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DECLARATION OF GORDON MACPHERSON 

I, Gordon MacPherson, am over twenty-one (21) years of age.  I have never been 

convicted of a felony, and I am fully competent to make this declaration.  I declare the following 

to be true to the best of my knowledge, information and belief: 

1. I am Director, Board Governance & Policy Development of The Institute of Electrical

and Electronics Engineers, Incorporated (“IEEE”).

2. IEEE is a neutral third party in this dispute.

3. I am not being compensated for this declaration and IEEE is only being reimbursed

for the cost of the article I am certifying.

4. Among my responsibilities as Director, Board Governance & Policy Development, I

act as a custodian of certain records for IEEE.

5. I make this declaration based on my personal knowledge and information contained

in the business records of IEEE.

6. As part of its ordinary course of business, IEEE publishes and makes available

technical articles and standards.  These publications are made available for public

download through the IEEE digital library, IEEE Xplore.

7. It is the regular practice of IEEE to publish articles and other writings including

article abstracts and make them available to the public through IEEE Xplore.  IEEE

maintains copies of publications in the ordinary course of its regularly conducted

activities.

8. The article below has been attached as Exhibit A to this declaration:

A. L. Kohn; N. Margulis; “Introducing the Intel i860 64-bit microprocessor”,

published in Published in: IEEE Micro (Volume: 9, Issue: 4, page(s) 15 -

30), date of publication August 1989.

9. I obtained a copy of Exhibit A through IEEE Xplore, where it is maintained in the

ordinary course of IEEE’s business.  Exhibit A is a true and correct copy of the

Exhibit, as it existed on or about May 11, 2023.

10. The article and abstract from IEEE Xplore show the date of publication.  IEEE

Xplore populates this information using the metadata associated with the publication.
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11. L. Kohn; N. Margulis; “Introducing the Intel i860 64-bit microprocessor”, published 

in Published in: IEEE Micro (Volume: 9, Issue: 4, page(s) 15 - 30), date of 

publication August 1989.  Copies of this publication was made available no later than 

the last day of the publication month.  The article is currently available for public 

download from the IEEE digital library, IEEE Xplore. 

12. I hereby declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true, and further 

that these statements were made with the knowledge that willful false statements and 

the like are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001. 

 

I declare under penalty of perjury that the foregoing statements are true and correct. 

 

 

 

Executed on: 
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Ml 

he single-chip i860 
executes parallel instructio 
architectural concepts. 

mm x 15 mm processor (see Fi 
floating-point, and graphics pe 
eration CAD tools and 1-micrometer semic 

To accommodate our per 
between blocks for integer operations, floating-point operations, and in- 
struction and data cache memories. Inclusion of the RISC (reduced instruc- 
tion set computing) core, floating-point units, and caches on one chip lets 
us design wider internal buses, eliminate interchip communication over- 
head, and offer higher performance. As a result, the i860 avoids off-chip 
delays and allows users to scale the clock beyond the current 33- and 40- 
MHz speeds. 

We designed the i860 for performance-driven applications such as work- 
stations, minicomputers, application accelerators for existing processors, 
and parallel supercomputers. The i860 CPU design began with the specifi- 
cation of a general-purpose RISC integer core. However, we felt it neces- 
sary to go beyond the traditional 32-bit, one-instruction-per-clock RISC 
processor. A 64-bit architecture provides the data and instruction band- 
width needed to support multiple operations in each clock cycle. The 
balanced performance between integer and floating-point computations 
produces the raw computing power required to support demanding applica- 
tions such as modeling and simulations. 

Finally, we recognized a synergistic opportunity to incorporate a 3D 
graphics unit that supports interactive visualization of results. The architec- 
ture of the i860 CPU provides a complete platform for software vendors 
developing i860 applications. 

T 

Architecture overview. The i860 CPU includes the following units on 

the RISC integer core, 
a memory management unit with paging, 
a floating-point control unit, 
a floating-point adder unit, 
a floating-point multiplier unit, 
a 3D graphics unit, 

one chip (see Figure 2): 

A million- 
transistor budget 
helps this RISC 
deliver balanced 
MIPS, Mflops, 
and graphics 
performance 
with no data 
bottlenecks. 

Les Kohn 
Neal Margulis 

Intel Corp. 
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Intel 860 

Figure 1. Die photograph of the i860 CPU. 

a 4-Kbyte instruction cache, 
an 8-Kbyte data cache, and 
a bus control unit. 

Parallel execution. To support the performance 
available from multiple functional units, the i860 CPU 
issues up to three operations each clock cycle. In single- 
instruction mode, the processor issues either a RISC 
core instruction or a floating-point instruction each 
cycle. This mode is useful when the instruction per- 
forms scalar operations such as operating system 
routines. 

In dual-instruction mode, the RISC core fetches two 
32-bit instructions each clock cycle using the 64-bit- 
wide instruction cache. One 32-bit instruction moves to 
the RISC core, and the other moves to the floating-point 
section for parallel execution. This mode allows the 
RISC core to keep the floating-point units fed by fetch- 
ing and storing information and performing loop con- 
trol, while the floating-point section operates on the 
data. 

The floating-point instructions include a set of op- 
erations that initiate both an add and a multiply. The 
add and multiply. combined with the integer operation. 
result in  three operations each clock cycle. With this 
fine-grained parallelism, the architecture can support 
traditional vector processing by software libraries that 
implement a vector instruction set. The inner loops of 
the software vector routines operate up to the peak 
floating-point hardware rate of 80 million floating- 
point operations per second. Consistent with RISC 
philosophy, the i860 CPU achieves the performance of 
hardware vector instructions without the complex 
control logic of hardware vector instructions. The fine- 
grained parallelism can also be used in other parallel 
algorithms that cannot be vectorized. 

Register and addressing model. The i860 micro- 
processor contains separate register files for the integer 
and floating-point units to support parallel execution. 
In addition to these register files, as can be seen in 
Figure 3 on page 18, are six control registers and four 
special-purpose registers. The RISC core contains the 
integer register file of thirty-two 32-bit registers, des- 
ignated RO through R3 1 and used for storing addresses 
or data. The floating-point control unit contains a sepa- 
rate set of thirty-two 32-bit floating-point registers 
designated FO through F31. These registers can be 
addressed individually, as sixteen 64-bit registers, or as 
eight 128-bit registers. The integer registers contain 
three ports. Five ports in the floating-point registers 
allow them to be used as a data staging area for perform- 
ing loads and stores in parallel with floating-point 
operations. 

The i860 operates on standard integer and floating- 
point data, as well as pixel data formats for graphics 
operations. All operations on the integer registers exe- 
cute on 32-bit data as signed or unsigned operations and 
additional add and subtract instructions that operate on 
64-bit-long words. All 64-bit operations occur in the 
floating-point registers. 

The i860 microprocessor supports a paged virtual 
address space of four gigabytes. Therefore, data and 
instructions can be stored anywhere in that space, and 
multibyte data values are addressed by specifying their 
lowest addressed byte. Data must be accessed on 
boundaries that are multiples of their size. For example, 
two-byte datamust be aligned to an address divisible by 
two, four-byte data on an address divisible by four, and 
so on, up to 16-byte data values. Data in memory can be 
stored in either little-endian or big-endian format. 
(Little-endian format sends the least significant byte, 
D7-DO, first to the lowest memory address, while big- 
endian sends the most significant byte first.) Code is 
always stored in little-endian format. Support for big- 
endian data allows the processor to operate on data 
produced by a big-endian processor, without perform- 
ing a lengthy data conversion. 
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