
From the software perspective,
Seamless simulates objects in standard
binary formats such as ELF or COFF,
therefore embedded code can run unmodi-
fied, minimizing the impact on the design
process and ensuring that the verification
accurately represents the system operation. 

Seamless can be used in the debug of all
aspects of the embedded software. However,
the greatest value is in validating that 
hardware-centric software and firmware
function with the embedded hardware. By
fully simulating the boot-up of your design,
Seamless reduces the risk of finding incom-
patibilities between hardware and software
when prototypes are delivered. 

Additionally, the embedded software
can be used as a testbench to drive the
hardware verification and supplemental
directed tests can be implemented as 
fragments of C code to drive verification 
of specific hardware blocks.

Because Seamless combines the full
visibility of the hardware through the 
verification environment with a graphical,
source-level software debugger, you have
the control and visibility necessary to
isolate and correct design errors quickly.
Rather than spend weeks or months trying
to boot your system, designs verified with
Seamless typically boot on the first day.

With Seamless, your embedded software
and hardware arrive at system integration
completely verified and ready to run. The
embedded software becomes part of the
hardware debug process, and the RTL
replaces the need to write stub code (elim-
inating the overhead of writing what is
essentially throw-away code) improving the
total coverage area of software simulation. 

Seamless works with RTL that exactly
represents the final implementation and the
embedded software that will be on the final
application; other approaches to creating a
simulation environment imply making
compromises or approximations of the
design, which in turn leads to the risk of
errors remaining undetected.

Because hardware and software are
simulated on a common reference platform
— any ambiguity or inconsistency between
the hardware and software are quickly
revealed and easily corrected. This is espe-
cially important for hardware and software
design teams who work independently 
or from remote locations.

The Key to Efficient 
Co-Verification: Balancing
Throughput and Detail

For detailed hardware debug, Seamless
connects the instruction-set simulator 
(ISS) with the logic simulator for accurate

co-verification. However, the benefits of 
a high-performance ISS can be negated 
if the ISS needs to communicate with the
logic simulator on every cycle. In these
instances, Seamless decouples this over-
head for faster, more efficient operation.

These optimizations are built on the
patented Coherent Memory Server techno-
logy that provides access paths to memory
from both the ISS (high speed, or optimized)
and the logic simulator. User controls set
either interactively or triggered by software
and hardware events allow you the freedom
to choose which areas of memory are opti-
mized and when they are optimized — all
without the need to halt or restart simula-
tion. Seamless supports multi-processor
designs and processors with multiple
address spaces and a wide range of
commonly used memory management
techniques such as interleaving, remapping,
error code correction, and parity checking.

Seamless provides easy-to-use methods
for creating or modifying memory models
to work with the Coherent Memory Server
making integration a simple process.
Seamless is fully integrated and compatible
with the leading memory modeling solution
provider, Denali Software, Inc., which makes
available over 4,000 commercial memory
components that can be automatically
inserted into Seamless co-verification.

The patented Seamless Coherent Memory Server allows you to switch dynamically between detailed hardware verification and high-speed
software execution.



Seamless Performance
An example of where Seamless opti-

mizations are applied is in the initialization
of a real time operating system (RTOS). 
A typical usage scenario is to simulate the
interaction of hardware with tasks or code
that first require the RTOS to be booted. 
In logic simulation, this can take many
days of simulation time, which render it
impractical. With Seamless, most of the
fetch/store/load cycles (99% or more) can
be optimized, so simulation time for the
boot is reduced to minutes, even seconds.
The typical performance gain seen is four
to five orders of magnitude, tens of thou-
sands of instructions per second instead 
of single digits. 

Seamless Processor Support
Packages

Seamless processor support packages
(PSPs) incorporate an instruction-set simu-
lator which interprets and runs standard
object files created for the target applica-
tion and a BIM that provides the interface
between the ISS and the external hardware.
PSPs are developed in partnership with the
intellectual property (IP) vendors and
utilize components such as the ISS and
peripheral models that have already been
verified to conform to that particular IP
vendor’s processor specifications.

Seamless PSPs include a graphical 
software debugger such as XRAY® from
Mentor Graphics that delivers robust 
software execution and debug for single 
or multi-processor designs.

Hardware Verification 
Using Seamless within an existing

simulation environment, very few changes
are required to your design in order to fully
utilize co-verification. Seamless PSPs drop
into the existing simulation environment
whatever the RTL description you’ve
created, or whatever the language: VHDL,
Verilog, System Verilog, or SystemC.

Seamless is integrated with all of the
most popular logic simulators in use
today. This includes ModelSim® from
Mentor Graphics, Incisive (formerly 

NC-Sim) from Cadence, and VCS from
Synopsys, as well as Mentor Graphics
VStation™ hardware emulator. Seamless
forms part of the complete verification
environment interfacing to and inter-
acting with tools and techniques such as
assertion-based verification.

Software Debug
Seamless is used to either debug the

software interaction with hardware, or to
make use of the embedded software to drive
hardware verification, or sometimes both.

A typical software application will be
written with different layers: a designer
begins with layers that are close to and
have a high dependency on hardware i.e.,
boot code, drivers, and exception handlers
upon which the application is then built.
Seamless can be used to debug any appli-
cation code, but is most apposite in the
debug of layers that have a high degree 
of interaction with the hardware.

For hardware verification, designers
can use the embedded code itself or write
directed tests that are executed in Seamless
to drive the hardware simulation.

With Seamless, designers improve the
hardware verification process by expand-
ing the coverage area or by writing more
efficient tests by simply using the software
as a source for “free” vectors to drive
assertion-based tools.

Bringing it all Together
Seamless creates an integrated platform

for both hardware and software design
teams. Through this commonality,
designers work in a consistent environ-
ment with a single reference model. This
common platform enables hardware and
software designers to design and verify
their design simultaneously – earlier in the
design process, making debugging easier,
thus saving valuable time and engineering
resources once hardware is delivered.
Working on a virtual prototype provides
the most productive environment for
debugging hardware and software and
correcting any problems found before the
hardware is finalized in implementation.

Seamless PSPs available for
 industry-leading Microprocessors

         and DSPS.

PSP Partners Include:

    Visit the Seamless Web site 
at www.mentor.com/seamless for

         the latest catalog.

ARM7 Thumb Family, 
ARM9 Thumb and 
ARM9E Families, 
ARM10E Family, 
ARM11 Family
ARM Cortex Family

PowerPC 405, 440,

4K, 4KE, 4KSd, 
M4K, 5K, 20K, 
24K, 4KE

PowerPC 603e, 
75x, 74xx,
PowerQUICC I, II, III

C6416,
C64x+

Xtensa V and LX
Diamond Standard



Outperform Your Specs — And the Competition
Equal importance to verifying functional correctness, is the

need to validate that the design also meets performance specifica-
tions and that the projected implementation is optimal for the
system functionality. 

Seamless System Profiler™ gives you the capability to chart key
design performance metrics using data logged during co-verification.
You can quickly spot throughput bottlenecks and receive graphical
feedback on the impact of design changes intended to correct them. 

Similarly, you can quickly determine whether memory, cache,
and bus implementations are optimal for the design.

Seamless System Profiler analysis displays include:
• Software profile
• Execution software Gantt chart
• Memory and cache transactions, memory hotspots, 

and utilization
• Processor and memory subsystem power estimation
• Bus load and arbitration delay 

With deep visibility into hardware and software interactions
and cycle accurate modeling, Seamless System Profiler is an ideal
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Profiling system
performance enables
comparison of
design alternatives
and optimization of
the design before the
hardware implemen-
tation is finalized.
Displays are aligned
so that cause and
effect can easily be
determined.

The Seamless System Profiler charts key design performance metrics.
Analysis displays include software profile, memory & cache transac-
tions, power estimation, and bus load & arbitration delay. 

environment for the collection and display of these design metrics.
This powerful, add-on feature allows designers to produce an end
product that outperforms its target specifications and is optimal
for the system functionality. 

Product features:
• System Profiler views:

– Software code profiling
– Software Gantt chart
– Memory & cache transactions
– Memory heatmap
– Power estimation
– Bus load & arbitration delay

• Stackable views & ModelSim
connection

• Supports multi-CPU & 
multi-bus designs

Seamless System Profiler Performance Analysis




