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Hierarchical Design Methodology Overview 

In previous releases, the Synopsys Galaxy Design Platform supported 
hierarchical design methodology by using JupiterXT for design planning and 
IC Compiler for implementation.  

Starting with version A-2007.12, IC Compiler supports the complete 
hierarchical design methodology with following features: 

 Hierarchical design planning 

 Block-level implementation 

 Interface logic model (ILM) and FRAM model generation 

 Top-level implementation 

 

Benefits of the Hierarchical Design Methodology 

The hierarchical design methodology can be used to divide and conquer large 
designs. In following scenarios, you can consider using hierarchical 
methodology: 

1. Machine (memory) capacity or runtime issues 

2. Structural and parallel design with team cooperation 

3. Design intellectual property (IP)  reuse and integration 

4. Design engineering change orders (ECO)  

 

However, you must also understand that a hierarchical methodology usually 
implements the design with lower utilization as compared to a flat design 
approach.  

 

Hierarchical Design Support in Galaxy Design Platform 

Design Compiler and IC Compiler are two of the key components of the 
Synopsys Galaxy Design Platform. Both tools have complete hierarchical 
design support. 
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In topographical mode, Design Compiler understands physical hierarchy while 
performing RTL synthesis. The virtual placement used by Design Compiler 
topographical mode supports top-level optimization. You can use a bottom-up 
flow with ILMs for hierarchical design in Design Compiler topographical mode. 
You can create the ILMs in either Design Compiler topographical mode  or in 
IC Compiler. For details, see the Design Compiler topographical mode 
documentation. 

 

In IC Compiler, the hierarchical methodology includes design planning, block-
level implementation, and top-level implementation. You can use IC Compiler 
to perform both feasibility and detailed implementation flows on hierarchical 
designs. IC Compiler  also supports hierarchical design with advanced 
features such as multivoltage, multicorner-multimode (MCMM), signal integrity 
(SI), design-for-test (DFT), abutted floorplans, and black-box handling. 

 

Hierarchical Design Flow 

Using Design Compiler topographical mode and IC Compiler, the hierarchical 
flow can implement a design hierarchically from RTL to GDSII. A 
recommended hierarchical flow is shown in the following figure: 
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1. Use Design Compiler topographical mode to compile the design from 
RTL to a gate-level netlist.  
 
You can use either a top-down or bottom-up approach. The netlist does 
not have to include scan. 

2. Use IC Compiler to perform full-chip design planning using the full 
netlist and Synopsys design constraints (SDC) from Design Compiler 
topographical mode.  
 
Generate the physical hierarchy. For each block, output  the floorplan 
file and SDC budgets. For the top level, output the floorplan file. 

3. Use Design Compiler topographical mode to compile the design using a 
bottom-up flow.  
 
Each block-level compile run uses the floorplan file and SDC budgets 
from design planning. After compiling each block, generate an ILM. Use 
the ILMs  for the top-level compile run.  These runs (both block level 
and top level) should include scan. Generate a SCANDEF file for each 
block, the top level only,  and the full chip.  

4. Use IC Compiler to perform design planning using the full-chip netlist 
and the full-chip SCANDEF file. 
 
Refine the hierarchical floorplan and handle the additional pins from 
scan insertion. For each block. implement the block using the block-
level SCANDEF from Design Compiler, and then generate an ILM and 
FRAM model. After the blocks are complete, implement the top-level 
design using the ILM and FRAM models with the top-level SCANDEF 
file. 
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IC Compiler Hierarchical Design Flow  

The IC Compiler hierarchical design flow (shown in the following figure) 
consists of three steps: hierarchical design planning, block implementation, 
and top-level integration. For details about these steps, see the IC Compiler 
User Guide. 
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IC Compiler Hierarchical Methodology 

The IC Compiler hierarchical methodology consists of the following steps: 

 Design partitioning 

 Hierarchical floorplanning 

 Timing closure 

 Top-level implementation 

The following sections describe these steps. 

Design Partitioning 

The first step of hierarchical design is to determine the physical partitioning. 
Consider following factors when deciding on the partitioning: 

 Size 
 
The size of the physical partition, or block, should be appropriate for the flat 
IC Compiler implementation flow. A large block size can result in long 
turnaround time.  A small block size can result in too many block jobs. 
Block sizes in same design should be similar so that the block jobs finish 
with similar runtime. 

 Data paths 
 
The design should be partitioned using its functional units for verification 
and simulation purposes. You should also consider top-level connectivity 
and minimization of block pin counts to avoid congestion and timing issues. 

 Floorplan style 
 
Different floorplan styles need different physical hierarchy to support them. 
An abutted floorplan can have no or very little top-level logic. A channeled 
floorplan can either have a lot of  top-level logic or have only glue logic at 
the top level.  

 Connection with the hierarchical Design Compiler topographical mode flow 
 
To exchange SCANDEF information at the block level and at the top level, 
the physical hierarchy used in Design Compiler topographical mode must 
also be used in IC Compiler. 



 

 6 

When you create the physical hierarchy, it is best to use the existing modules 
in the original logical hierarchy for the physical hierarchy. If you cannot use the 
logical hierarchy, you can create new hierarchy modules in IC Compiler.   

In the design planning phase, a physical partition is represented by a plan 
group. A plan group is an exclusive placement constraint to place cells of 
same physical partition together. It has to be defined on a module in the logical 
hierarchy that needs to be physically implemented and can contain only cells 
that belong to that module. You can manually define the location of a plan 
group, or you can use virtual flat placement to determine the location. 

When you are ready to implement the physical partition, you commit the plan 
group into a soft macro, which inherits the shape and size of the plan group. 

To help you decide on the physical partitions, IC Compiler provides the 
following features: 

 Layout window  

 Hierarchy browser 

 Virtual flat placement  

 Plan group shaping 

 

Layout Window 

In the layout window, you can use the Analysis toolbar shown below to display 
the flylines and net connectivity of selected cells or plan groups.  

 

 

Hierarchy Browser 

You can open the hierarchy browser in either the main window or the layout 
window. It displays the hierarchy tree of the netlist. For each logical module, it 
also displays columns of related information such as the reference name, the 
number of cells, the number of pins, the physical area, and the utilization (if 
the associated plan group has been created).  

The hierarchy browser has a pop-up menu that you open by right-clicking in 
the hierarchy browser. You can use this pop-up menu to perform the following 
tasks: 

 Add or hide columns of information 

 Color the cells of specified modules or plan groups 
 
Cell coloring can help you identify and analyze the cell distribution of the 
module.  

Net connectivity 

Flylines 
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 Modify the physical hierarchy 
 
If you cannot use the original logical hierarchy for the physical partitions, 

you can use the merge_fp_hierarchy and flatten_fp_hierarchy 

commands to modify the logical hierarchy, which are accessible from the 
pop-up menu. 
 

The merge_fp_hierarchy  command can merge only logical modules or 

cells that belong to same parent module. To merge modules that have 
different parent modules, you need to flatten their parent modules until the 
targets to merge are under same parent module. 
 
The hierarchy manipulation commands have options to help you 
automatically convert the original SDC constraints to match the new 
hierarchy.  

Virtual Flat Placement 

You can use virtual flat placement (the create_fp_placement command) 

to identify logical hierarchy modules that are feasible to use as physical 
partitions. When you do not know how to do the physical partitioning, run 
virtual flat placement without any partition constraints. The log file generated 

the create_fp_placement command contains information similar to the 

following: 

The cells of the suggested logical modules will stay close together in the 
placement result. This feature is called hierarchy gravity. The suggested 
physical partitioning is based on size, so that the physical hierarchy is well 
balanced.  

If you define the physical partitions (plan groups) before virtual flat placement, 
hierarchy gravity does not suggest any modules, but follows the user 
constraints. 
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Plan Group Shaping 

After virtual flat placement, you can place and shape plan groups based on the 

cell distribution (the shape_fp_blocks command). After placement and 

shaping, you can adjust the boundaries of the plan group to finalize the 
floorplan. IC Compiler supports both rectangular and rectilinear plan groups. 

In hierarchical designs that have block boxes or soft macros, the tool can 
automatically adjust their shapes along with plan groups.  

Hierarchical Floorplanning 

Hierarchical floorplanning includes the following steps: 

 Assigning pins  

 Padding plan groups 

 Shielding plan groups or soft macros 

 Creating soft macros from the plan groups 

 Pushing down physical objects from the chip-level into the blocks 

Assigning Pins 

Before you can perform pin assignment, you must finish the chip-level 
floorplan, placement, and netlist optimization. The following figure shows the 
steps and corresponding commands to do pin assignment in IC Compiler. 
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To perform pin assignment, 

1. Use the mark_clock_tree command to identify the clock nets.  

 
By doing this, pin assignment can give high priority to clock pins and 
avoid feedthroughs on clock nets.  
 
If your design planning flow includes clock planning, it can also be used 
to determine the clock pin locations. 
 

2. Define the pin assignment constraints by using the 

set_fp_pin_constraints command. 

 
By default, feedthrough nets are not created. To enable the creation of 
feedthrough nets, use the following command: 
 
set_fp_pin_constraints –allow_feedthroughs on 

 

3. Use plan-group-aware routing to suggest pin locations. 
 
To enable plan-group-aware routing in version A-2007.12-SP1 and later 
versions, use the following command: 
 
set_fp_flow_strategy –plan_group_aware_routing true 

 

Note: 
     The variable used to enable plan-group-aware routing in previous  
     versions can still be used. 
 

When plan-group-aware routing is enabled the route_global 

command recognizes that plan groups and routes internal to a plan 
group will not cross plan group boundaries. Routes that cross plan 
groups make minimal intersections with the plan group boundaries and 
do not crisscross. The intersection becomes the pin location of the plan 
groups. You can analyze the pin assignment by checking the topology 
of related global routes.  
 
To see the feedthrough nets projected by plan-group-aware routing, 

use the analyze_fp_routing -feedthrough_nets command. 

 

4. Use the analyze_fp_routing –finalize command to save the 

pin locations in the Milkyway design database. 
 
If feedthrough creation is enabled and feedthrough nets are needed, 
the tool creates new pins for the feedthrough nets in the logical 
hierarchy and saves the pin locations.  
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Important: 

     After you run the analyze_fp_routing –finalize command,  

     changes to the global routes no longer affect pin assignment. 
 

5. If feedthrough creation is enabled and feedthrough pins were added in 
the previous step, use the 
optimize_fp_timing -feedthrough_buffering_only 

command to insert buffers on the feedthrough nets. 
 
Inserting buffers on the feedthrough nets avoids assign statements in 
the Verilog output file. It also helps to improve the timing on interblock 
timing paths. 
 

6. Commit the plan groups into soft macros by using the 

commit_fp_plan_groups command. 

This command also places pins physically on the soft macro 
boundaries. After this, you can visually see that the pins are assigned.  
 

7. Report any pin assignment violations by using the 

check_fp_pin_assignment command. 

 

You can also use the check_fp_pin_alignment command to check 

pin alignment issues. 
 

8. Refine the pin assignment, if necessary. 
 
You can refine the pin assignment either by manually changing the pin 

assignment in the GUI or by using the place_fp_pins command to 

reassign individual pins. 
 
In the layout window, you can move, align, and sort pin locations, as 
well as remove pin overlaps. To access these functions, choose  
File > Task > Design Planning > Pin Assignment. 
 
To place pins on soft macros based on top-level connectivity, use the 

place_fp_pins command. 

 
You can also improve pin locations based on cell placement inside the 

soft macro by using the place_fp_pins –block_level command. 

For more information about block-level pin assignment or improvement, 
see SolvNet article 021179. 
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Padding Plan Groups 

In the hierarchical design planning phase, you should pad the plan group 

boundaries by using the create_fp_plan_group_padding command. 

This command prevents cells from being placed in the space around the plan 
group boundaries. If cells are placed too close to the plan group (later soft 
macro) boundaries may cause congestion and implementation issues. 

The plan group padding is visible in layout window. The plan group padding is 
dynamic, which means the padding follows the changes of plan group 
boundaries. After the plan groups are committed into soft macros, their 
padding is automatically converted into regular placement blockages. 

Shielding Plan Groups or Soft Macros 

To avoid congestion and crosstalk issues between a block and the top level, 
you can create shielding around plan group and soft macro boundaries. The 

create_fp_block_shielding command creates rectangular metal layers 

inside or outside plan groups and soft macros, or both.  

Usually, you can selectively create layers of metal to block the router from 
routing long nets along the block boundaries. Sometimes, even if you block 
layers in the preferred direction, nets can still be routed along the boundary 
using nonpreferred direction routing. In that case, you can consider blocking 
all layers. Shielding is created along the soft macro boundaries, but it leaves 
narrow openings to access the pins. 

Creating Soft Macros 

As described above, the commit_fp_plan_groups command commits plan 

groups into soft macros. Each soft macro is CEL view of the block in same 
Milkyway design library. All the related design information, including the netlist, 
floorplan, pin assignment, and power plan, is saved in the CEL view. You can 
use the CEL view directly for block implementation in IC Compiler. 

To flatten an existing soft macro into the top level, use the 

uncommit_fp_soft_macros command. 
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When you commit the soft macros, the tool creates a CEL view for each of the 
blocks in same Milkyway design library. To allow different people to work on 
different blocks without interfering with each other, you can use the 

split_mw_lib command to create a new Milkyway design library for each 

block and the top-level design, as shown in the following figure: 

 

After block-level implementation, you can link the CEL views for the blocks in 
different design libraries to the top-level design by using the 

set_mw_lib_reference command.  

Pushing Down Physical Objects  

In the hierarchical design planning phase, most of the floorplanning and netlist 
changes are done at the full-chip level, and then are inherited by the soft 
macros after committing the plan groups. However, in some cases you must 
make design changes at the top level and then push them into existing soft 

macros. You can do this by using the push_down_fp_objects command. 

This command can push the following objects down into the soft macros: 
power plan changes, floorplan objects (such as blockages and routing guides), 
detail routes, and logic cells into soft macros.  You can also push objects up 

from a soft macro to the top level by using the push_up_fp_objects 

command. 
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Timing Closure        

Timing closure in a hierarchical design is more challenging than that in a flat 
design. In a hierarchical design, timing optimization might not be able to see or 
change all the logic of the timing paths that are causing violations. Therefore, 
hierarchical design needs a more sophisticated flow to achieve timing closure. 

 

 

The flow shown in the previous figure is the recommended IC Compiler flow to 
close timing in a hierarchical design. It includes the following tasks: 

 Early chip-level timing feasibility check 

 Timing budgeting and block-level implementation 

 Top-level integration and timing rebudgeting 

 Signal integrity budgeting 

Early Chip-Level Timing Feasibility Check 

In the early design planning phase, you should check the timing of the entire 
design to identify issues. The timing feasibility check includes using the 

check_timing and report_timing commands to report unconstrained 
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paths and timing slack, and the check_fp_timing_environment 

command to check zero wire delay timing and timing bottlenecks.  It can also 
include other commands that you think might identify timing issues. 

If the early timing check shows serious timing violations, you should use in-

place optimization (the optimize_fp_timing command) to improve timing. 

When doing timing optimization, this command honors the plan groups defined 
in the hierarchical design, as well as the scan chain connections from the 
SCANDEF. The result predicts critical paths that you will face in the 
implementation phase. Negative slack on interblock paths after in-place 
optimization should not exceed 20 percent of the clock cycle time.   

You should analyze the results, identify the root causes of the timing issues, 
such as the floorplan, SDC constraints, or netlist, and resolve them before 
proceeding to the next steps. 

Timing Budgeting and Block-Level Implementation 

After the design passes the early timing feasibility check, you can perform 

timing budgeting by using the allocate_fp_budgets command on plan 

groups. The following figure shows the timing budgeting steps in the design 
planning flow: 
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Timing budgeting on plan groups runs with full-chip timing. It honors pin 
locations and feedthrough nets assigned to the plan groups.  Reasonable 
timing budgets result from good chip-level timing. 

After committing the hierarchy by using the commit_fp_plan_groups 

command, the created soft macros do not have timing models. You might 
encounter warning messages such as the following: 

These messages do not affect physical design operations, such as refining pin 
assignment. 

If you want to perform an early timing check at the top level after committing 
the hierarchy,  

1. Save the soft macro CEL views by using the save_mw_cel -hier 

command. 

2. Close the soft macro CEL views by using the close_mw_cel 

command, which leaves open only the CEL view for the top-level 
design. 

3. Generate ILMs for the soft macros from the top level by using the  

create_ilm_models command.  

4. Run a top-level timing report using the ILMs. 
This top-level timing report uses virtual-route-based timing only, as 
there is no global route or parasitic information for the ILMs. For 
accurate top-level timing, finish the global route or implementation flow 
inside each soft macro before generating the ILMs. 

Block level implementation uses soft macros and SDC budgets. See the IC 
Compiler Reference Methodology document for details about the flat 
implementation flow. Because the timing slack and environment constraints 
outside the soft macro cannot be accurately predicted in timing budgeting, the 
block implementation should focus on violations on internal paths. Defining 
separate path groups for input and output paths helps with this. 

You can also use the timing budgeting results from the early design planning 
phase to drive block-level Design Compiler topographical mode runs. In this 
case, you should ensure that the SDC constraints are appropriate for RTL 
synthesis. For more information about the RTL synthesis constraints, see the 
Design Compiler topographical mode documentation for more information. 
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Top-Level Integration and Timing Rebudgeting 

Top-level integration optimizes top-level designs with block-level ILMs. If the 
design cannot meet top-level timing on timing paths connected to ILMs, 
consider rebudgeting the design using ILMs, as shown in the following figure. 

 

 

Because the soft macros have been fully implemented, rebudgeting on ILM 
should limit changes for soft macros by using the following budgeting method: 

The soft macros specified in the list remain unchanged (fixed delay). Timing 
budgeting pushes negative slack into soft macros that are not in the list. Those 
soft macros receive tighter constraints so that the incremental block-level run 
will fix the remaining violations. 

Signal Integrity Budgeting 

Timing budgeting can consider crosstalk effects across soft macro boundaries 
when generating SDC constraints. It uses noise-induced delay to allocate 
slack. The effective aggressor driving strength for input pins and coupling 
capacitance outside soft macros are stored with soft macros, so that those 
crosstalk effects are honored in the block-level implementation.  

To enable signal integrity budgeting, set the enable_hier_si variable to 

true before running timing budgeting.    
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Top-Level Integration 

After block-level implementation, generate ILMs for top-level integration. For 
details about generating ILMs, see the IC Compiler User Guide and Online 
Help. 

ILMs support various floorplan styles, such as 

 Feedthrough nets 

 Abutted floorplans  
In this case, top-level nets might have zero wire length due to abutted 
pins.  

 Nested ILMs 
This allows you to create three or more levels of physical hierarchy in 
the design.  

If the ILMs are in the same design library as the top-level design, the ILMs are 
automatically linked with the design. If the ILMs are in separate design 
libraries, they must be set as reference libraries of the top-level design by 

using the set_mw_lib_reference command. The name of the ILM must 

match the reference cell name instantiated by the top-level design. 

In addition to the ILMs, you must also create a FRAM view for each block to 
allow over-the-block routing and to enable more accurate interconnect timing. 

Before starting top-level integration, use the change_macro_view command 

to change the CEL view to the FRAM view. Without the FRAM view of the soft 
macro, routing resources over the soft macro are completely blocked. 

The following figure shows the top-level ILM flow. 
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You can generate ILMs in IC Compiler after block-level implementation or you 
can generate them on blocks implemented by third-party tools.  After each 
major step in block-level implementation, you can generate ILMs for early 
exploration at the top level. 

Clock Tree Extraction In ILMs 

In version A-2007.12-SP2 and later versions, default ILM generation extracts 
the longest and shortest paths on each clock tree, in addition to the clock trees 
connected to the interface logic. Using the abstracted clock trees results in a 
smaller ILM than with full clock trees, while still providing accurate top-level 
clock timing. 

Prior to version A-2007.12, default ILM generation extracted only those clock 
trees that connect to interface logic and top-level clock tree synthesis required 
full clock trees. To workaround this issue, you have two choices: extract the 

full clock tree by using the create_ilm –keep_full_clock_tree 

command, at the cost of a larger ILM; or enable top-level clock tree synthesis 
to use the default ILMs by setting the 

cts_force_ilm_keep_full_clock_tree variable to false, at the cost of 

less accurate top-level clock skew results possibly reduced clock tree QoR. 

Top-Level Clock Tree Synthesis Using ILMs 

Top-level clock tree synthesis merges the clock trees inside the ILM into the 
top-level clock trees to measure clock skew and insertion delay. However, 

clock nets that belong to ILM clock trees are marked with dont_buffer_net 

attributes. To isolate these nets from the top-level nets, clock tree synthesis 
adds guide buffers outside the ILM clock inputs and outputs, as show in the 
following figure. 
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In some cases, the guide buffers can affect the clock tree synthesis QoR. To 
allow clock tree optimization to optimize or remove these guide buffers, set the 

cto_remove_ilm_guide_buffer variable to true. 

Clock definitions and exceptions inside the ILM are automatically propagated 
to the top-level for clock tree synthesis. 

Advanced Hierarchical Design Feature Support  

IC Compiler supports advanced design features, such as hierarchical DFT 
methodology with Design Compiler topographical mode, hierarchical 
multivoltage design flow, and hierarchical multicorner-multimode (MCMM) 
design flow. For details, see the Design Compiler topographical mode 
documentation and IC Compiler User Guide.  

The virtual flat flow discussed in this document is the recommended 
hierarchical design flow. However, IC Compiler also supports other 
hierarchical flows, such as the top-down flow, bottom-up flow, and black box 
flow. Abutted hierarchical floorplans are also supported in IC Compiler. As 
compared to the virtual flat flow, these flows follow similar steps with minimal 
changes.  

Clock Planning 

Clock planning is an optional step in the design planning flow. You can use 
clock planning to estimate the clock tree insertion delay and skew in a 
hierarchical design. It also helps you determine the optimal clock pin locations 
on blocks. For details about clock planning, see the clock planning 
documentation in the IC Compiler User Guide. 
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If you use clock planning, run it before pin assignment as shown in the 
following figure. 

 

 

Clock planning inserts anchor cells to isolate the clock trees inside the plan 
group from the top-level clock tree. It then runs fast clock tree synthesis for 
each plan group to estimate the clock skew and insertion delay. The clock tree 
synthesis results are annotated on floating pins defined on the anchor cells. 
Clock planning synthesizes the top-level clock tree to the anchor cell floating 
pins. The following figures show these steps. 
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For hierarchical timing closure, clock planning is also used to generate realistic 
clock latency through budgeting to fix timing violations.  

Top-level timing violations result not only from delays on combinational logic 
between registers, but also from clock skew between launching and capturing 
registers. In a hierarchical design, clock tree synthesis inside each soft macro 
cannot consider clock skews with the top level and other soft macros. In the 
top-level integration phase, clock skews among different soft macros can 
cause set up and hold violations on interblock paths. It is very hard to fix these 
violations without changing the soft macros.  

To estimate the chip-level clock skew issues for block-level implementation, 
consider using clock planning. 

Timing budgeting with and without clock planning generates different SDC 
constraints. The following table gives a comparison of the budgeting results. 

 

 

In both cases, the SDC constraints have the same environment and real clock 
definitions. The virtual clocks used for timing exceptions are also the same. All 
the virtual clocks use same naming convention: [$real_clock]_virtual[1-9]. 

However, for timing budgeting run after clock planning virtual clocks are also 
generated for clock latency budgets. Those virtual clocks use the following 
naming convention: [$real_clock]__v__[in|out]. 
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For clock latency constraints, timing budgeting without clock planning uses the 
ideal latency from the full-chip SDC constraints. Timing budgeting with clock 
planning uses the source and network latency from the clock planning results.  

For slack budgets, budgets without clock planning will have the input and 
output delays defined with reference to real clocks.  Clock planning budgets 
define input and output delays with reference to the related virtual clocks that 
are for latency budgets. One clock planning budget example is shown below: 

The timing path through port A not only has input delay of 1.5, but also a clock 
latency 2.6 from clk__v__in. Block-level optimization honors these constraints 
to identify timing violations. Without clock latency budgets, the same path 
might not be identified as a critical path until you perform top-level clock tree 
synthesis. 

For more details about clock latency budgets, see the timing budgeting 
documentation in the IC Compiler User Guide. 

IC Compiler Hierarchical Reference Methodology 

The hierarchical reference methodology is part of the IC Compiler reference 
methodology release. It provides you with a full set of scripts to go through 
design planning, block-level implementation, and top-level integration. You can 
use it to understand the major and commonly used commands and options in 
the hierarchical flow.  

You can get the reference methodology scripts from SolvNet article 021624. 
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