performance. If this analysis is required, on the Assignments menu,
click Settings. In the Category list, select Timing Requirements & Options, then click
More Settings. Turn on Enable Recovery/Removal analysis. By running the
Recovery/Removal analysis, you can make sure that no timing failures are related to
the asynchronous control signals in your design.

For more details about Recovery/Removal analysis with the TimeQuest Timing
Analyzer, refer to the Quartus Il TimeQuest Timing Analyzer chapter in volume 3 of the
Quartus Il Handbook.

For designs containing FIFOs, Altera recommends turning on Recovery/Removal
analysis. Recovery/Removal analysis helps to analyze corner-case conditions to
achieve better functional coverage.

Limit to One Fitting Attempt

A design might fail to fit for several reasons, such as logic overuse or illegal
assignments. For most of these failures, the Quartus II software informs you of the
problem. However, if the design uses too much routing, the Quartus II software
makes up to two additional attempts to fit your design, each time trying harder than
the last to reduce routing resource utilization. Each of these fit attempts takes
significantly longer than the previous attempt.

However, for large designs, you might not wish to wait for all three attempts, and
would rather receive an error message earlier. This would allow you to take corrective
action sooner. To get an early error indication, turn on Limit to one fitting attempt
from the Fitter Settings page. When you choose this setting for your design, the
Quartus II software quits with an error message after the first failed fitting attempt.

© March 2009  Altera Corporation Quartus 11 Handbook Version 9.0 Volume 2: Design Implementation and Optimization


http://www.altera.com/literature/hb/qts/qts_qii51006.pdf
http://www.altera.com/literature/hb/qts/qts_qii53018.pdf

10-10 Chapter 10: Area and Timing Optimization
Initial Compilation: Optional Settings

Refer to “Routing” on page 10-29 for instructions about how to lower the design’s
routing utilization, so your design can be made to fit into the target device if it fails to
fit due to the lack of routing resources.

Optimize Multi-Corner Timing

Historically, FPGA timing analysis has been performed using only worst-case delays,
which are described in the slow corner timing model. However, due to process
variation and changes in the operating conditions, delays on some paths can be
significantly smaller than those in the slow corner timing model. This can result in
hold time violations on those paths, and in rare cases, additional setup time
violations.

By default, the Fitter optimizes constraints using only the slow corner timing model.
You can turn on the Optimize multi-corner timing option to instruct the Fitter to also
optimize constraints using the fast corner timing model and operating conditions, as
well as the slow corner timing model and operating conditions to avoid the possible
timing violations described above. By optimizing for both fast and slow process
corners, you can create a design implementation that is more robust across process,
temperature, and voltage variations. This option is available only for Arria GX,
Stratix, Cyclone, and MAX Il series of devices.

To turn on the Optimize fast-corner timing option, on the Assignments menu, click
Settings. In the Category list, select Fitter Settings and turn on Optimize fast-corner
timing. Using the two different timing models can be important to account for
process, voltage, and temperature variations for each device. Turning this option on
increases compilation time by approximately 10%.

For designs with external memory interfaces such as DDR and QDR, Altera
recommends that you turn on the Optimize fast-corner timing setting.

Fitter Effort Setting

To set the Fitter effort, on the Assignments menu, click Settings. In the Category list,
select Fitter Settings. The Fitter effort settings are Auto Fit, Standard Fit, and Fast
Fit. The default setting depends on the device family specified.

Auto Fit

The Auto Fit option (available for Arria GX, Stratix, Cyclone, and MAX II series of
devices) focuses the full Fitter effort on those aspects of the design that require further
optimization. Auto Fit can significantly reduce compilation time relative to Standard
Fit if your design has some easy-to-meet timing requirements, low routing resource
utilization, or both. However, those designs that require full optimization generally
receive the same effort as is achieved by selecting Standard Fit. Auto Fit is the default
Fitter effort setting for all devices for which this option is available.

If you want the Fitter to attempt to exceed the timing requirements by a certain
margin instead of simply meeting them, specify a minimum slack in the Desired
worst case slack box.

L=~ Specifying a minimum slack does not guarantee that the Fitter achieves the slack

requirement; it only guarantees that the Fitter applies full optimization unless the
target slack is exceeded.
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In some designs with multiple clocks, it might be possible to improve the timing
performance on one clock domain while reducing the performance on other clock
domains by over-constraining the most important clock. If you use this technique,
ensure that any performance improvements that you see are real gains by performing
a sweep over multiple seeds. For more information, refer to “Fitter Seed” on

page 10-47.

Over-constraining the clock for which you require maximum slack, while using the
Auto Fit option, increases the chances that the Fitter is able to meet this requirement.

The Auto Fit option also causes the Quartus II Fitter to optimize for shorter
compilation times instead of maximum performance if the design includes no timing
assignments. For designs with no timing assignments, the resulting f,;, is, on
average, 10% lower than that achieved using the Standard Fit option. If your design
has aggressive timing requirements or is hard to route, the placement does not stop
early and the compilation time is the same as using the Standard Fit option. For
designs with no timing requirements or easily achieved timing requirements, you can
achieve an average compilation time reduction of 40% by using the Auto Fit option.

The Auto Fit option might increase the number of routing wires used. This can lead to
an increase in the dynamic power when compared to using the Standard Fit option,
unless the Extra effort option in the PowerPlay power optimization list is also
enabled. When you turn on Extra effort, Auto Fit continues to optimize for reduction
of wire usage even after meeting the register-to-register requirement. There is no
adverse effect on the dynamic power consumption. If dynamic power consumption is
a concern, select Extra effort in both the Analysis & Synthesis Settings and the Fitter
Settings pages.

«e For more details, refer to the “Power Driven Compilation” section in the Power
Optimization chapter in volume 2 of the Quartus II Handbook.

Standard Fit

Use the Standard Fit option to exceed specified timing requirements and achieve the
best possible timing results and lowest routing resource utilization for your design.
However, this setting usually increases compilation time relative to Auto Fit, because
it applies full optimization, regardless of the design requirement.

Fast Fit

The Fast Fit option reduces the amount of optimization effort for each algorithm
employed during fitting. This option reduces the compilation time by about 50%,
resulting in a fit that has, on average, 10% lower f,;, than that achieved using the
Standard Fit setting.

Design Analysis

The initial compilation establishes whether the design achieves a successful fit and
meets the specified performance. This section describes how to analyze your design
results in the Quartus II software. After design analysis, proceed to optimization as
described in “Optimizing Your Design” on page 10-2.
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Error and Warning Messages

After your initial compilation, it is important to evaluate all error and warning
messages to see if any design or setting changes are required. If required, make these
changes and recompile the design before proceeding with design optimization.

To suppress messages that you have evaluated and that can be ignored, right-click on
the message in the Messages window and click Suppress.

For more information about message suppression, refer to the “Message
Suppression” section in the Managing Quartus II Projects chapter in volume 2 of the
Quartus Il Handbook.

Ignored Timing Assignments

You can use the Ignored Timings Assignments page in the Compilation Report to
view any assignments that were ignored by the Quartus II Classic Timing Analyzer
during the previous compilation. The Quartus II Classic Timing Analyzer ignores
assignments that are invalid, conflict with other assignments, or become obsolete
through the use of other assignments. If any assignments are ignored, analyze why
they were ignored. If necessary, correct the assignments and recompile the design
before proceeding with design optimization.

If you are using TimeQuest for timing analysis, you can list any ignored constraints
by clicking Report Ignored Constraints in the Reports menu in the TimeQuest GUI or
by using the following command to generate a listing of ignored timing constraints:

report_sdc -ignored -panel _name "lgnored Constraints" «

For more information about the r epor t _sdc command and its options, refer to the
Quartus Il TimeQuest Timing Analyzer chapter in volume 3 of the Quartus II Handbook.

Resource Utilization

Determining device utilization is important regardless of whether a successful fit is
achieved. If your compilation results in a no-fit error, resource utilization information
is important for analyzing the fitting problems in your design. If your fitting is
successful, review the resource utilization information to determine whether the
future addition of extra logic or other design changes can introduce fitting difficulties.

To determine resource usage, refer to the Flow Summary section of the Compilation
Report. This section reports how many resources are used, including pins, memory
bits, digital signal processing (DSP) block 9-bit elements (for Arria GX, Stratix, and
Stratix II devices) or 18-bit elements (for Arria I GX, Stratix IV and Stratix III devices),
and phase-locked loops (PLLs). The Flow Summary indicates whether the design
exceeds the available device resources. More detailed information is available by
viewing the reports under Resource Section in the Fitter section of the Compilation
Report.

For Arria II GX, Arria GX, Stratix IV, Stratix III, and Stratix II devices, a device with
low utilization does not have the lowest adaptive logic module (ALM) utilization
possible. For these devices, the Fitter uses adaptive look-up tables (ALUTs) in
different ALMs—even when the logic can be placed within one ALM—to achieve the
best timing and routability results. In achieving these results, the Fitter can spread
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logic throughout the device. As the device fills up, the Fitter automatically searches
for logic functions with common inputs to place in one ALM. The number of
partnered ALUTs and packed registers also increases. Therefore, a design that is
reported as close to 100% full might still have space for extra logic if logic and
registers can be packed together more aggressively.

If resource usage is reported as less than 100% and a successful fit cannot be achieved,
either there are not enough routing resources or some assignments are illegal. In
either case, a message appears in the Processing tab of the Messages window
describing the problem.

If the Fitter finishes faster than the Fitter runs on similar designs, a resource might be
over-utilized or there might be an illegal assignment. If the Quartus II software seems
to run for an excessively long time compared to runs on similar designs, a legal
placement or route probably cannot be found. Look for errors and warnings that
indicate these types of problems.

Refer to “Limit to One Fitting Attempt” on page 10-9 for more information about how
to get a quick error message on hard-to-fit designs.

You can use the Chip Planner or the Timing Closure Floorplan (for older devices) to
find areas of the device that have routing congestion.

<o For details about using the Chip Planner and the Timing Closure Floorplan tools,
refer to the Analyzing and Optimizing the Design Floorplan chapter in volume 2 of the
Quartus Il Handbook.

1/0 Timing (Including t,,)

The Quartus II TimeQuest Timing Analyzer supports the Synopsys Design
Constraints (SDC) format for constraining your design. When using TimeQuest for
timing analysis, use the set _i nput _del ay constraint to specify the data arrival time
at an input port with respect to a given clock. For output ports, use the

set _out put _del ay command with respect to a given clock. You can use the
report _tim ng Tcl command to generate the required I/O timing reports.

If you are using the Quartus II Classic Timing Analyzer, from the Compilation
Report, select Timing Analyzer to determine whether or not I/O timing has been met.
The tg, t;, and t, reports list the I/O paths, together with the required timing
number if you have specified a timing requirement, the actual timing number for the
timing as reported by the Quartus II software, and the slack (the difference between
your requirement and the actual number). If you have any point-to-point propagation
delay (t;p) assignments, the t,, report lists the corresponding paths.

The I/0 paths that do not meet the required timing performance are reported as
having negative slack and are displayed in red. In cases when you do not make an
explicit I/O timing assignment to an I/O pin, the Quartus II timing analysis software
still reports the Actual number, which is the timing number that must be met for that
timing parameter when the device runs in your system.

To analyze the reasons why your timing requirements were not met, right-click an
entry in the report and click List Paths. A message listing the paths appears in the
System tab of the Messages window. To expand a selection, click the “+” icon at the
beginning of the line (Figure 10-2). This is a good method to determine where the
greatest delay is located along the path.
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The List Paths report lists the slack time and how that slack time was calculated. By
expanding the various entries, you can see the incremental delay through each node
in the path as well as the total delay. The incremental delay is the sum of the
interconnect delay (I C) and the cell delay (CELL) through the logic.

Figure 10-2. 1/0 Slack Report
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System A Processing

To analyze I/O timing, right-click on an I/O entry in the report, point to Locate, and
click Locate in Chip Planner or Timing Closure Floorplan (for older devices) to
highlight the I/O path on the floorplan. Negative slack indicates paths that failed to
meet their timing requirements. Other options allow you to see all the intermediate
nodes (combinational logic cells) on a path and the delay for each level of logic, or to
see the fan-in and fan-out of a selected node.

«® For more information about how timing numbers are calculated, refer to the
Quartus Il Classic Timing Analyzer chapter or the Quartus II TimeQuest Timing Analyzer
chapter in volume 3 of the Quartus II Handbook.

Register-to-Register Timing

This section contains the following sections:

m “Timing Analysis with the TimeQuest Timing Analyzer”

m “Tips for Analyzing Failing Paths”

m “Tips for Analyzing Failing Clock Paths that Cross Clock Domains”

Timing Analysis with the TimeQuest Timing Analyzer

If you are using the TimeQuest Timing Analyzer, you should analyze all valid
register-to-register paths by using appropriate constraints. Use the r epor t _ti mi ng
command to generate the required timing reports for any register-to-register path.
Your design meets timing requirements when you do not have negative slack on any
register-to-register path on any of the clock domains.

All paths that do not meet the timing requirement are shown with a negative slack
and appear in red color in the TimeQuest Timing Analyzer GUL

When you select a path listed in the TimeQuest report timing panel, the
corresponding Path Summary that indicates the source and destination registers, the
complete data path that indicates various nodes in the path, and the waveforms of
relevant signals are displayed (Figure 10-3). You can locate a selected path in the Chip
Planner or the Technology Map Viewer by using the right-click menu. You can use
this to analyze your failing paths or timing critical paths. Similarly, if you know that a
path is not a valid path, you can set it to be a false path using the right-click menu.
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To see the path details of any selected path, click on the Data Path tab in the path
details pane that appears. This displays the details of the Data Arrival Path, as well as
the Data Required Path. For a graphical view of the information, click on the
Waveform tab.

Figure 10-3. TimeQuest Timing Analyzer GUI
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Timing Analysis with the Classic Timing Analyzer

If you are using the Quartus II Classic Timing Analyzer, in the Compilation Report
window, use the Timing Analyzer section to determine whether register-to-register
timing requirements are met. The Clock Setup folder displays figures for the actual
register-to-register for each clock and the slack delays as reported by the Quartus II
software. The paths that do not meet timing requirements are shown with a negative
slack and appear in red.

To determine why your timing requirements were not met, right-click on an entry in
the report and click List Paths. A message listing the paths appears in the System tab
of the Messages window. The expanded report for the path appears (Figure 10-4).
Click the “+” icon at the beginning of the line. Use this method to determine where
the greatest delay is located along the path.
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The List Paths report shows the slack time and how that slack time was calculated. By
expanding the various entries, you can see the incremental delay through each node
in the path as well as the total delay. The incremental delay is the sum of the

interconnect delay (I C) and the cell delay (CELL) through the logic.

Figure 10-4. fyax Slack Report
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To visually analyze register-to-register timing paths, right-click on a path, point to
Locate, and click Locate in Chip Planner. For older devices, such as APEX™ series
devices, ACEX®, FLEX® 10K, and MAX 7000 devices, click Locate in Timing Closure
Floorplan to perform this analysis. The Chip Planner or Timing Closure Floorplan
appears with the path highlighted. Use the Critical Path Settings to select which
failing paths to show. To turn critical paths on or off, use the Show Critical Paths

command.

«e® For more information about how timing analysis results are calculated, refer to the

Quartus 1I Classic Timing Analyzer and the Quartus II TimeQuest Timing Analyzer
chapters in volume 3 of the Quartus II Handbook.

You also can see the logic in a particular path by cross-probing to the RTL Viewer or

Technology Map Viewer. These viewers allow you to see a gate-level or

technology-mapped representation of your design netlist. To locate a timing path in
one of the viewers, right-click on a path in the report, point to Locate, and click Locate
in RTL Viewer or Locate in Technology Map Viewer. When you locate a timing path
in the Technology Map Viewer, the annotated schematic displays the same delay

information that is shown when you use the List Paths command.

<o For more information about the netlist viewers, refer to the Analyzing Designs with
Quartus 11 Netlist Viewers chapter in volume 1 of the Quartus 11 Handbook.
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Tips for Analyzing Failing Paths

When you are analyzing clock path failures, focus on improving the paths that show
the worst slack. The Fitter works hardest on paths with the least slack. If you fix these
paths, the Fitter might be able to improve the other failing timing paths in the design.

Check for particular nodes that appear in many failing paths. Look for paths that have
common source registers, destination registers, or common intermediate
combinational nodes. In some cases, the registers might not be identical, but are part
of the same bus. In the timing analysis report panels, clicking on the From or To
column headings can be helpful to sort the paths by the source or destination
registers. Clicking first on From, then on To, uses the registers in the To column as the
primary sort and From as the secondary sort. If you see common nodes, these nodes
indicate areas of your design that might be improved through source code changes or
Quartus IT optimization settings. Constraining the placement for just one of the paths
might decrease the timing performance for other paths by moving the common node
further away in the device.

Tips for Analyzing Failing Clock Paths that Cross Clock Domains

When analyzing clock path failures, check whether these paths cross between two
clock domains. This is the case if the From Clock and To Clock in the timing analysis
report are different. There can also be paths that involve a different clock in the
middle of the path, even if the source and destination register clock are the same. To
analyze these paths in more detail, right-click on the entry in the report and click List
Paths.

Expand the List Paths entry in the Messages window and analyze the largest
register-to-register requirement. Evaluate the setup relationship between the source
and destination (launch edge and latch edge) to determine if that is reducing the
available setup time. For example, the path can start at a rising edge and end ata
falling edge, which reduces the setup relationship by one half clock cycle.

Check if the PLL phase shift is reducing the setup requirement. You might be able to
adjust this using PLL parameters and settings.

Check if the PLL compensation delay is reducing the setup relationship. If you are
using the Quartus II Classic Timing Analyzer, you can direct the software to analyze
this delay as clock skew by enabling Clock Latency analysis. On the Assignments
menu, click Timing Analysis Settings. In the Category list, select Classic Timing
Analyzer Settings and click More Settings. In the Name list, select Enable Clock
Latency. In the Setting list, select On. Typically, you must enable this option if your
design results in timing violations for paths that pass between PLL clock domains.
The Quartus II TimeQuest Timing Analyzer performs this analysis by default.

Paths that cross clock domains are generally protected with synchronization logic (for
example, FIFOs or double-data synchronization registers) to allow asynchronous
interaction between the two clock domains. In such cases, you can ignore the timing
paths between registers in the two clock domains while running timing analysis, even
if the clocks are related.
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The Fitter attempts to optimize all failing timing paths. If there are paths that can be
ignored for optimization and timing analysis, but the paths do not have constraints
that instruct the Fitter to ignore them, the Fitter tries to optimize those paths as well.
In some cases, optimizing unnecessary paths can prevent the Fitter from meeting the
timing requirements on timing paths that are critical to the design. It is beneficial to
specify all paths that can be ignored, so that the Fitter can put more effort into the
paths that must meet their timing requirements instead of optimizing paths that can
be ignored.

For more details about how to ignore timing paths that cross clock domains, refer to
the Quartus II Classic Timing Analyzer chapter or the Quartus I TimeQuest Timing
Analyzer chapter in volume 3 of the Quartus II handbook.

Evaluate the clock skew between the source clock and the destination clock to
determine if that is reducing the available setup time. You can check the shortest and
longest clock path reports to see what is causing the clock skew. Avoid using
combinational logic in clock paths because it contributes to clock skew. Differences in
the logic or in its routing between the source and destination can cause clock skew
problems and result in warnings during compilation.

Global Routing Resources

Global routing resources are designed to distribute high-fan-out, low-skew signals
(such as clocks) without consuming regular routing resources. Depending on the
device, these resources can span the entire chip, or some smaller portion, such as a
quadrant. The Quartus II software attempts to assign signals to global routing
resources automatically, but you might be able to make more suitable assignments
manually.

Refer to the relevant device handbook for details about the number and types of
global routing resources available.

Check the global signal utilization in your design to ensure that appropriate signals
have been placed on global routing resources. In the Compilation Report, open the
Fitter report and click the Resource Section. Analyze the Global & Other Fast Signals
and Non-Global High Fan-out Signals reports to determine whether any changes are
required.

You might be able to reduce clock skew for high fan-out signals by placing them on
global routing resources. Conversely, you can reduce the insertion delay of low
fan-out signals by removing them from global routing resources. Doing so can
improve clock enable timing and control signal recovery/removal timing, but
increases clock skew. You can also use the Global Signal setting in the Assignment
Editor to control global routing resources.
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Compilation Time

In long compilations, most of the time is spent in the Analysis & Synthesis and Fitter
modules. Analysis & Synthesis includes synthesis netlist optimizations, if you have
turned on that option. The Fitter includes two steps, placement and routing, and also
includes physical synthesis if you turned on that option. The Flow Elapsed Time
section of the Compilation Report shows how much time is spent running the
Analysis & Synthesis and Fitter modules. The Fitter Messages report in the Fitter
section of the Compilation Report shows the specific time that was spent in placement
and how much time was spent in routing.

Placement is the process of finding optimum locations for the logic in your design.
Routing is the process of connecting the nets between the logic in your design. There
are many possible placements for the logic in a design, and finding better placements
typically takes more compilation time. Good logic placement allows you to more
easily meet your timing requirements and makes the design easier to route.

[~ The applicable messages are indicated as shown in the following example, with each
time component in two-digit format:

Info: Fitter placenent operations ending: elapsed time = <days: hours: mns: secs>
Info: Fitter routing operations ending: elapsed tinme = <days: hours: m ns: secs>

I'=" Days are not shown if the time is less than one day.

While the Fitter is running (including Placement and Routing), hourly info messages
similar to the following message are displayed every hour to indicate Fitter
operations are progressing normally.

Info: Placement optinizati ons have been running for x hour(s)

In this case, x indicates the number of hours the process has run.

Resource Utilization Optimization Techniques (LUT-Based Devices)

After design analysis, the next stage of design optimization is to improve resource
utilization. Complete this stage before proceeding to I/O timing optimization or
register-to-register timing optimization. Ensure that you have already set the basic
constraints described in “Initial Compilation: Required Settings” on page 10-3 before
proceeding with the resource utilization optimizations discussed in this section. If a
design does not fit into a specified device, use the techniques in this section to achieve
a successful fit. After you optimize resource utilization and your design fits in the
desired target device, optimize I/O timing as described in “I/O Timing Optimization
Techniques (LUT-Based Devices)” on page 10-73. These tips are valid for all FPGA
families and the MAX II family of CPLDs.

Using the Resource Optimization Advisor

The Resource Optimization Advisor provides guidance in determining settings that
optimize the resource usage. To run the Resource Optimization Advisor, on the Tools
menu, point to Advisors, and click Resource Optimization Advisor.
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The Resource Optimization Advisor provides step-by-step advice about how to
optimize the resource usage (logic element, memory block, DSP block, I/0, and
routing) of your design. Some of the recommendations in these categories might
contradict each other. Altera recommends evaluating the options, and choosing the
settings that best suit your requirements.

Resolving Resource Utilization Issues Summary

Resource utilization issues can be divided into the following three categories:

m Issues relating to I/O pin utilization or placement, including dedicated I/O blocks
such as PLLs or LVDS transceivers (refer to “I/O Pin Utilization or Placement”).

m Issues relating to logic utilization or placement, including logic cells containing
registers and look-up tables as well as dedicated logic, such as memory blocks and
DSP blocks (refer to “Logic Utilization or Placement” on page 10-21).

m Issues relating to routing (refer to “Routing” on page 10-29).

1/0 Pin Utilization or Placement

Use the suggestions in the following sections to help you resolve I/ O resource
problems.

Use I/0 Assignment Analysis

On the Processing menu, point to Start and click Start I/O Assignment Analysis to
help with pin placement. The Start I/O Assignment Analysis command allows you to
check your I/ O assignments early in the design process. You can use this command to
check the legality of pin assignments before, during, or after compilation of your
design. If design files are available, you can use this command to accomplish more
thorough legality checks on your design’s I/ O pins and surrounding logic. These
checks include proper reference voltage pin usage, valid pin location assignments,
and acceptable mixed I/O standards.

Common issues with I/O placement relate to the fact that differential standards have
specific pin pairings, and certain I/O standards might be supported only on certain
I/ O banks.

If your compilation or I/O assignment analysis results in specific errors relating to
I/0O pins, follow the recommendations in the error message. Right-click on the
message in the Messages window and click Help to open the Quartus II Help topic for
this message.

Modify Pin Assignments or Choose a Larger Package

If a design that has pin assignments fails to fit, compile the design without the pin
assignments to determine whether a fit is possible for the design in the specified
device and package. You can use this approach if a Quartus II error message indicates
fitting problems due to pin assignments.

If the design fits when all pin assignments are ignored or when several pin
assignments are ignored or moved, you might have to modify the pin assignments for
the design or choose a larger package.
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If the design fails to fit because insufficient I/Os are available, a successful fit can
often be obtained by using a larger device package (which can be the same device
density) that has more available user I/O pins.

«® For more information about I/O assignment analysis, refer to the /O Management
chapter in volume 2 of the Quartus II Handbook.

Logic Utilization or Placement

Use the suggestions in the following subsections to help you resolve logic resource
problems, including logic cells containing registers and lookup tables (LUTs), as well
as dedicated logic such as memory blocks and DSP blocks.

Optimize Synthesis for Area, Not Speed

If your design fails to fit because it uses too much logic, resynthesize the design to
improve the area utilization. First, ensure that you have set your device and timing
constraints correctly in your synthesis tool. Particularly when the area utilization of
the design is a concern, ensure that you do not over-constrain the timing
requirements for the design. Synthesis tools generally try to meet the specified
requirements, which can result in higher device resource usage if the constraints are
too aggressive.

If resource utilization is an important concern, some synthesis tools offer an easy way
to optimize for area instead of speed. If you are using Quartus II integrated synthesis,
choose Balanced or Area for the Optimization Technique. You can also specify this
logic option for specific modules in your design with the Assignment Editor in cases
where you want to reduce area using the Area setting (potentially at the expense of
register-to-register timing performance) while leaving the default Optimization
Technique setting at Balanced (for the best trade-off between area and speed for
certain device families) or Speed. You can also use the Speed Optimization
Technique for Clock Domains logic option to specify that all combinational logic in
or between the specified clock domain(s) is optimized for speed.

In some synthesis tools, not specifying an f,;,, requirement can result in less resource
utilization.

I'=" In the Quartus II software, the Balanced setting typically produces utilization results
that are very similar to those produced by the Area setting, with better performance
results. The Area setting can give better results in some unusual cases.

«e For information about setting timing requirements and synthesis options in
Quartus II integrated synthesis and other synthesis tools, refer to the appropriate
chapter in Section I1I. Synthesis in volume 1 of the Quartus Il Handbook, or your
synthesis software’s documentation.

The Quartus II software provides additional attributes and options that can help
improve the quality of your synthesis results.

Restructure Multiplexers

Multiplexers form a large portion of the logic utilization in many FPGA designs. By
optimizing your multiplexed logic, you can achieve a more efficient implementation
in your Altera device.
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The Quartus II software provides the Restructure Multiplexers logic option, which
can extract and optimize buses of multiplexers during synthesis. This option is
available on the Analysis & Synthesis Settings page of the Settings dialog box and is
useful if your design contains buses of fragmented multiplexers. This option
restructures multiplexers more efficiently for area, allowing the design to implement
multiplexers with a reduced number of logic elements (LEs) or ALMs. Using the
Restructure Multiplexers logic option can reduce your design’s register-to-register
timing performance. This option is turned on automatically when you set the
Quartus II Analysis & Synthesis Optimization Technique option to Area or
Balanced. To change the default setting, on the Assignments menu, click Settings. In
the Category list, select Analysis & Synthesis Settings, and click the appropriate
option from the Restructure Multiplexers list to set the option globally.

For design guidelines to achieve optimal resource utilization for multiplexer designs,
refer to the Recommended HDL Coding Styles chapter in volume 1 of the Quartus II
Handbook. For more information about the Restructure Multiplexers option in the
Quartus II software, refer to the Quartus II Integrated Synthesis chapter in volume 1 of
the Quartus II Handbook.

Perform WYSIWYG Resynthesis with Balanced or Area Setting

If you use another EDA synthesis tool and want to determine if the Quartus I
software can remap the circuit to use fewer LEs or ALMs, follow these steps:

1. On the Assignments menu, click Settings.

2. In the Category list, select Analysis & Synthesis Settings. The Analysis &
Synthesis Settings page appears.

3. Turn on Perform WYSIWYG primitive resynthesis (using optimization
techniques specified in Analysis & Synthesis settings). Or, on the Assignments
menu, click Assignment Editor, and set the Perform WYSIWYG Primitive
Resynthesis logic option for a specific module in your design.

4. On the same page, choose Balanced or Area under Optimization Technique. Or,
on the Assignments menu, click Assignment Editor. Set the Optimization
Technique to Balanced or Area for a specific module in your design.

5. Recompile the design.

The Balanced setting typically produces utilization results that are very similar to the
Area setting with better performance results. The Area setting can give better results
in some unusual cases. Performing WYSIWYG resynthesis for area in this way
typically reduces register-to-register timing performance.

Use Register Packing

The Auto Packed Registers option implements the functions of two cells into one
logic cell by combining the register of one cell in which only the register is used with
the LUT of another cell in which only the LUT is used. Figure 10-5 shows register
packing and the gain of one logic cell in the design.
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Figure 10-5. Register Packing
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Registers can also be packed into DSP blocks (Figure 10-6).

Figure 10-6. Register Packing in DSP Blocks
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The following list shows the most common cases in which register packing helps to

optimize a design:

A LUT can be implemented in the same cell as an unrelated register with a single
data input

A LUT can be implemented in the same cell as the register that is fed by the LUT

A LUT can be implemented in the same cell as the register that feeds the LUT

A register can be packed into a RAM block

A register can be packed into a DSP block

A register can be packed into an I/O Element (IOE)

The following options are available for register packing (for certain device families):

m Off—Does not pack registers

m  Normal—Packs registers when this is not expected to hurt timing results

m Minimize Area—Aggressively packs registers to reduce area
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® Minimize Area with Chains—Aggressively packs registers to reduce area. This
option packs registers with carry chains. It also converts registers into register
cascade chains and packs them with other logic to reduce area. This option is
available only for Arria GX, Stratix, Cyclone, and MAX I1 series of devices.

m  Auto—This is the default setting for register packing. This setting tells the Fitter to
attempt to achieve the best performance while maintaining a fit for the design in
the specified device. The Fitter combines all combinational (LUT) and sequential
(register) functions that benefit circuit speed. In addition, more aggressive
combinations of unrelated combinational and sequential functions are performed
to the extent required to reduce the area of the design to achieve a fit in the
specified device. This option is available only for Arria GX, Stratix, and Cyclone
series of devices.

m Sparse—In this mode, the combinational (LUT) and sequential (register) functions
are combined such that the combined logic has either a combinational output or a
sequential output, but not both. This mode is available only for Arria II GX,

Arria GX, Stratix I, Stratix II, Cyclone I1I, and Cyclone II devices. This option
results in a higher logic array block (LAB) usage, but might give you better timing
performance because of reduced routing congestion.

m Sparse Auto—In this mode, the Quartus II Fitter starts with sparse mode packing,
and then attempts to achieve best performance while maintaining a fit for the
specified device. Later optimizations are carried out in a way similar to the Auto
mode. This mode is available only for Arria II GX, Arria GX, Stratix IV, Stratix III,
Stratix II, Cyclone III, and Cyclone II devices.

Turning on register packing decreases the number of LEs or ALMs in the design, but
could also decrease performance in some cases. On the Assignments menu, click
Settings. In the Category list, select Fitter Settings, and then click More Settings.
Turmn on Auto Packed Registers to turn on register packing.

The area reduction and performance results with register packing can vary greatly
depending on the design.

The Auto setting performs more aggressive register packing as required, so the
typical results vary depending on the device resource utilization.

Remove Fitter Constraints

A design with conflicting constraints or constraints that are difficult to meet might not
fit in the targeted device. This can occur when the location or LogicLock assignments
are too strict and not enough routing resources are available on the device.

In this case, use the Routing Congestion view in the Chip Planner or Timing Closure
Floorplan (for older devices) to locate routing problems in the floorplan, then remove
any location or LogicLock region assignments in that area. If your design still does not
fit, the design is over-constrained. To correct the problem, remove all location and
LogicLock assignments and run successive compilations, incrementally constraining
the design before each compilation. You can delete specific location assignments in
the Assignment Editor, the Chip Planner, or the Timing Closure Floorplan. To remove
LogicLock assignments in the Chip Planner (or in the Timing Closure Floorplan), in
the LogicLock Regions Window, or on the Assignments menu, click Remove
Assignments. Turn on the assignment categories you want to remove from the design
in the Available assignment categories list.
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“ . For more information about the Routing Congestion view in the Chip Planner and

the Timing Closure Floorplan, refer to Analyzing and Optimizing the Design Floorplan in
volume 2 of the Quartus II Handbook. Also refer to the Quartus II Help.

Change State Machine Encoding

State machines can be encoded using various techniques. Using binary or gray code
encoding typically results in fewer state registers than one-hot encoding, which
requires one register for every state bit. If your design contains state machines,
changing the state machine encoding to one that uses the minimal number of registers
might reduce resource utilization. The effect of state machine encoding varies
depending on the way your design is structured.

If your design does not manually encode the state bits, you can specify the state
machine encoding in your synthesis tool. When using Quartus II integrated synthesis,
on the Assignments menu, click Settings. In the Category list, select Analysis &
Synthesis Settings and turn on Minimal Bits for State Machine Processing. You also
can specify this logic option for specific modules or state machines in your design
with the Assignment Editor.

You can also use the following Tcl command in scripts to modify the state machine
encoding.

set _gl obal _assi gnnent -nane state_nmchine_processi ng <val ue>
In this case, <value> can be AUTO, ONE- HOT, M NI MAL BI TS, or USER- ENCODE.

Flatten the Hierarchy During Synthesis

Synthesis tools typically provide the option of preserving hierarchical boundaries,
which can be useful for verification or other purposes. However, optimizing across
hierarchical boundaries allows the synthesis tool to perform the most logic
minimization, which can reduce area. Therefore, to achieve the best results, flatten
your design hierarchy whenever possible. If you are using Quartus Il integrated
synthesis, ensure that the Preserve Hierarchical Boundary logic option is turned off,
that is, make sure that you have not turned on the option in the Assignment Editor or
with Tcl assignments. If you are using Quartus II incremental compilation, you
cannot flatten your design across design partitions. Incremental compilation always
preserves the hierarchical boundaries between design partitions. Follow Altera’s
recommendations for design partitioning, such as registering partition boundaries to
reduce the effect of cross-boundary optimizations.

«® For more information about using incremental compilation and recommendations for
design partitioning, refer to the Quartus II Incremental Compilation for Hierarchical and
Team-Based Design chapter in volume 1 of the Quartus II Handbook.

Retarget Memory Blocks

If the design fails to fit because it runs out of device memory resources, your design
might require a certain type of memory the device does not have. For example, a
design that requires two M-RAM blocks can be targeted to a Stratix EP1510 device,
which has only one M-RAM block. You might be able to obtain a fit by building one of
the memories with a different size memory block, such as an M4K memory block.
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If the memory block was created with the MegaWizard™ Plug-In Manager, open the
MegaWizard Plug-In Manager and edit the RAM block type so it targets a new
memory block size.

ROM and RAM memory blocks can also be inferred from your HDL code, and your
synthesis software can place large shift registers into memory blocks by inferring the
ALTSHIFT_TAPS megafunction. This inference can be turned off in your synthesis
tool to cause the memory to be placed in logic instead of in memory blocks. To disable
inference when using Quartus Il integrated synthesis, perform the following steps:

1. On the Assignments menu, click Settings. The Settings dialog box appears.

2. In the Category list, select Analysis & Synthesis. The Analysis & Synthesis page
appears.

3. Turn off the Auto RAM Replacement, Auto ROM Replacement, or Auto Shift
Register Replacement logic option as appropriate for your project. Or, disable the
option for a specific entity in the Assignment Editor.

Depending on your synthesis tool, you can also set the RAM block type for inferred
memory blocks. In Quartus Il integrated synthesis, set the ramstyle attribute to the
desired memory type for the inferred RAM blocks, or set the option to logic to
implement the memory block in standard logic instead of a memory block.

Consider the resource utilization by hierarchy in the report file, and determine
whether there is an unusually high register count in any of the modules. Some coding
styles can prevent the Quartus II software from inferring RAM blocks from the source
code because of their architectural implementation and forces the software to
implement the logic in flipflops. As an example, a function such as an asynchronous
reset on a register bank might make it incompatible with the RAM blocks in the
device architecture, so that the register bank is implemented in flipflops. It is often
possible to move a large register bank into RAM by slight modification of associated
logic.

For more information about memory inference control in other synthesis tools, refer
to the appropriate chapter in Section II1. Synthesis in volume 1 of the Quartus II
Handbook, or your synthesis software’s documentation. For more information about
coding styles and HDL examples that ensure memory inference, refer to the
Recommended HDL Coding Styles chapter in volume 1 of the Quartus II Handbook.

Use Physical Synthesis Options to Reduce Area

The physical synthesis options for fitting can help you decrease the resource usage;
additional optimizations for fitting are available. When you enable these settings for
physical synthesis for fitting, the Quartus II software makes placement-specific
changes to the netlist that reduce resource utilization for a specific Altera device.

The compilation time might increase considerably when you use physical synthesis
options.

With the Quartus Il software, you can apply physical synthesis options to specific
instances, which can reduce the impact on compilation time. Physical synthesis
instance assignments allow you to enable physical synthesis algorithms for specific
portions of their design.
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If you want the performance gain from physical synthesis, but do not want a specific
hierarchy of the design to be modified, you can selectively disable physical synthesis
for that hierarchy. Likewise, if you do not want to run physical synthesis for most
parts of the design, but require the algorithms for a specific module in the design, you
can enable physical synthesis for a single module.

The following physical synthesis optimizations for fitting are available:
m Physical synthesis for combinational logic
m Map logic into memory

On the Assignments menu, click Settings. In the Category list, expand Compilation
Process Settings and select Physical Synthesis Optimization. The Physical
Synthesis Optimization page appears. Under Optimize for fitting, turn on the
options to enable physical synthesis optimizations during fitting. You can also specify
the physical synthesis effort, which sets the level of physical synthesis optimization
that you want the Quartus II software to perform.

The Perform physical synthesis for combinational logic option allows the Quartus II
Fitter to resynthesize the combinational logic in a design to reduce the resource
utilization to help achieve a fit.

The Perform logic to memory mapping option allows the Quartus II Fitter to
automatically map logic into unused memory blocks during fitting, reducing the
number of logic elements required to implement the design.

To apply physical synthesis assignments for fitting on a per instance basis, use the
Quartus I Assignment Editor. The following assignments are available as instance
assignments for fitting:

m Perform physical synthesis for combinational logic
m Perform logic to memory mapping

In the Assignment Editor, indicate the module instance you want to apply the setting
in the To tab. Select the required physical synthesis assignment in the Assignment
Name tab. In the Value tab, select ON. In the Enabled tab, select Yes.

Retarget or Balance DSP Blocks

A design might not fit because it requires too many DSP blocks. All DSP block
functions can be implemented with logic cells, so you can retarget some of the DSP
blocks to logic to obtain a fit.

If the DSP function was created with the MegaWizard Plug-In Manager, open the
MegaWizard Plug-In Manager and edit the function so it targets logic cells instead of
DSP blocks. The Quartus II software uses the

DEDI CATED_MULTI PLI ER_CI RCUI TRY megafunction parameter to control the
implementation.

DSP blocks also can be inferred from your HDL code for multipliers, multiply-adders,
and multiply-accumulators. This inference can be turned off in your synthesis tool.
When you are using Quartus II integrated synthesis, you can disable inference by
turning off the Auto DSP Block Replacement logic option for your whole project. On
the Assignments menu, click Settings. In the Category list, select Analysis &
Synthesis Settings, and turn off Auto DSP Block Replacement. Alternatively, you
can disable the option for a specific block with the Assignment Editor.
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<o For more information about disabling DSP block inference in other synthesis tools,
refer to the appropriate chapter in Section III. Synthesis in volume 1 of the Quartus I1
Handbook, or your synthesis software’s documentation.

The Quartus II software also offers the DSP Block Balancing logic option, which
implements DSP block elements in logic cells or in different DSP block modes. The
default Auto setting allows DSP block balancing to convert the DSP block slices
automatically as appropriate to minimize the area and maximize the speed of the
design. You can use other settings for a specific node or entity, or on a project-wide
basis, to control how the Quartus Il software converts DSP functions into logic cells
and DSP blocks. Using any value other than Auto or Off overrides the

DEDI CATED_MULTI PLI ER_CI RCUI TRY parameter used in megafunction variations.

<o For more details about the Quartus II logic options described in this section, refer to
the Quartus II Help.

Optimize Source Code

If your design does not fit because of logic utilization, and the methods described in
the preceding sections do not sufficiently improve the resource utilization of the
design, modify the design at the source to achieve the desired results. You can often
improve logic significantly by making design-specific changes to your source code.
This is typically the most effective technique for improving the quality of your results.

If your design does not fit into available LEs or ALMs, but you have unused memory
or DSP blocks, check to see if you have code blocks in your design that describe
memory or DSP functions that are not being inferred and placed in dedicated logic.
You might be able to modify your source code to allow these functions to be placed
into dedicated memory or DSP resources in the target device.

Ensure that your state machines are recognized as state machine logic and optimized
appropriately in your synthesis tool. State machines that are recognized are generally
optimized better than if the synthesis tool treats them as generic logic. In the
Quartus II software, you can check for the State Machine report under Analysis &
Synthesis in the Compilation Report. This report provides details, including the state
encoding for each state machine that was recognized during compilation. If your state
machine is not being recognized, you might have to change your source code to
enable it to be recognized.

<o For coding style guidelines, including examples of HDL code for inferring memory
and DSP functions, refer to the “Instantiating Altera Megafunctions” and the
“Inferring Altera Megafunctions” sections of the Recommended HDL Coding Styles
chapter in volume 1 of the Quartus II Handbook. For guidelines and sample HDL code
for state machines, refer to the “General Coding Guidelines” section of the
Recommended HDL Coding Styles chapter in volume 1 of the Quartus II Handbook.

Use a Larger Device

If a successful fit cannot be achieved because of a shortage of LEs or ALMs, memory,
or DSP blocks, you might require a larger device.

Quartus Il Handbook Version 9.0 Volume 2: Design Implementation and Optimization © March 2009 Altera Corporation


http://www.altera.com/literature/hb/qts/qts_qii5v1_03.pdf
http://www.altera.com/literature/hb/qts/qts_qii51007.pdf
http://www.altera.com/literature/hb/qts/qts_qii51007.pdf

Chapter 10: Area and Timing Optimization 10-29
Resource Utilization Optimization Techniques (LUT-Based Devices)

Routing

Use the suggestions in the following subsections to help you resolve routing resource
problems.

Set Auto Register Packing to Sparse or Sparse Auto

This option is useful for reducing LE or ALM count in a design. This option is
available for Arria GX, Cyclone, and Stratix series of devices. On the Assignments
menu, click Settings. The Settings dialog box appears. In the Category list, select
Fitter Settings. Click More Settings. Under Option, in the Name list, select Auto
Packed Registers. In the Settings list, select the Sparse or Sparse Auto from the list.

When you select Sparse, the Fitter combines functions to improve the performance of
many designs. When you select Sparse Auto, the Fitter attempts to achieve the
highest performance with the possibility of increasing the area, but without exceeding
the logic capacity of the device. These options might help improve the routing
because they do not aggressively pack registers.

Selecting the default Auto setting can help routing in many designs. However, for
some dense designs, the Fitter attempts to combine additional logic to reduce the area
of the design to achieve the best performance. It does this by fitting the design within
the best area of the selected device. Therefore, the Fitter can turn on the more
aggressive minimize area with the chains option, making it more difficult to route the
design.

As an alternative, select Normal, and then increase the aggressiveness of register
packing to reduce LE/ALM count if the design does not fit.

When you choose a register packing setting to perform more aggressive register
packing than the Auto setting, the extra register packing can affect the routability of
the design as an unintended result. The Minimize the area with chains setting
restricts placement and reduces routability significantly more than using the
Minimize Area setting. For more information about register packing, refer to “Use
Register Packing” on page 10-22.

Set Fitter Aggressive Routabhility Optimizations to Always

If routing resources are resulting in no-fit errors, use this option to reduce routing
wire utilization. On the Assignments menu, click Settings. In the Category list, select
Fitter Settings. Click More Settings. In the More Fitter Settings dialog box, set Fitter
Aggressive Routability Optimizations to Always and click OK.

If there is a significant imbalance between placement and routing time (during the
first fitting attempt), it might be because of high wire utilization. By turning on this
option, you might be able to reduce your compilation time.

On average, in Arria GX and Stratix II devices, this option saves approximately 3%
wire utilization but can reduce performance by approximately 1%. In Stratix III
devices, this option saves approximately 6% wire utilization, at the same time
reducing the performance by approximately 3%. In Cyclone III devices, using this
option saves approximately 4.5% wire utilization while reducing the performance by
about 4%.
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These optimizations are used automatically when the Fitter performs more than one
fitting attempt, but turning the option on increases the optimization effort on the first
fitting attempt. This option also ensures that the Quartus II software uses maximum
optimization to reduce routability, even if the Fitter Effort is set to Auto Fit.

Increase Placement Effort Multiplier

Increasing the placement effort can improve the routability of the design, allowing the
software to route a design that otherwise requires too many routing resources. On the
Assignments menu, click Settings. In the Category list, select Fitter Settings. Click
More Settings. In the More Fitter Settings dialog box, increase the value of the
Placement Effort Multiplier to increase placement effort. The default value is 1.0.
Legal values must be greater than 0 and can be non-integer values. Numbers less than
1 reduce the placement effort and might affect placement quality. Higher numbers
increase compilation time but can improve placement quality. For example, a value of
4 increases fitting time by approximately 2 to 4 times but can increase the quality of
results. Increasing the placement effort multiplier does not tend to improve timing
optimization unless the design also has very high routing resource usage.

Increased effort is used automatically when the Fitter performs more than one fitting
attempt. Setting a multiplier higher than one (before compilation) increases the
optimization effort on the first fitting attempt. The second and third fitting loops
increase the Placement Effort Multiplier to 4 and then to 16. These loops result in
increased compilation times, with possible improvement in the quality of placement.

You can modify the Placement Effort Multiplier using the following Tcl command:

set _gl obal _assi gnnent - nane PLACEMENT_EFFCORT_MULTI PLI ER <val ue>

<value> can be any positive, non-zero number.

Increase Router Effort Multiplier

The Router Effort Multiplier controls how quickly the router tries to find a valid
solution. The default value is 1.0 and legal values must be greater than 0. Numbers
higher than 1 (as high as 3 is generally reasonable) can improve routing quality at the
expense of run-time on difficult-to-route circuits. Numbers closer to 0 (for example,
0.1) can reduce router runtime, but usually reduce routing quality slightly.
Experimental evidence shows that a multiplier of 3.0 reduces overall wire usage by
about 2%. There is usually no gain in performance beyond a multiplier value of 3.

You can set the Router Effort Multiplier to a value higher than the default value for
difficult-to-route designs. To set the Router Effort Multiplier, on the Assignments
menu, click Settings, and then click Fitter Settings. Click the More Settings button.
From the options available, select Router Effort Multiplier and edit the value in the
dialog box that appears.

You can modify the Router Effort Multiplier by the following Tcl command. <value>
can be any positive, non-zero number.

set gl obal _assi gnnent -nane RQUTER EFFORT_MULTI PLI ER <val ue> ¢

Remove Fitter Constraints

A design with conflicting constraints or constraints that are difficult to meet may not
fit the targeted device. This can occur when location or LogicLock assignments are too
strict and there are not enough routing resources.
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In this case, use the Routing Congestion view in the Chip Planner or the Timing
Closure Floorplan (for older devices) to locate routing problems in the floorplan, then
remove all location and LogicLock region assignments from that area. If your design
still does not fit, the design is over-constrained. To correct the problem, remove all
location and LogicLock assignments and run successive compilations, incrementally
constraining the design before each compilation. You can delete specific location
assignments in the Assignment Editor, the Chip Planner, or Timing Closure Floorplan
(for supported devices). Remove LogicLock assignments in the Chip Planner (or in
the Timing Closure Floorplan), in the LogicLock Regions Window, or on the
Assignments menu, click Remove Assignments. Turn on the assignment categories
you want to remove from the design in the Available assignment categories list.

For more information about the Routing Congestion view in the Chip Planner or the
Timing Closure Floorplan, refer to the Analyzing and Optimizing the Design Floorplan
chapter in volume 2 of the Quartus II Handbook. You can also refer to the Quartus II
Help.

Optimize Synthesis for Area, Not Speed

In some cases, resynthesizing the design to improve the area utilization can also
improve the routability of the design. First, ensure that you have set your device and
timing constraints correctly in your synthesis tool. Ensure that you do not
over-constrain the timing requirements for the design, particularly when the area
utilization of the design is a concern. Synthesis tools generally try to meet the
specified requirements, which can result in higher device resource usage if the
constraints are too aggressive.

If resource utilization is important to improving the routing results in your design,
some synthesis tools offer an easy way to optimize for area instead of speed. If you are
using Quartus Il integrated synthesis, on the Assignments menu, click Settings. In the
Category list, select Analysis & Synthesis Settings, and choose Balanced or Area
under Optimization Technique.

You can also specify this logic option for specific modules in your design with the
Assignment Editor in cases where you want to reduce area using the Area setting
(potentially at the expense of register-to-register timing performance). You can apply
the setting to specific modules while leaving the default Optimization Technique
setting at Balanced (for the best trade-off between area and speed for certain device
families) or Speed. You can also use the Speed Optimization Technique for Clock
Domains logic option to specify that all combinational logic in or between the
specified clock domain(s) is optimized for speed.

In the Quartus II software, the Balanced setting typically produces utilization results
that are very similar to those obtained with the Area setting, with better performance
results. The Area setting can yield better results in some unusual cases.

In some synthesis tools, not specifying an f,,,, requirement can result in less resource
utilization, which can improve routability.

For information about setting timing requirements and synthesis options in
Quartus II integrated synthesis and other synthesis tools, refer to the appropriate
chapter in Section I1l. Synthesis in volume 1 of the Quartus Il Handbook, or your
synthesis software’s documentation.
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Optimize Source Code

If your design does not fit because of routing problems and the methods described in
the preceding sections do not sufficiently improve the routability of the design,
modify the design at the source to achieve the desired results. You can often improve
results significantly by making design-specific changes to your source code, such as
duplicating logic or changing the connections between blocks that require significant
routing resources.

Use a Larger Device

If a successful fit cannot be achieved because of a shortage of routing resources, you
might require a larger device.

Timing Optimization Techniques (LUT-Based Devices)

This section contains guidelines if your design does not meet its timing requirements.

Timing Optimization Advisor

The Timing Optimization Advisor guides you in making settings that optimize your
design to meet your timing requirements. To run the Timing Optimization Advisor,
on the Tools menu, point to Advisors, and click on Timing Optimization Advisor.
This advisor describes many of the suggestions made in this section.

When you open the Timing Optimization Advisor after compilation, you find
recommendations to improve the timing performance of your design. Some of the
recommendations in these advisors can contradict each other. Altera recommends
evaluating these options and choosing the settings that best suit the given
requirements.

Metastabhility Analysis and Optimization Techniques

Metastability problems can occur when a signal is transferred between circuitry in
unrelated or asynchronous clock domains, because the designer cannot guarantee
that the signal will meet its setup and hold time requirements. The mean time
between failure (MTBF) is an estimate of the average time between instances when
metastability could cause a design failure.

<o For more information about metastability and MTBEF, refer to the Understanding
Metastability in FPGAs white paper.

You can use the Quartus II software to analyze the average MTBF due to metastability
when a design synchronizes asynchronous signals, and optimize the design to
improve the MTBE. These metastability features are supported only for designs
constrained with the TimeQuest Timing Analyzer, and for select device families.

If the MTBF of your design is low, refer to the Metastability Optimization section in
the Timing Optimization Advisor, which suggests various settings that can help
optimize your design in terms of metastability.
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“.e For details about the metastability features in the Quartus II software, refer to the
Managing Metastability with the Quartus II Software chapter in the Quartus Il Handbook.
This chapter describes how to enable metastability analysis and identify the register
synchronization chains in your design, provides details about metastability reports,
and provides additional guidelines for managing metastability.

I/0 Timing Optimization

The example in Figure 10-7 shows the Timing Optimization Advisor after compiling a
design that meets its frequency requirements, but requires setting changes to improve
the timing.

Figure 10-7. Timing Optimization Advisor

¢ Timing Optimization Advisor Compilation Fepart - Flow Surnmary ]

'§| Tl_ming Summary Optimize for speed
L) How to use the Timing Optimization Advisor
General Recommendations

Recommendation | Direct Quartus || Integrated Synthesis to optimize the design for speed.

=l Maximum Frequency (fmax) Description Most synthesis tools will optimize a design to meet your speed requirements. Some
= A Stage 1 synthesis tools offer an easy way to optimize for speed instead of area. The Quartus ||
wf Spedfy Fitter effort software can optimize a design for speed, choosing a design implementation that has the
A, [ p— fastest maximum frequency fmax).
A Optimize spedfic dock domains for speed | Summary The following areas will be affected by the recommended changes:
wf Turn off restructure multiplexers + Delay may decrease fmax may increase)
A Use netlist optimizations - Logic element usage may increase
wdf Turn on Auto Global Clock = Compilation time is unaffected
) £y Use global docks Action For Quartus |l Integrated Synthesis, choose Speed under Optimization Technigue in the
+- /¥ Stage 2 Analysis & Syrthesis Settings page of the Settings dialog box (Assignments). It is also
+ A Stage 3 recommended to set the optimization technique to Balanced if it is cumently sst to Area.
+- ¥ 1/0 Timing (tsu, tco, tpd) Balanced technique gives better fmax than Area, worse than Speed. But resource usage

is better than with Speed (worse than with Area). You can alse specify the Optimization
Technigue logic option for specific entities in your design using the Assignment Editor
(Assignmenits menu), while leaving the project Optimization Technique setting at
Balanced fforthe best trade off between area and speed for certain device families) or
Area (i area is an important concem).

+|- Ml Hold Time & Minimum Delay Timing

Current Global Settings:

This button makes the recommended Optimization Technigue - Cyclone = AREA (Recommended: SPEED)
changes automatically. > \|__ Corectthe Settings |
Open Settings dialog box - Analysis & Synthesis Settings page
Open Assignment Editor - Synthesis category

These options open the Settings dialog box or Assignment
Editor so you can manually change the settings.

When you expand one of the categories in the Advisor, such as Maximum Frequency
(fmax) or I/O Timing (tsu, tco, tpd), the recommendations are divided into stages.
The stages show the order in which you should apply the recommended settings. The
first stage contains the options that are easiest to change, make the least drastic
changes to your design optimization, and have the least effect on compilation time.
Icons indicate whether each recommended setting has been made in the current
project. In Figure 10-7, the checkmark icons in the list of recommendations for Stage 1
indicate recommendations that are already implemented. The warning icons indicate
recommendations that are not followed for this compilation. The information icons
indicate general suggestions. For these entries, the advisor does not report whether
these recommendations were followed, but instead explains how you can achieve
better performance. Refer to the “How to use” page in the Advisor for a legend that
provides more information for each icon.
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There is a link from each recommendation to the appropriate location in the

Quartus II user interface where you can change the settings. For example, consider
the Synthesis Netlist Optimizations page of the Settings dialog box or the Global
Signals category in the Assignment Editor. This approach provides the most control
over which settings are made and helps you learn about the settings in the software.
In some cases, you can also use the Correct the Settings button to automatically make
the suggested change to global settings.

For some entries in the advisor, a button appears that allows you to further analyze
your design and gives you more information. The advisor provides a table with the
clocks in the design and indicates whether they have been assigned a timing
constraint.

The next stage of design optimization focuses on1/0 timing. Ensure that you have
made the appropriate assignments as described in “Initial Compilation: Required
Settings” on page 10-3, and that the resource utilization is satisfactory before
proceeding with I/O timing optimization. The suggestions given in this section are
applicable to all Altera FPGA families and to the MAX II family of CPLDs.

Because changes to the I/O paths affect the internal register-to-register timing,
complete this stage before proceeding to the register-to-register timing optimization
stage as described in the “Register-to-Register Timing Optimization Techniques
(LUT-Based Devices)” on page 10-40.

The options presented in this section address how to improve I/O timing, including
the setup delay (ts,), hold time (t;;), and clock-to-output (t.,) parameters.

Improving Setup and Clock-to-Output Times Summary

Table 10-1 shows the recommended order in which to use techniques to reduce tg;,
and t., times. Check marks indicate which timing parameters are affected by each
technique. Reducing tg, times increases hold (t;) times.

Table 10-1. Improving Setup and Clock-to-Output Times  (Note 1) (Part 1 of 2)

to OFF or when tsy and typ constraints permit (page 10-40)

Technique Affects t;, | Affects t,
Ensure that the appropriate constraints are set for the failing 1/0s (page 10-3) v v/
Use timing-driven compilation for 1/0 (page 10-36) v v
Use fast input register (page 10-36) v/ —
Use fast output register, fast output enable register, and fast OCT register (page 10-36) — v
Decrease the value of Input Delay from Pin to Input Register or set Decrease Input Delay to v .
Input Register = ON (page 10-37)
Decrease the value of Input Delay from Pin to Internal Cells, or set Decrease Input Delay to v .
Internal Cells = ON (page 10-37)
Decrease the value of Delay from Output Register to Output Pin, or set Increase Delay to Output . v
Pin = OFF (page 10-37)
Increase the value of Input Delay from Dual-Purpose Clock Pin to Fan-Out Destinations v .
(page 10-39)
Use PLLs to shift clock edges (page 10-39) v v
Use the Fast Regional Clock (page 10-40) — v
For MAX |1 series of devices, set Guarantee 1/0 paths to zero, Hold Time at Fast Timing Corner v _
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Table 10-1. Improving Setup and Clock-to-Output Times  (Note 1) (Part 2 of 2)

Technique Affects t;, | Affects t,

(page 10-39)

Increase the value of Delay to output enable pin or set Increase delay to output enable pin - v

Note to Table 10-1:

(1) These options may not apply to all device families.

Timing-Driven Compilation

To perform IOC timing optimization using the Optimize IOC Register Placement
For Timing option, perform the following steps:

1. On the Assignments menu, click Settings.

2. In the Category list, select Fitter Settings and click More Settings.

3. In the More Fitter Settings dialog box, under Existing options settings, select
Optimize IOC Register Placement for Timing,.

This option moves registers into I/O elements if required to meet t, or te,
assignments, duplicating the register if necessary (as in the case in which a register
fans out to multiple output locations). This option is turned on by default and is a
global setting. The option does not apply to MAX Il series of devices because they do
not contain I/O registers.

For APEX 20KE and APEX 20KC devices, if the I/O register is not available, the Fitter
tries to move the register into the LAB adjacent to the I/O element.

The Optimize IOC Register Placement for Timing option affects only pins that have
a tgy or te, requirement. Using the I/O register is possible only if the register directly
feeds a pin or is fed directly by a pin. This setting does not affect registers with any of
the following characteristics:

m Have combinational logic between the register and the pin
m Are part of a carry or cascade chain
m Have an overriding location assignment

m Use the synchronous load or asynchronous clear ports of APEX 20K and APEX II
devices

B Areinput registers that use the synchronous load port and the value isnot 1 (in
device families where the port is available, other than APEX 20K, APEX II, and
FLEX 6000 devices)

m Use the asynchronous load port and the value is not 1 (in device families where
the port is available)

Registers with the characteristics listed are optimized using the regular Quartus Il
Fitter optimizations.
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Fast Input, Output, and Output Enable Registers

You can place individual registers in I/O cells manually by making fast1/O
assignments with the Assignment Editor. For an input register, use the Fast Input
Register option; for an output register, use the Fast Output Register option; and for
an output enable register, use the Fast Output Enable Register option. Stratix II
devices also support the Fast OCT (on-chip termination) Register option. In the
MAX 1I series of devices, which have no I/O registers, these assignments lock the
register into the LAB adjacent to the I/O pin if there is a pin location assignment for
that I/O pin.

If the fast I/O setting is on, the register is always placed in the I/O element. If the fast
I/ O setting is off, the register is never placed in the I/O element. This is true even if
the Optimize IOC Register Placement for Timing option is turned on. If there is no
fastI/O assignment, the Quartus II software determines whether to place registers in
I/0 elements if the Optimize IOC Register Placement for Timing option is turned
on.

The four fast I/O options (Fast Input Register, Fast Output Register, Fast Output
Enable Register, and Fast OCT Register) also can be used to override the location of a
register that is in a LogicLock region, and force it into an I/O cell. If this assignment is
applied to a register that feeds multiple pins, the register is duplicated and placed in
all relevant I/O elements. In MAX II series of devices, the register is duplicated and
placed in each distinct LAB location that is next to an I/O pin with a pin location
assignment.

Programmable Delays

Various programmable delay options can be used to minimize the tg; and t,, times.
For Arria GX, Stratix, and Cyclone series devices, and MAX I series of devices, the
Quartus I software automatically adjusts the applicable programmable delays to help
meet timing requirements. For APEX series devices, the default values are set to avoid
any hold time problems. Programmable delays are advanced options that you should
use only after you compile a project, check the I/O timing, and determine that the
timing is unsatisfactory. For detailed information about the effect of these options,
refer to the device family handbook or data sheet.

After you have made a programmable delay assignment and compiled the design,
you can view the value of every delay chain for every I/O pin in the Delay Chain
Summary section of the Compilation Report.

You can assign programmable delay options to supported nodes with the Assignment
Editor. You can also view and modify the delay chain setting for the target device
with the Chip Planner and Resource Property Editor. When you use the Resource
Property Editor to make changes after performing a full compilation, recompiling the
entire design is not necessary; you can save changes directly to the netlist. Because
these changes are made directly to the netlist, the changes are not made again
automatically when you recompile the design. The change management features
allow you to reapply the changes on subsequent compilations.

Though the programmable delays in newer devices like Arria II GX, Stratix IV, and
Stratix III are user-controllable, Altera recommends their use for advanced users only.
However, the Quartus II software might use the programmable delays internally
during the Fitter phase.
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For more details about Stratix Il programmable delays, refer to the Stratix III Device

Handbook and AN 474: Implementing Stratix Il Programmable I/O Delay Settings in the
Quartus 11 Software. For more information about using the Chip Planner and Resource
Property Editor, refer to the Engineering Change Management with the Chip Planner

chapter in volume 2 of the Quartus II Handbook.

Table 10-2 summarizes the programmable delays available for Altera devices.

Table 10-2. Programmable Delays for Altera Devices (Part 1 of 3)

1/0 Timing
Programmable Delay Description Impact Devices
Decrease input delay to input Decreases propagation delay from an Decreases tg, m Stratix
register input pin to the data input of the input Increases t, = Stratix GX
register in the I/0 cell associated with the
pin. Applied to an input/bidirectional pin or = Cyclone
register it feeds. = MAX 7000B
m APEX I
m APEX 20KE
m APEX 20KC
Input delay from pin to input Sets propagation delay from an input pin | Changes ts, m Arria GX
register to the data input of the input register Changes t, = Stratix Il
implemented in the 1/0 cell associated )
with the pin. Applied to an = Stratix Il GX
input/bidirectional pin. m Cyclone Il
m Cyclone Il
Decrease input delay to internal | Decreases the propagation delay from an | Decreases tg, m Stratix
cells input or bidirectional pin to logic cells and | Increases t, = Stratix GX
embedded cells in the device. Applied to
an input/bidirectional pin or register it = Cyclone
feeds. m APEX I
m APEX 20KE
m APEX 20KC
m ACEX 1K
m FLEX10K
= FLEX 6000
Input delay from pin to internal | Sets the propagation delay from an input | Changes ts, m Stratix Il
cells or bidirectional pin to logic and embedded | Changes t, = Stratix Il GX
cells in the device. Applied to an input or
bidirectional pin. = Cyclone IIl
m Cyclone Il
m HardCopy Il
| |

MAX IIE and MAX 11Z
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Table 10-2. Programmable Delays for Altera Devices (Part 2 of 3)

1/0 Timing
Programmable Delay Description Impact Devices
Decrease input delay to output | Decreases the propagation delay from the | Decreases tp; m Arria GX
register interior of the device to an output register = Stratix
in an I/0 cell. Applied to an )
input/bidirectional pin or register it feeds. = Stratix GX
m APEX I
m APEX 20KE
m APEX 20KC
Increase delay to output enable | Increases the propagation delay through | Increases tg, m Stratix
pin the tri-state output to the pin. The signal = Stratix GX
can either come from internal logic or the
output enable register in an 1/0 cell. = APEXII
Applied to an output/bidirectional pin or
register feeding it.
Delay to output enable pin Sets the propagation delay to an output Changes t;, m Arria GX
enable pin from internal logic or the = Stratix Il
output enable register implemented in an ,
1/0 cell. m Stratix Il GX
m Cyclone Il
Increase delay to output pin Increases the propagation delay to the Increases tg, m Stratix
output or bidirectional pin from internal = Stratix GX
logic or the output register in an 1/0 cell.
Applied to output/bidirectional pin or = Cyclone
register feeding it. m APEX I
m APEX 20KE
m APEX 20KC
Delay from output register to Sets the propagation delay to the output | Changes tg, m Arria GX
output pin or bidirectional pin from the output = Stratix Il
register implemented in an 1/0 cell. This .
option is off by default. m Stratix Il GX
m Cyclone llI
m Cyclone Il
Increase input clock enable Increases the propagation delay from the m Stratix
delay interior of the device to the clock enable = Stratix GX
input of an 1/0 input register.
— m APEX I
m APEX 20KE
m APEX 20KC
Input delay from dual purpose | Sets the propagation delay from a m Cyclone Il
clock pin to fan-out destinations | dual-purpose clock pin to its fan-out = Cyclone Il
destinations that are routed on the global —
clock network. Applied to an input or
bidirectional dual-purpose clock pin.
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Table 10-2. Programmable Delays for Altera Devices (Part 3 of 3)

1/0 Timing
Programmable Delay Description Impact Devices

Increase output clock enable Increases the propagation delay from the m Stratix

delay interior of the device to the clock enable = Stratix GX
input of the 1/0 output register and output
enable register. — = APEXI

m APEX 20KE
m APEX 20KC

Increase output enable clock Increases the propagation delay from the m Stratix
interior of the device to the clock enable — = Stratix GX
input of an output enable register.

Increase t; delay to output pin | Used for zero bus-turnaround (ZBT) by Increases tg, m Stratix
increasing the propagation delay of the = Stratix GX
falling edge of the output enable signal.

m APEX I

Use PLLs to Shift Clock Edges

Using a PLL typically improves I/O timing automatically. If the timing requirements
are still not met, most devices allow the PLL output to be phase shifted to change the
I/0O timing. Shifting the clock backwards gives a better t., at the expense of ty,, while
shifting it forward gives a better ty, at the expense of t., and t,;. Refer to Figure 10-8.
This technique can be used only in devices that offer PLLs with the phase shift option.

Figure 10-8. Shift Clock Edges Forward to Improve tgy at the Expense of t¢g

ognal I L (11 1]
wne L (L LT

You can achieve the same type of effect in certain devices using the programmable
delay called Input Delay from Dual Purpose Clock Pin to Fan-Out Destinations,
described in Table 10-2.

Use Fast Regional Clock Networks and Regional Clocks Networks

Altera devices have a variety of hierarchical clock structures available within them.
These include dedicated global clock networks (GCLKs), regional clock networks
(RCLKS), fast regional clock networks (FCLK) and periphery clock networks (PCLKs).
The available resources differ between various Altera device families. Refer to the
appropriate device handbook to get the number of various clocking resources
available in your target device.

In general, fast regional clocks have less delay to I/O elements than regional and
global clocks, and are used for high fan-out control signals. Regional clocks on the
other hand provide the lowest clock delay and skew for logic contained in a single
quadrant. Placing clocks on these low-skew and low-delay clock nets provides better
tco performance.
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Change How Hold Times are Optimized for MAX Il Devices

For MAX I series of devices, you can use the Guarantee I/O paths have zero hold
time at Fast Timing Corner option to control how hold time is optimized by the
Quartus II software. On the Assignments menu, click Settings. In the Category list,
select Fitter Settings. Click More Settings. In the More Fitter Settings dialog box, set
the option globally. Or, on the Assignments menu, click Assignment Editor to set this
option for specific I/Os.

The option controls whether the Fitter uses timing-driven compilation to optimize a
design to achieve a zero hold time for I/Os that feed globally clocked registers at the
fast (best-case) timing corner, even in the absence of any user timing assignments.
When this option is set to On (default), the Fitter guarantees zero hold time (t,,) for
1/ Os feeding globally clocked registers at the fast timing corner, at the expense of
possibly violating tg; or t,, timing constraints. When this option is set to When tsu
and tpd constraints permit, the Fitter achieves zero hold time for I/Os feeding
globally clocked registers at the fast timing corner only when tg or t;, timing
constraints are not violated. When this option is set to Off, designs are optimized to
meet user timing assignments only.

By setting this option to Off or When tsu and tpd constraints permit, you improve tg;,
at the expense of t;.

Register-to-Register Timing Optimization Techniques (LUT-Based Devices)

The next stage of design optimization is to improve register-to-register (f,;,) timing.
There are a number of options available if the performance requirements are not
achieved after compilation.

Note that the coding style affects the performance of your design to a greater extent
than to other changes in settings. Always evaluate your code and make sure to use
synchronous design practices. For more details, refer to the handbook chapter on
design practices and coding guidelines.

When using the Quartus II TimeQuest Timing Analyzer, register-to-register timing
optimization is the same as maximizing the slack on the clock domains in your
domain. You can use the techniques described in this section to improve the slack on
different timing paths in your design.

Before optimizing your design, you should understand the structure of your design as
well as the type of logic affected by each optimization. An optimization can decrease
performance if the optimization does not benefit your logic structure.

Improving Register-to-Register Timing Summary

The choice of options and settings to improve the timing margin (slack) or to improve
register-to-register timing depends on the failing paths in the design. To achieve the
results that best approximate your performance requirements, apply the following
techniques and compile the design after each step:

1. Ensure that your timing assignments are complete. For details, refer to “Timing
Requirement Settings” on page 10—4.
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2. Ensure that you have reviewed all warning messages from your initial
compilation and check for ignored timing assignments. Refer to “Design Analysis”
on page 10-11 for details and fix any of these problems before proceeding with
optimization.

3. Apply netlist synthesis optimization options and physical synthesis.

4. Try multiple different Fitter seeds (page 10-47). You can omit this step if a large
number of critical paths are failing, or if the paths are failing badly.

5. Apply the following synthesis options to optimize for speed:

m  Optimize Synthesis for Speed, Not Area (page 10-44)

m Flatten the Hierarchy During Synthesis (page 10—45)

m  Set the Synthesis Effort to High (page 10-45)

m Change State Machine Encoding (page 10-45)

m Duplicate Logic for Fan-Out Control (page 10-45)

m Prevent Shift Register Inference (page 10—46)

m  Use Other Synthesis Options Available in Your Synthesis Tool (page 10-46)
6. Make LogicLock assignments (page 10-49) to control placement.

7. Make design source code modifications to fix areas of the design that are still
failing timing requirements by significant amounts (page 10-48).

8. Make location assignments, or as a last resort, perform manual placement by
back-annotating the design (page 10-51).

<o You can use the Design Space Explorer (DSE) to automate the process of running
several different compilations with different settings. For more information, refer to
the Design Space Explorer chapter in volume 2 of the Quartus II Handbook.

If these techniques do not achieve performance requirements, additional design
source code modifications might be required (page 10-48).

Physical Synthesis Optimizations

The Quartus Il software offers physical synthesis optimizations that can help improve
the performance of many designs regardless of the synthesis tool used. Physical
synthesis optimizations can be applied both during synthesis and during fitting.

Physical synthesis optimizations that occur during the synthesis stage of the
Quartus IT compilation operate either on the output from another EDA synthesis tool
or as an intermediate step in Quartus II integrated synthesis. These optimizations
make changes to the synthesis netlist to improve either area or speed, depending on
your selected optimization technique.

To view and modify the synthesis netlist optimization options, on the Assignments
menu, click Settings. In the Category list, expand Compilation Process Settings and
select Physical Synthesis Optimizations.
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If you use a third-party EDA synthesis tool and want to determine if the Quartus II
software can remap the circuit to improve performance, you can use the Perform
WYSIWYG Primitive Resynthesis option. This option directs the Quartus II software
to unmap the LEs in an atom netlist to logic gates and then map the gates back to
Altera-specific primitives. Using Altera-specific primitives enables the Fitter to remap
the circuits using architecture-specific techniques.

To turn on the Perform WYSIWYG Primitive Resynthesis option, on the
Assignments menu, click Settings. In the Category list, select Analysis & Synthesis
Settings and check the box for Perform WYSIWYG Primitive Resynthesis.

The Quartus II technology mapper optimizes the design for Speed, Area, or
Balanced, according to the setting of the Optimization Technique option. To change
this setting, on the Assignments menu, click Settings. In the Category list, select
Analysis & Synthesis Settings, and choose Speed or Balanced under Optimization
Technique.

The physical synthesis optimizations occur during the Fitter stage of the Quartus II
compilation. Physical synthesis optimizations make placement-specific changes to the
netlist that improve speed performance results for a specific Altera device.

The following physical synthesis optimizations are available during the Fitter stage
for improving performance:

m Physical synthesis for combinational logic
®m  Automatic asynchronous signal pipelining
m Physical synthesis for registers

m  Register duplication

m  Register retiming

You can apply physical synthesis options on specific instances if you want the
performance gain from physical synthesis only on parts of your design.

To view and modify the Physical Synthesis Optimizations: On the Assignments
menu, click Settings. In the Category list, select Fitter Settings, and specify the
physical synthesis optimization options on the Physical Synthesis Optimizations
page. You can also specify the Physical synthesis effort, which sets the level of
physical synthesis optimization that you want the Quartus II software to perform.

The Perform physical synthesis for combinational logic option allows the Quartus II
Fitter to resynthesize the combinational logic in a design to reduce delay along the
critical path and improve design performance.

The Perform automatic asynchronous signal pipelining option allows the Quartus II
Fitter to insert pipeline stages for asynchronous clear and asynchronous load signals
automatically during fitting to increase circuit performance. You can use this option if
asynchronous control signal recovery and removal times do not meet your
requirements. The option improves performance for designs in which asynchronous
signals in very fast clock domains cannot be distributed across the chip quickly
enough (because of long global network delays).
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To apply physical synthesis assignments for fitting on a per instance basis, use the
Quartus II Assignment Editor. The following assignments are available as instance
assignments:

m Perform physical synthesis for combinational logic
m Perform register duplication for performance

m Perform register retiming for performance

m Perform automatic asynchronous signal pipelining

In the Assignment Editor, indicate the module instance you want to apply to the
specific physical synthesis setting in the To tab. Select the required physical synthesis
assignment in the Assignment Name tab. In the Value tab, select ON. In the Enabled
tab, select Yes.

The Perform automatic asynchronous signal pipelining option adds registers to nets
driving the asynchronous clear or asynchronous load ports of registers. This adds
register delays (and latency) to the reset, adding the same number of register delays
for each destination using the reset. Therefore, the option should be used only when
adding latency to reset signals does not violate any design requirements. This option
also prevents the promotion of signals to use global routing resources.

The Perform register duplication physical synthesis option allows the Quartus II
software to duplicate registers based on Fitter placement information to improve
design performance. The Fitter can also duplicate combinational logic when this
option is enabled.

The Perform register retiming physical synthesis option allows the Quartus II
software to move registers across combinational logic to balance timing. This option
applies to registers and combinational logic that have already been placed into logic
cells.

You can perform physical synthesis during the fitter stage to improve the fitting
results as well.

The Quartus II software performs the optimizations that help achieve a better fit
when you turn on the Perform physical synthesis for combinational logic option.

The Fitter performs physical synthesis optimizations on logic and registers, allowing
the mapping of logic and registers into unused memory blocks in the device to
achieve a fit, when you turn on the Perform logic to memory mapping option.

For more information and detailed descriptions of these netlist optimization options,
refer to the Netlist Optimizations and Physical Synthesis chapter in volume 2 of the
Quartus Il Handbook.

Because performance results are design-dependent, try the physical synthesis options
in different combinations until you achieve the best results. Generally, turning on all
the options gives the best results but significantly increases compilation time. The
following information provides typical benchmark results on different designs with
varying amounts of logic using synthesis netlists from leading third-party synthesis
tools and compiled with Quartus II software. These results use the default Balanced
setting for the Optimization Technique for WYSIWYG resynthesis. Changing the
setting to Speed or Area can affect your results.
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Using WYSIWIG primitive resynthesis can reduce area by about 8% in about 60% of
designs, with an average improvement in f;,, of about 3% and a maximum
improvement in f,;,, of about 6%. By using other physical synthesis options for
combinational logic and registers, you might be able to increase the £, between 10%
to 20% (depending on the physical synthesis effort level selected) in about 80% of the
designs.

Compilation time might increase considerably when you use high physical synthesis
effort levels, sometimes as much as 4x. The optimizations are design dependent, and
some designs might not produce much improvement with physical synthesis.

Turn Off Extra-Effort Power Optimization Settings

If PowerPlay power optimization settings are set to Extra Effort, your design
performance can be affected. If improving timing performance is more important
than reducing power use, set the PowerPlay power optimization setting to Normal.

To change the PowerPlay power optimization level, on the Assignments menu,
choose Settings. The Setting dialog box appears. From the Category list, select
Analysis & Synthesis Settings. From the pull-down menu, select the appropriate
level of PowerPlay power optimization level.

For more information about reducing power use, refer to the Power Optimization
chapter in volume 2 of the Quartus II Handbook.

Optimize Synthesis for Speed, Not Area

The manner in which the design is synthesized has a large impact on design
performance. Design performance varies depending on the way the design is coded,
the synthesis tool used, and the options specified when synthesizing. Change your
synthesis options if a large number of paths are failing, or if specific paths are failing
badly and have many levels of logic.

Set your device and timing constraints in your synthesis tool. Synthesis tools are
timing-driven and optimized to meet specified timing requirements. If you do not
specify target frequency, some synthesis tools optimize for area.

Some synthesis tools offer an easy way to instruct the tool to focus on speed instead of
area.

For Quartus II integrated synthesis, on the Assignments menu, click Settings. In the
Category list, select Analysis & Synthesis Settings, and specify Speed as the
Optimization Technique option. You can also specify this logic option for specific
modules in your design with the Assignment Editor while leaving the default
Optimization Technique setting at Balanced (for the best trade-off between area and
speed for certain device families) or Area (if area is an important concern). You can
also use the Speed Optimization Technique for Clock Domains option to specify
that all combinational logic in or between the specified clock domain(s) is optimized
for speed.

To achieve best performance with push-button compilation, follow the
recommendations in the following sections for other synthesis settings. You can use
the DSE to experiment with different Quartus II synthesis options to optimize your
design for the best performance.
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