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Hybrid Virtual Prototype Technology for Large-Scale System Development
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Abstract

Konica Minolta develops and produces a variety of system
products such as multi-functional peripherals (MFPs), print-
ers and healthcare apparatuses. Developing the hardware
(HW) and software (SW) that constitute these system prod-
ucts is constantly challenged by the products’ increasing
scale and complexity. On such a scale and with such com-
plexity, achieving functional HW/SW cooperation makes
HW/SW co-verification of paramount importance.

When we used a logic simulation environment to co-verify
HW/SW prior to the fabrication of LSI (large-scale integra-
tion), simulation speed dropped because of the scale and
complexity of the LSI. So, to speed the development of sys-
tem products, we turned to HW/SW co-simulation via a hy-
brid virtual prototype environment utilizing a logic
emulator.

In a conventional non-hybrid virtual prototype environ-
ment based on ESL (electronic system level) technology,
simulation is very fast, but the large-scale HW modeling in-
volved is a bottleneck. In response, we adopted a virtual pro-
totype to speed up the simulation of vendor-available parts
such as CPUs, a logic emulator to speed up the simulation of
custom HW parts, and a hybrid virtual prototype environ-
ment that combines the two.

The result was a HW/SW co-simulation 1,260 times faster
than obtained with a conventional logic simulator environ-
ment: one minute versus 21 hours. Further, large-system
verification combining multiple HW components and multi-
ple HW modules was now possible. Because of this extremely
rapid HW/SW co-simulation, HW/SW hybrid co-verification
shortened development time down to a practical duration,
thus greatly facilitating product development and quality
assurance.
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A) HW/SW co-verification following LS| manufacturing
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Fig. 1 Hardware and software development. System verification (HW/
SW co-verification) during LSI manufacturing using RTL (resister
transfer level) design data enables faster time-to-market for sys-
tem products.
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Fig. 2 Conventional HW/SW co-verification. The CPU is simulated by an
ISS (instruction set simulator) and the hardware by a logic simula-
tor. The two simulators work together to realize co-simulation.
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Fig. 3 Abstraction level of HW design. The ESL (electronic system level)
is the highest level of abstraction. On that level, we adopted the
loosely timed SystemC.
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Fig. 4 Virtual prototype environment capable of high-speed simulation.
The hardware is modeled in SystemC.
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A) Logic simulator and virtual prototype environment: very slow
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B) Logic emulator and virtual prototype environment: fast
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Fig. 5 Simulation speeds. The logic simulator is very slow since the vir-
tual prototype must repeatedly wait for synchronization. But the
high speed of the logic emulator and hybrid virtual prototype
makes for an extremely short wait time.
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Table 1 Co-simulation methods. Non-hybrid virtual prototypes are fast-
est, but require large-scale modeling development. In contrast,
virtual prototypes on a logic emulator are fast, and modeling
development is small-scale.
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Fig. 6 Hybrid virtual prototype environment. Vendor-available parts
such as CPUs are mounted on the virtual prototype, while user
logics (custom parts) are mounted on the logic emulator.
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Fig. 7 Process and structure of the logic emulator. User logics are synthe-
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and routing. They are mounted on the FPGA (field-programmable
gate array) of the logic emulator.
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Method Simulation speed Modeling development scale
Virtual prototype Very fast Large

Virtual prototype Fast Small

+ logic emulator

Virtual prototype Very slow Small

+ logic simulator

Logic simulator Very slow Small
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Fig. 8 Fast initialization. Controlling the synchronous frequency of the
virtual prototype and logic emulator during initialization speeds
up initialization by reducing wait time.
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Fig. 9 Simulation times of a logic simulator and a hybrid virtual proto-
type on a logic emulator. The hybrid virtual prototype is 1,260
times faster than the logic simulator.
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Fig. 10 System test: co-verification of software and hardware compo-
nents. With the hybrid virtual prototype, system testing can be
done prior to fabricating an actual physical prototype.
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