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(57) ABSTRACT 

A system and method is described for connecting a logic 
circuit simulation to a hardware peripheral that includes a 
computer running software for communicating data to and 
from the hardware peripheral. The software transmits the 
data received from the hardware peripheral to the device 
being simulated by the logic circuit simulation. The com 
puter also transmits the data received from the device being 
simulated by the electronic circuit simulation to the hard 
ware peripheral. This allows the user to test the device being 
simulated using real hardware for input and output instead of 
simulated hardware. 
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Figure 2 
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APPARATUS AND METHOD FOR CONNECTING 
HARDWARE TO A CIRCUIT SIMULATION 

BACKGROUND OF THE INVENTION 

0001 Prior to reducing an integrated circuit design to a 
form Suitable for fabrication, the integrated circuit design is 
often simulated in software on a computer to allow the 
design to be optimized and debugged. Typically, using a 
hardware description language (e.g., Verilog), the circuit 
designer prepares a description of the integrated circuit, 
which is then compiled into a software model to be simu 
lated on the computer (e.g., an engineering workstation). 
0002. When an integrated circuit that connects to periph 
eral hardware, such as an LCD display or a Universal Serial 
Bus (USB) port, is simulated, the peripheral hardware is 
modeled in the hardware description language and commu 
nication with the peripheral hardware is also simulated. 
However, such a model of the peripheral hardware does not 
behave completely accurately and correctly. There are often 
logical, electrical, or timing differences between the simu 
lation model and the physical peripheral hardware. When the 
integrated circuit is manufactured and connected to the 
actual peripheral hardware, these problems will become 
apparent and the integrated circuit will often need to be 
redesigned to compensate for them. 

SUMMARY OF THE INVENTION 

0003) The present invention allows a logic circuit simu 
lator running on a host computer (e.g., a personal computer) 
and simulating a circuit ('simulated device') to connect to 
a physical peripheral hardware device. The present inven 
tion provides a method and an apparatus for transferring data 
between a circuit simulation and the peripheral hardware 
device. In one embodiment, an interface Software program 
also installed on said host computer is provided to handle 
communication between the operating system drivers for the 
peripheral hardware device and the simulated device. The 
peripheral hardware device can be, for example, a computer 
display monitor. 
0004. According to the present invention, data sent to a 
simulated device from a physical peripheral hardware device 
is received by the interface software and stored in buffers in 
the existing memory in the host computer. Said interface 
Software in said host computer repackages the data into a 
second format for transmission to said simulated device. In 
one embodiment, the data from said physical peripheral 
hardware device is sent to the operating system of said host 
computer. Said interface Software intercepts said data and 
examines it. If said data is intended for said simulated 
device, said interface software loads it into said data buffers, 
Subsequently repackages said data into a second format for 
transmission to said simulated device and sends said repack 
aged data to the simulated device. If said data from said 
physical peripheral hardware device is not intended for said 
simulated device, said interface Software program sends said 
data on to said host computer operating system. 
0005 Similarly, the interface software in the host com 
puter repackages data received from the simulated device 
into proper format for transmission to the physical periph 
eral hardware device. Under this arrangement, the existing 
memory in the host computer is used to buffer data com 
municated between said simulated device and said physical 
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peripheral hardware device. In one embodiment, the data 
from said simulated device is sent to the interface software 
program. If said data is intended for said physical peripheral 
hardware device, said interface software program repack 
ages said data and sends said data to said host computer 
operating system for transmission to said physical peripheral 
hardware device. Said operating system is notified that said 
data is intended for said physical peripheral hardware device 
because said interface Software program uses a specific 
application program interface (API) of the operating system 
used specifically to access said physical peripheral hardware 
device. 

0006. In one embodiment, the interface software of the 
host computer is implemented as a multithread program 
including four executing threads. One thread is a task that 
receives data from the physical peripheral hardware device 
and stores said received data in a first buffer. A second thread 
is a task that polls said first buffer for said received data. This 
second thread repackages said received data and sends said 
repackaged data via the simulation interface to the simulated 
device. A third thread is a task that receives data from said 
simulated device via said simulation interface and stores 
said received data in a second buffer. A fourth thread is a task 
that polls said second buffer for said data received from said 
simulated device. Said fourth thread repackages said data 
received from said simulated device and sends said repack 
aged data to said physical peripheral hardware device using 
an API of the operating system software of said host 
computer. 

0007. In another embodiment, the interface software of 
the host computer is implemented as a multithread program, 
as in the previous embodiment, except that the second buffer 
is eliminated and the third and fourth threads are combined 
into a single thread. In this embodiment, the tasks of the 
single thread receive data from the simulated device via the 
simulation interface, repackages said received data and 
sends said repackaged to said physical peripheral hardware 
device using an API of the operating system software of said 
host computer. This approach is possible because a circuit 
simulation runs at a much slower speed than the physical 
peripheral hardware device, such that data received from the 
simulated device can be repackaged and sent to the physical 
peripheral hardware device before the next data packets 
arrival from the circuit simulation. 

0008. In yet another embodiment, the interface software 
of the host computer is implemented as a multithreaded 
program having, in one instance, two executing threads. One 
thread is a task that receives data from the physical periph 
eral hardware device, stores said received data in a buffer, 
retrieves said stored data for repackaging, and sends said 
repackaged data via a simulation interface to the simulated 
device. Another thread is a task that receives data from said 
simulated device via said simulation interface from said 
simulated device, repackages said data and sends said 
repackaged data to said physical peripheral hardware device 
using an API of the operating system Software of said host 
computer. 

0009 Further features and advantages of various embodi 
ments of the invention are described in the detailed descrip 
tion below, which is given by way of example only. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The present invention will be understood more 
fully from the detailed description given below and from the 
accompanying drawings of the preferred embodiment of the 
invention, which, however, should not be taken to limit the 
invention to the specific embodiment but are for explanation 
and understanding only. 

0011 FIG. 1 shows a computer with various hardware 
peripherals including built-in peripherals and external 
peripherals. 

0012 FIG. 2 shows a block diagram of typical computer 
Software including low-level hardware drivers, an operating 
system, application programs, and a user interface. 

0013 FIG. 3 is a block diagram showing the functions 
performed by SoftBridge program 200, in accordance with 
one embodiment of the present invention. 
0014 FIG. 4 is a block diagram showing the functions 
performed by SoftBridge program 200, in accordance with 
a second embodiment of the present invention. 
0.015 FIG. 5 is a block diagram showing the functions 
performed by SoftBridge program 200, in accordance with 
a third embodiment of the present invention. 
0016. In the following detailed description, to simplify 
the description, like elements are provided like reference 
numerals. 

DETAILED DESCRIPTION 

0017 Software that allows a logic circuit simulator run 
ning on a host computer (e.g., a personal computer) and 
simulating a circuit ('simulated device') to connect to a 
physical peripheral hardware device is described. In the 
following description, numerous specific details are set 
forth, such as the peripheral interface, the operating system, 
the type of computer, etc., in order to provide a thorough 
understanding of the present invention. It will be obvious, 
however, to one skilled in the art that these specific details 
need not be used to practice the present invention. In other 
instances, well known structures, functions, and software 
programs have not been shown in detail in order not to 
unnecessarily obscure the present invention. 
0018 FIG. 1 shows a typical computer configuration that 
implements the present invention. The processor 101 con 
nects via high-speed processor-system bus 120 to the cache 
controller 102 and the cache memory 103. Said cache 
controller 102 connects via a medium speed memory-system 
bus 130 to main memory 104 and bridge 105 as well as to 
high speed peripheral devices such as fast mass storage 
device 106, fast display 107, and other fast peripherals 108. 
Note that said processor 101 also connects directly via 
medium speed memory-system bus 130 to said high speed 
peripherals fast mass storage device 106, fast display 107. 
and other fast peripherals 108. Said bridge 105 acts to 
connect the medium speed memory-system bus 130 to 
low-speed system bus 140 which connects to slow periph 
erals slow display 109, keyboard 110, mouse 111, slow mass 
storage device 112, printer 113, and slow peripherals 114. 
All peripherals, fast or slow, are shown in shaded box 150. 
Note that peripherals may in fact be boards or chips that 
drive peripheral devices, but for the purposes of this inven 
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tion, we do not differentiate between the chips or board that 
drives a peripheral and the peripheral itself. 

0019 FIG. 2 shows a block diagram of the software 
executing on processor 101. At the lowest level is the driver 
software for hardware peripherals 205. This software, usu 
ally supplied by the manufacturer of said peripherals allows 
computer operating system software 204 to access said 
peripherals without detailed knowledge of the hardware 
design or the operation of said peripherals. Said operating 
system also includes routines called hardware peripheral 
application program interfaces (APIs) 202 that allow appli 
cation programs to indirectly access the hardware peripher 
als via said operating system. In this way, application 
programs can control the peripherals but the operating 
system can override said control or can allocate these 
peripherals to application programs according to particular 
priorities. 

0020. A circuit simulation program 203 runs at a higher 
level than the operating system and uses the operating 
system to communicate with the user to display information 
via a peripheral Such as a monitor or a printer. Said simu 
lation program also uses the operating system to get infor 
mation from a user via the mouse or keyboard. The operating 
system 204 also allows said simulation 203 and other 
applications to be running simultaneously and allocates time 
and resources to all applications according to set priorities. 

0021 One embodiment of the invention is shown as 
SoftBridge program 200, an application program that runs 
on top of the operating system, which controls the computer 
resources allocated to it. The SoftBridge program 200 can 
communicate to the simulation 203 via a software interface 
called a programming language interface (PLI) 206. 
0022 Note that the SoftBridge program 200 can use the 
hardware peripheral APIs 202 to access the hardware periph 
erals indirectly. In some cases, to increase performance for 
example, it may be necessary for the SoftBridge program 
200 to access the driver software 205 directly, bypassing the 
operating system 204 and the APIs provided by the operat 
ing System. 

0023 The user interface 201 is the part of the SoftBridge 
program 200 that allows the human user to enter information 
and control operation of the program 200. Said user interface 
201 also gives results back to the human user. 
0024. In prior art, a circuit simulation of a device that 
drives a hardware peripheral would output raw data. An 
engineer would then look over the data and compare it 
manually to a specification for said hardware peripheral to 
determine whether the data is correct. This manual checking 
of data is a time consuming operation that is prone to human 
error and limits the amount of simulation that can be run 
because time in the development process must be allocated 
for humans to check the results. Another prior art method is 
to create a circuit simulation of the hardware peripheral 
("simulated peripheral') and have the simulated device drive 
the simulated peripheral and observe that the correct behav 
ior occurs. This method requires that an engineer write a 
model for said hardware peripheral. Not only does this take 
time to develop said model, but the model itself is prone to 
human error because it may not be completely correct and 
may thus not accurately model the true behavior of the 
peripheral hardware. Because the circuit simulation software 
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must now simulate not only the device that drives the 
software but also the peripheral hardware device being 
driven, the simulation Software runs much slower. 
0025. In prior art, a simulated device that receives data 
from a hardware peripheral would need to have raw data 
written by an engineer and then used by the simulation 
software as stimuli for the device. This manual creation of 
data is a time consuming operation that is prone to human 
error and limits the amount of simulation that can be run 
because time in the development process must be allocated 
for humans to create the data. Another prior art method is to 
create a circuit simulation of the hardware peripheral and 
have the simulated peripheral drive the simulated device and 
observe that the behavior is correct. This method requires 
that an engineer write a model for the hardware peripheral. 
Not only does this take time to develop said model, but the 
model itself is prone to human error because it may not be 
completely correct and may thus not accurately model the 
true behavior of the peripheral hardware. Because the circuit 
simulation software must now simulate not only the device 
that drives the software but also the peripheral hardware 
device being driven, the simulation software runs much 
slower. 

0026. In other prior art, a hardware peripheral device is 
connected, pin by pin, to another hardware peripheral device 
called a hardware modeler interface, which is in turn con 
nected to a host computer. Said host computer runs a circuit 
simulation of a device. Whenever said simulated device 
intends to stimulate said hardware peripheral, said simula 
tion software notifies special hardware modeling software, 
which forces said hardware modeler interface to assert or 
deassert signals to said hardware peripheral according to the 
simulated device outputs. Similarly, whenever said hard 
ware peripheral outputs change, said signals are sent to said 
hardware modeler interface, which notifies said hardware 
modeling software, which in turn notifies said simulation 
software, which stimulates said simulated device. This 
method requires very specialized software, the hardware 
modeling software, to interface between the simulation 
software and the hardware modeler interface. This hardware 
modeling software must continually be rewritten to be 
compatible with new operating systems, new host comput 
ers, or new simulation software. The hardware modeler 
interface is a costly, specialized piece of hardware that must 
physically be connected to the hardware peripheral. Said 
hardware modeler interface is limited to connecting to 
certain hardware peripheral devices by the type and size of 
the connectors that it has available. For example, to connect 
to an ISA card, said hardware modeler interface must have 
an ISA connector and to connect to a PCI card, said 
hardware modeler interface must have a PCI connector. To 
be able to connect to any kind of peripheral device would 
require said hardware modeler interface to comprise an 
extremely large circuit board with dozens of connectors, or 
consist of dozens of different boards for connecting to 
different peripheral hardware devices. 
0027. The present invention overcomes the limitations of 
the prior art by interfacing a real hardware peripheral to the 
circuit simulation of said device, taking advantage of stan 
dard software that is easily available and has already been 
fully tested. This standard software includes driver software 
and APIs that are written by the hardware peripheral manu 
facturer and are included in most standard operating sys 
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tems. As shown in FIG. 3, data from the circuit simulation 
203 of said device that is intended to drive said hardware 
peripheral is sent to the SoftBridge program 200 from the 
circuit simulation program PLI. The SoftBridge program 
200 sends said data to the hardware peripheral either via the 
hardware peripheral API 202 of the operating system or 
directly to the hardware peripheral device drivers 205. Data 
from the hardware peripherals is retrieved by the SoftBridge 
program 200 either from the hardware peripheral API 202 of 
the operating system or directly from the hardware periph 
eral device drivers 205. The SoftBridge program 200 sends 
said data to the circuit simulation 203 via the circuit simu 
lation program PLI. 

0028 FIG. 3 shows a block diagram of the SoftBridge 
program. In this embodiment, the SoftBridge program 200 
has a start routine 301 that initiates the program and begins 
execution upon input from the user. Said start routine 
initializes four independent threads that run simultaneously, 
thread 1 (310), thread 2 (320), thread 3 (330), and thread 4 
(340). Thread 1 consists of a data reception routine 302 that 
receives data from the hardware peripheral either via the 
operating system API 202 or directly from the hardware 
drivers. Said data reception routine 302 may obtain said data 
by polling the hardware or alternatively via an interrupt 
mechanism that signals the thread whenever data is available 
from said hardware. Said data reception software routine 
302 receives said data and stores it in a shared memory 
buffer 303. Thread 2 consists of data transmission routine 
304 that polls said shared buffer 303. When data is available 
in said shared buffer 303, said data transmission routine 304 
retrieves said data. If necessary, data transmission routine 
304 modifies said data to be acceptable to the circuit 
simulator 203. Data transmission routine 304 then transmits 
said data to said circuit simulator via a PLI. 

0029. Thread 4 consists of a data reception routine 307 
that retrieves data from circuit simulator 203 via a PLI. 
Thread 4 may obtain said data by polling the circuit simu 
lator or alternatively via an interrupt mechanism that signals 
the thread whenever data is available from said circuit 
simulator. Said data reception routine 307 stores said 
received data in shared memory buffer 306. Thread 3 
consists of data transmission routine 305 that polls said 
shared buffer 306. When data is available in said shared 
buffer 306, said data reception routine 305 retrieves said 
data. If necessary, said data reception routine 305 modifies 
said data to be acceptable to the hardware peripheral. Said 
data reception routine 305 then transmits said data to said 
hardware peripheral either via the operating system API 202 
or directly to the hardware drivers. 

0030. In this embodiment, the SoftBridge program 200 
has a stop routine 308 that takes input from the user in order 
to stop all executing threads of the program. 

0031 FIG. 4 shows another embodiment of the Soft 
Bridge program 200. In this embodiment, the SoftBridge 
program 200 has a start routine 301 that initiates the program 
and begins execution upon input from the user. Said start 
routine initializes three independent threads that run simul 
taneously, thread 1 (410), thread 2 (420), and thread 3 (430). 
Thread 1 consists of a data reception routine 302 that 
receives data from the hardware peripheral either via the 
operating system API 202 or directly from the hardware 
drivers. Said data reception routine 302 may obtain said data 
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by polling the hardware or alternatively via an interrupt 
mechanism that signals the thread whenever data is available 
from said hardware. Said data reception software routine 
302 receives said data and stores it in a shared memory 
buffer 303. Thread 2 consists of data transmission routine 
304 that polls said shared buffer 303. When data is available 
in said shared buffer 303, said data transmission routine 304 
retrieves said data. If necessary, data transmission routine 
304 modifies said data to be acceptable to the circuit 
simulator 203. Data transmission routine 304 then transmits 
said data to said circuit simulator via a PLI. 

0032) Thread 3 consists of a data reception routine 307 
that retrieves data from circuit simulator 203 via a PLI and 
a data transmission routine 305 that transmits said data to the 
hardware peripheral either via the operating system API 202 
or directly to the hardware drivers. Thread 3 may obtain said 
data by polling the circuit simulator or alternatively via an 
interrupt mechanism that signals the thread whenever data is 
available from said circuit simulator. Said data reception 
routine 307 sends said received data to said data reception 
routine 305 that modifies said data to be acceptable to the 
hardware peripheral, if necessary, then transmits said data to 
said hardware peripheral either via the operating system API 
202 or directly to the hardware drivers. This embodiment 
takes advantage of the fact that the circuit simulator 203 is 
running much slower than the software of the SoftBridge 
program 200 and that the hardware peripheral can receive 
data at a faster rate than the software can send it. Therefore 
there is only a single thread to retrieve data from the circuit 
simulator and send it to the hardware peripheral. In this 
embodiment, the SoftBridge program 200 can perform the 
entire operation of thread 3 without slowing down the circuit 
simulator or the hardware peripheral. Unlike the embodi 
ment shown in FIG. 3, this embodiment does not need a 
shared memory buffer between data reception routine 307 
and data transmission routine 305. 

0033. In this embodiment, the SoftBridge program 200 
has a stop routine 308 that takes input from the user in order 
to stop all executing threads of the program. 

0034 FIG. 5 shows another embodiment of the Soft 
Bridge program 200. In this embodiment, the SoftBridge 
program 200 has a start routine 301 that initiates the program 
and begins execution upon input from the user. Said start 
routine initializes two independent threads that run simul 
taneously, thread 1 (510), and thread 2 (520). Thread 1 
consists of a data reception routine 302 and a data trans 
mission routine 304. Data reception routine 302 receives 
data from the hardware peripheral either via the operating 
system API 202 or directly from the hardware drivers. Said 
data reception routine 302 may obtain said data by polling 
the hardware or alternatively via an interrupt mechanism 
that signals the thread whenever data is available from said 
hardware. Said data reception software routine 302 receives 
said data and sends it to said data transmission routine 304 
that modifies said data to be acceptable to the circuit 
simulator 203, if necessary, then transmits it to said circuit 
simulator via a PLI. This embodiment takes advantage of the 
fact that the hardware peripheral sends data at a slower rate 
than the software of the SoftBridge program 200 can receive 
it. Therefore, there is only a single thread to retrieve data 
from the hardware peripheral and send it to the circuit 
simulator. In this embodiment, the SoftBridge program 200 
can perform the entire operation of thread 1 without missing 
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data from the hardware peripheral. Unlike the embodiment 
shown in FIG. 4, this embodiment does not need a shared 
memory buffer between data reception routine 302 and data 
transmission routine 304. 

0035) Thread 2 consists of a data reception routine 307 
that retrieves data from circuit simulator 203 via a PLI and 
a data transmission routine 305 that transmits said data to the 
hardware peripheral either via the operating system API 202 
or directly to the hardware drivers. Thread 2 may obtain said 
data by polling the circuit simulator or alternatively via an 
interrupt mechanism that signals the thread whenever data is 
available from said circuit simulator. Said data reception 
routine 307 sends said received data to said data reception 
routine 305 that modifies said data in order to be acceptable 
to the hardware peripheral, if necessary, then transmits said 
data to said hardware peripheral either via the operating 
system API 202 or directly to the hardware drivers. 
0036). In this embodiment, the SoftBridge program 200 
has a stop routine 308 that takes input from the user in order 
to stop all executing threads of the program. 
0037 Various modifications and adaptations of the opera 
tions described here would be apparent to those skilled in the 
art based on the above disclosure. Many variations and 
modifications within the scope of the present SoftBridge 
program 200 are therefore possible. The present SoftBridge 
program 200 is set forth by the following claims. 

I claim: 
1) A method for connecting a simulation of an electronic 

device to a hardware peripheral device attached to a com 
puter, said hardware peripheral device operating at a higher 
speed than said simulation, the method comprising: 

a) receiving data from said hardware peripheral using 
standard Software running on said computer; 

b) transmitting said data received from said hardware 
peripheral to said simulation through a software inter 
face; 

c) receiving data from said simulation through a software 
interface; and 

d) transmitting said received data from said simulation to 
said hardware peripheral using standard Software run 
ning on said computer. 

2) The method of claim 1) further comprising storing said 
received data from said hardware peripheral device in a first 
buffer in memory. 

3) The method of claim 1) further comprising storing said 
received data from said simulation in a second buffer in 
memory. 

4) The method of claim 2), further comprising changing 
the size of said first buffer at run time. 

5) The method of claim 3), further comprising changing 
the size of said second buffer at run time. 

6) The method of claim 1), further comprising keeping a 
record of said data received from said hardware peripheral, 
said data transmitted to said simulation, said data received 
from said simulation, and said data transmitted to said 
hardware peripheral. 

7) The method of claim 1), further comprising recording 
the throughput of said data. 
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8) The method of claim 1) further comprising modifying 
said received data from said hardware peripheral to make 
said data Suitable for transmission to said simulation. 

9) The method of claim 1) further comprising modifying 
said received data from said simulation to make said data 
Suitable for transmission to said hardware peripheral. 

10) The method of claim 1), wherein said receiving data 
from said hardware peripheral is executed in a first thread, 
said transmitting said data received from said hardware 
peripheral is executed in a second thread, said receiving data 
from said simulation is executed in a third thread, and said 
transmitting said data received from said simulation is 
executed in a fourth thread. 

11) The method of claim 1), wherein said receiving data 
from said hardware peripheral is executed in a first thread, 
said transmitting said data received from said hardware 
peripheral is executed in a second thread, said receiving data 
from said simulation and said transmitting said data received 
from said simulation are executed in a third thread. 

12) The method of claim 1), wherein said receiving data 
from said hardware peripheral and said transmitting the data 
received from said hardware peripheral are executed in a 
first thread and said receiving data from said simulation and 
said transmitting the data received from said simulation are 
executed in a second thread. 

13) A method for connecting a simulation of an electronic 
device to a hardware peripheral device attached to a com 
puter, said hardware peripheral device running at a higher 
speed than said simulation, the method comprising: 

a) receiving data from said hardware peripheral using 
standard Software running on said computer; 

b) storing said data received from said hardware periph 
eral in a first buffer; 

c) retrieving said data stored in said first buffer; 
d) modifying said retrieved data to make said data Suitable 

for transmission to said simulation; 

e) transmitting said data received from said hardware 
peripheral to said simulation through a software inter 
face; 

f) receiving data from said simulation through a software 
interface; 

g) Storing said data received from said simulation in a 
second buffer; 

h) retrieving said data stored in said second buffer; 
i) modifying said retrieved data to make said data Suitable 

for transmission to said hardware peripheral; and 
j) transmitting said received data from said simulation to 

said hardware peripheral using standard Software run 
ning on said computer. 

14) An apparatus for connecting a simulation of an 
electronic device to a hardware peripheral device attached to 
a computer, said hardware peripheral device running at a 
higher speed than said simulation, the apparatus comprising: 

a) a computer having a memory; 

b) computer instructions executable by the computer for: 

i) receiving data from said hardware peripheral; 
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ii) transmitting said data received from said hardware 
peripheral to said electronic circuit simulation; 

iii) receiving data from said electronic circuit simula 
tion; and 

iv) transmitting said data received from said electronic 
circuit simulation to said hardware peripheral. 

15) The apparatus of claim 14) further comprising: 
a) a buffer in said memory; and 
b) computer instructions executable by the computer for 

storing data received from said hardware peripheral in 
said buffer. 

16) The apparatus of claim 15), further comprising com 
puter instructions executable by the computer for changing 
the size of said first buffer at run time. 

17) The apparatus of claim 14) further comprising: 
a) a buffer in said memory; and 
b) computer instructions executable by the computer for 

storing data received from said electronic circuit simu 
lation in said buffer. 

18) The apparatus of claim 17), further comprising com 
puter instructions executable by the computer for changing 
the size of said second buffer at run time. 

19) The apparatus of claim 14) further comprising com 
puter instructions executable by the computer for modifying 
said received data from said simulation to make said data 
Suitable for transmission to said hardware peripheral. 

20) The apparatus of claim 14) further comprising com 
puter instructions executable by the computer for modifying 
said received data from said hardware peripheral to make 
said data suitable for transmission to said simulation. 

21) The apparatus of claim 14) further comprising com 
puter instructions executable by the computer for keeping a 
record of said data received from said hardware peripheral, 
said data transmitted to said simulation, said data received 
from said simulation, and said data transmitted to said 
hardware peripheral. 

22) The apparatus of claim 14) further comprising com 
puter instructions executable by the computer for recording 
the throughput of said data. 

23) An apparatus for connecting a simulation of an 
electronic device to a hardware peripheral device attached to 
a computer, said hardware peripheral device running at a 
higher speed than said simulation, the apparatus comprising: 

a) a computer having a memory; 

b) computer instructions executable by the computer for: 
i) receiving data from said hardware peripheral using 

Software running on said computer; 
ii) storing said data received from said hardware 

peripheral in a first buffer in memory; 
iii) retrieving said data stored in said first buffer; 
iv) modifying said retrieved data to make said data 

Suitable for transmission to said simulation; 

V) transmitting said data received from said hardware 
peripheral to said simulation through a software 
interface; 

vi) receiving data from said simulation through a 
software interface; 
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vii) storing said data received from said simulation in 
a second buffer in memory; 

viii) retrieving said data stored in said second buffer; 
iX) modifying said retrieved data to make said data 

Suitable for transmission to said hardware peripheral; 
and 

X) transmitting said received data from said simulation 
to said hardware peripheral using Software running 
on said computer. 

24) A computer readable medium having computer 
instructions for connecting a simulation of an electronic 
device to a hardware peripheral device attached to a com 
puter, said hardware peripheral device running at a higher 
speed than said simulation, to perform in a computer: 

a) receiving data from said hardware peripheral; 
b) transmitting said data received from said hardware 

peripheral to said electronic circuit simulation; 
c) receiving data from said electronic circuit simulation; 

and 

d) transmitting said data received from said electronic 
circuit simulation to said hardware peripheral. 

25) The computer readable medium of claim 24) further 
comprising computer instructions for storing data received 
from said hardware peripheral in a first buffer. 

26) The computer readable medium of claim 25) further 
comprising computer instructions for changing the size of 
said first buffer at run time. 

27) The computer readable medium of claim 24) further 
comprising computer instructions for storing data received 
from said electronic circuit simulation in a second buffer. 

28) The computer readable medium of claim 27) further 
comprising computer instructions for changing the size of 
said second buffer at run time. 

29) The computer readable medium of claim 24) further 
comprising computer instructions for modifying said 
received data from said simulation to make said data suitable 
for transmission to said hardware peripheral. 

30) The computer readable medium of claim 24) further 
comprising computer instructions for modifying said 
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received data from said hardware peripheral to make said 
data Suitable for transmission to said simulation. 

31) The computer readable medium of claim 24) further 
comprising computer instructions for keeping a record of 
said data received from said hardware peripheral, said data 
transmitted to said simulation, said data received from said 
simulation, and said data transmitted to said hardware 
peripheral. 

32) The computer readable medium of claim 24) further 
comprising computer instructions for recording the through 
put of said data. 

33) A computer readable medium having computer 
instructions for connecting a simulation of an electronic 
device to a hardware peripheral device attached to a com 
puter, said hardware peripheral device running at a higher 
speed than said simulation, to perform in a computer: 

a) receiving data from said hardware peripheral using 
standard Software running on said computer; 

b) storing said data received from said hardware periph 
eral in a first buffer in memory; 

c) retrieving said data stored in said first buffer; 
d) modifying said retrieved data to make said data Suitable 

for transmission to said simulation; 
e) transmitting said data received from said hardware 

peripheral to said simulation through a software inter 
face; 

f) receiving data from said simulation through a software 
interface; 

g) Storing said data received from said simulation in a 
second buffer in memory; 

h) retrieving said data stored in said second buffer; 
i) modifying said retrieved data to make said data Suitable 

for transmission to said hardware peripheral; and 
j) transmitting said received data from said simulation to 

said hardware peripheral using standard Software run 
ning on said computer. 
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