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N separate identical finite state machines service N
corresponding channels. In one embodiment, each chan-
nel operating at a clock frequency F is serviced by the
same combinatorial logic block which runs at an N*F
clock frequency. The channel inputs are delivered to the
shared combinatorial logic block via an N-to—-1 multi-
plexor. N separate output registers continuously provide
output to the N separate channels. Each output regis-
ter is loaded every Nth clock cycle. The sharing of the
internal combinatorial logic is transparent to the devices
connected to the integrated circuit. Although the combi-
natorial logic is shared amongst multiple machines, the
state variables for each machine must be stored in a mem-
ory unit. In an embodiment of the memory unit, N sep-
arate state variable registers are loaded using the same
load enable control signals as are used for the N out-
put registers. The current state for the appropriate chan-
nel is selected by means of an N-to—1 multiplexor. An
N-element shift register sequentially provides the appro-
priate channel’s state variables to the shared combinato-
rial logic block. In the preferred embodiment of the mem-
ory unit, a dual-ported Random Access Memory (RAM)
is used to efficiently aggregate the N channels’ state vari-
ables. One port is dedicated to writing the next state while
another port is dedicated to reading the current state. A
read/write pointer is implemented as a counter which se-
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quential counts from 0 to N-1 such that the dual-ported RAM behaves identically to a shift register. In another embodiment, the shared
combinatorial logic is pipelined into as many as N separate combinatorial logic sub-blocks. In the pipelined embodiment, the latency from
each channel’s inputs to its outputs is increased by the number of pipeline flip—flops. The memory device for the state variables is reduced
in size such that the total delay around the feedback loop equals the number of channels N.
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MULTIPLE PARALLEL IDENTICAL
FINITE STATE MACHINES WHICH
SHARE COMBINATORIAL LOGIC

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION
The present invention relates to the field of digital systems; and specifically to finite state
machines. The present invention relates to integrated circuits which implement multiple
finite state machines on the same die.
2. DISCUSSION OF THE RELATED ART

Historically, the level of transistor integration has steadily increased. With an
increased circuit capacity on individual dies, integrated circuits are being defined with
multiple identical functions directed towards independent interfaces. For example, in recent
network integrated circuit developments, multiple transceiver channels are being integrated
within a single integrated circuit device.

Simultaneously with the increases in the level of transistor integration, circuit
performance for the devices which compose the digital circuits has increased. Digital logic
systems can be characterized as consisting of storage elements and logic elements.
Examples of storage elements are flip/flops and read/write memory cells, while an examples
of a logic elements are logic gates and adders. Storage elements are characterized as
being able to record digital information for future use and to deliver the recorded information
when it is needed. A storage element holding N-bits of information assumes one of 2"
specific states when it records a specific N-bit value. Logic elements produce digital outputs
by processing and manipulating information either retrieved from storage elements or
obtained from other sources. Digital systems are characterized by interconnections of
combinatorial logic elements and storage elements. Classical finite state machines are one
such manifestation of digital systems which are characterized by registered storage
elements connected to areas of combinatorial logic. A registered storage element is an
array of storage elements controlled by a common clock. Examples of registered storage
elements include a flip-flop and a shift register.

A finite state machine generally accepts digital signal inputs and produces digital
signal outputs as a function of the inputs and the current values of the state variables. State
variables are the digital information stored in specific storage elements which define the
current state of a finite state machine. The next state of a finite state machine is determined
as a function of the current state and the inputs. The production of the outputs and the
determination of the next state is performed by combinatorial logic. A common practice in
digital systems is triggering the overwriting the current state with the next state by a
repetitive event. Thus, state variable transitions occur at the rising edge of a clock, for

example.
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Finite state machines require both storage elements and logic to process the data.
Figure 1 illustrates the classical model of a finite state machine 100. in the finite state
machine 100, there are two types of storage elements, internal registers 101 and output
registers 102. The internal registers 101 store the current value of the state variables. The
output registers 102 latch the output values of the finite state machine 100. Both the
internal register 101 and the output register 103 have a clock (CLK) input 103, and therefore
are updated once per clock cycle. The finite state machine is therefore a sequential circuit
having feedback through the internal register 101. The combinatorial logic block 104
computes the next state 105 and the next output values 106 as a function of the current
state and the current inputs. The current output values 109 are output by the output register
102.

Multiple independent identical parallel digital finite state machines can be integrated
onto a single device. [n conventional implementations of multiple parallel finite state
machines, all elements of the finite state machine are replicated so that several complete
independent circuits exist on the same die. For integrated applications requiring multiple
identical finite state machines, the state machine 100 is replicated several times, as
illustrated in Figure 2. This occurs, for example, when a single chip 200 serves as a
transceiver for four independent communication channels. Four finite state machines 201-
204 independently serve the four channels. Thus, all hardware components are replicated
once for each independent state machine 201-204. The only connection between the
independent state machines 201-204 are that they reside on the same integrated circuit die
200. Each finite state machine 201-204 is logically identical to the finite state machine 100
illustrated in Figure 1; therefore, each finite state machine 201-204 contains its own
combinatorial logic 104, internal registers 101, and output registers 102.

Because all of the multiple parallel finite state machines are identical, it would be
desirable to avoid any unnecessary functional redundancy and to share as much hardware
as is possible.

SUMMARY OF THE INVENTION

Conventional integrated circuits which contain multiple identical parallel finite state
machines on the same die entirely replicate the layout of each machine so that each
machine has its own dedicated components which are logically and physically separated
from the other finite state machines. Itis desirable to take advantage of the similarity of the
identical finite state machines so as to share as much hardware as is possible amongst the
multiple parallel finite state machines. An object of the present invention is to use the same
combinatorial logic block to service multiple identical finite state machines. Another object
of the present invention is to aggregate the state variable storage for the multiple finite state
machines in a centralized memory unit.

According to an embodiment of the present invention, N separate finite state
machines service N corresponding channels. Each channel operating at a clock frequency

PCT/US97/11634
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F is serviced by the same combinatorial logic block which runs at an N*F clock frequency.
Thus, if four finite state machines each run at 10 MHZ, the combinatorial logic is clocked at
40 MHZ and services each respective channel during every fourth clock cycle. The channel
inputs are delivered to the combinatorial logic via an N-to-1 multiplexor. N separate output
registers continuously provide output to the N separate channels. Each output register is
loaded every Nth clock cycle. The sharing of the internal combinatorial logic according to
the present invention is transparent to the devices connected to the integrated circuit, since
the circuit according to the present invention implements N independent virtual machines
which behave identically to N separate physical finite state machines.

Although the combinatorial logic is shared amongst multiple machines according
to the present invention, the state variables for each machine must be stored in a memory
unit. In an embodiment of the memory unit, N separate state variable registers are loaded
using the same load enable control signals as are used for the N output registers. Similarly
to the input multiplexing, the current state for the appropriate channel is selected by means
of an N-to-1 multiplexor.

In another embodiment of the memory unit, an N-element shift register sequentially
provides the appropriate channel's state variables to the shared combinatorial logic block.
This embodiment has the simplest control, although it is not optimal in terms of power
consumption, because all the state variables move every clock cycle rather than only every
Nth clock cycle.

In the preferred embodiment of the present invention, a dual-ported Random
Access Memory (RAM) is used to efficiently aggregate the N channels’ state variables. One
port is dedicated to writing the next state while another port is dedicated to reading the
current state. A read/write pointer is implemented as a counter which sequential count from
0 to N-1 such that the dual-ported RAM behaves identically to a shift register. In this
preferred embodiment, the decoded counter value is also available to produce the control
signals for the input multiplexor and the output register load enable signals.

According to another embodiment of the present invention, the shared
combinatorial logic is pipelined into as many as N separate combinatorial logic sub-blocks.
In the pipelined embodiment, the latency from each channel's inputs to its outputs is
increased by the number of pipeline flip-flops. The memory device for the state variables
is reduced in size such that the total delay around the feedback loop equals the number of
channels N. Thus, in a sixteen channel system, with four pipeline flip-flops, for example,
the memory device must behave like a twelve-deep shift register.

These and other features and advantages of the present invention will be apparent
from the Detailed Description of the Invention as illustrated in the Drawings.

PCT/US97/11634
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a single conventional classic finite state machine.

Figure 2 illustrates a conventional implementation of four independent parallel
identical finite state machines on the same integrated circuit in which all elements of each
finite state machine are completely replicated four times..

Figure 3 illustrates an embodiment of the present invention in which four
independent parallel identical finite state machines are implemented on the same integrated
circuit yet share the same combinatorial logic block.

Figure 4 illustrates an embodiment of the state variable registers which is suitable
for use in the four-state-machine implementation of the present invention illustrated in
Figure 3.

Figure 5 illustrates another embodiment of the state variable registers which is
suitable for use in the four-state-machine implementation of the present invention illustrated
in Figure 3.

Figure 6 illustrates the preferred embodiment of the state variable registers which
is suitable for use in the four-state-machine implementation of the present invention
illustrated in Figure 3.

Figure 7 illustrates an alternative embodiment of the present invention in the shared
combinatorial logic is pipelined so that the input to output latency of each channel is greater
than one clock cycle.

The Figures of more fully explained in the Detailed Description of the Invention, in
which like parts are designated by like numerals.

DETAILED DESCRIPTION OF THE INVENTION

Conventional implementations of multiple identical parallel finite state
machines fabricated on the same integrated circuit die replicate all elements of the
state machines. Because the state machines are identical, it would be desirable to
share as much hardware as possible. The hardware elements in a classical finite
state machine are: the state variable registers, the output registers, and the
combinatorial logic. Because each state machine has its own state variables and
output values, the state variable registers and output registers cannot be shared.
However, because the combinatorial logic is the exact same function relating next
state and outputs to current state and inputs, the combinatorial logic can be shared
provided that the inputs of the combinatorial logic can be connected to the
appropriate state variable outputs and state machine inputs while the outputs of the
combinatorial logic can be connected to the appropriate state variable inputs and

state machine outputs at the appropriate time.
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According to the present invention, multiple independent parallel state
machines share a common core of digital combinatorial logic. According to another
aspect of the present invention, the independent storage elements can be
consolidated in a memory array which can be addressed and accessed on a channel
by channel basis.

Figure 3 illustrates an embodiment of the present invention. According to
the present invention, a single combinatorial unit 301 is shared amongst multiple
channels. Channels one through four each have independent inputs (CH1IN-
CH4IN) and outputs (CHIOUT-CH40UT). The integrated circuit chip 300
according to the present invention implements four independent virtual state
machines which behave identically to four independent physical state machines.
The internal state variables for the four independent state machines are collected
and centralized in a single memory unit 302. The channel input signals (CH1IN-
CH4IN) are funneled through a multiplexor 303. An input select signal IN
SELECT 305 specifies which channel input signal (CH1IN-CH4IN) passes through
the multiplexor 303 to the multiplexor output 304 and into the combinatorial logic
301 inputs. The current state for the appropriate channel 313 is output from the
memory unit 302. Each of the output registers 306-309 corresponds to a separate
channel. When the combinatorial logic 301 computes the next output values 310
for a specific channel, the corresponding one of the four output registers 306-309
is loaded as specified by the output select signal OUT SELECT 311. When the
next state variables 312 are computed by the combinatorial logic 301, they are
stored in the memory unit 302, whose control will be described below in
conjunction with its preferred and alternative embodiments.

According to an aspect of the present invention, separate registered state
variables are required for each channel. The preferred embodiment and three
alternative embodiments for this aspect will be described below.

Figure 4 illustrates one embodiment of the memory unit 302. In this
embodiment, the memory unit 302 is implemented as four separate state variable
registers 401-404. A channel select signal CHANNEL SELECT 405 directs a
multiplexor 406 to output the current state from the appropriate state variable
register 401-404. The next state 312 is loaded into the selected register at the rising
clock CLK 407 edge, for example. The channel select signal 405 enables loading

for the selected channel.
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Figure 5 illustrates another embodiment of the memory unit 302. In this
alternative embodiment, the memory unit 302 is implemented as a four-element
shift register consisting of D-type flip-flops 501-504 which shift state variable
information forward each clock CLK 505 cycle. During one clock cycle, flip-flop
504 would hold state variable information for channel 1 while channel 2 state
variable information is in flip-flop 503, channel 3 state variable information is in
flip-flop 502, and channel 4 state variable information is in flip-flop 501. After the
rising edge of the clock, flip-flop 504 would hold state variable information for
channel 2, while channel 3 state variable information is in flip-flop 504, channel 4
state variable information is in flip-flop 502, and channel 1 state variable
information is in flip-flop 501. The state variable information circulates around the
shift register with each channel's state variable information occupying one of the
flip-flops 501-504 at all times.

Figure 6 illustrates the preferred embodiment of the memory unit 302
according to the present invention. The next state 312 is input into a random access
memory (RAM) array 607 write port. The clock CLK 603 drives a two-bit counter
604. The encoded two-bit output 605 of the counter 604 is decoded by the read
address decoder 606 which produces the read word lines for the RAM array 607.
The next state input 312 drives the write amplifiers (not shown) connected to the
write port bit lines (not shown) of the RAM array 607. The read port bit lines of the
RAM array 607 are interpreted by the sense amplifiers (not shown) which drive
inputs 609 of the output flip-flop 602. The output flip-flop 602 changes its state at
the rising edge of the clock 603. Because the data 609 read from the RAM array
607 is delayed by one clock cycle by the flip-flop 602, the read port reads one
location ahead of the writing through the write port 312. A flip flop 610 delays the
counter output 605 so that the decoded write address 613 is one location behind the
decoded read address 614. Thus, during any given clock cycle, reading and writing
are not being performed on the same memory location.

Referring back to Figure 3, the output select signal 311 is preferably an
decoded set of load enable signals for the output registers 306-309. The control
inputs 305 to the input multiplexor 303 are either encoded or decoded. If they are
decoded, then they are logically equivalent to the output select signal 311. In this
case, referring back to Figure 6, a decoder 615 produces the decoded control signals
IN SELECT 305 and OUT SELECT 311 from the encoded counter output 612

6
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output from the delay element 610. The decoder 615 is logically equivalent to the
write address decoder 606 dedicated to the RAM array 607. Because the read
access time from a RAM is typically greater than the write time, the flip-flop 602
is placed at the output. However, there is no requirement according to the present
invention that flip-flop 602 be on the output. For example, the flip-flop 602 could
alternatively buffer the input 312 of the write port of the RAM 607.

Figure 7 illustrates a pipelined embodiment of the present invention.
According to the embodiment illustrated in Figure 1, the combinatorial logic is
separated into four separate logic networks 701-704. Three intermediate flip-flops
705-707 are used to separate four combinatorial logic modules 701-704. The state
variable register 708 includes only one flip-flop 709 in this instance, because the
total delay around the feedback loop must equal the number of channels. Because
there are three flip-flops 705-707 in the combinatorial logic path and only four
channels, only one flip-flop 709 is needed to store the state variables.

In this pipelined embodiment of the present invention, the latency from
inputs CH1IN-CH4IN to outputs CHIOUT-CH40UT is four clock cycles rather
than only one. Because each combinatorial logic module 701-704 operates on a
different channel, the OUT SELECT control signal is no longer logically equivalent
to the IN SELECT control signal, but rather is delayed by the number of
intermediate flip-flops P. There is no requirement that the number of bits within
each intermediate signal 710-712 is equal.

In this pipelined embodiment, the RAM (Figure 6) or shift register (Figure
5) embodiments of the memory unit are greatly preferred over the separate
register/multiplexor embodiment (Figure 4). This preference is based upon the fact
that if the separate register/multiplexor embodiment is used, all sixteen (N) registers
must be physically implemented rather than only twelve (N - # of pipeline stages
P). The separate register/multiplexor embodiment involves simpler control in that
the same control signal controls the input multiplexor and the state variable
multiplexor, however it includes additional unnecessary registers. In the pipelined
embodiment, there are fewer state variable registers than channels, therefore the
address of the RAM in the embodiment of Figure 6 and the addressing of the input
multiplexor 303 are different. Specifically, if the number of pipeline flip-flops is
P while the number of channels is N, the counter 604 addressing the RAM array

repetitively counts from 0 to N-P-1. In contrast, a separate input/output counter

7
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exists for the addressing of the input multiplexor and the output load enables. The

input/output counter counts from 0 to N-1. The load enable signals are delayed by
P clock cycles from the input multiplexor select signals.

Although it is possible to use only N minus P RAM memory locations, for
the sake of debugging simplicity, it is sometimes preferable to implement all N
locations within the memory array 607 so that the same memory location will
always correspond to the same channel. In this case, the amount of delay
introduced by the delay element 610 in Figure 6 is greater than one clock cycle;
delay element 610 delays the counter 604 output 605 by P+1 clock cycles. In this
case, instead of using flip-flops 610, it may be more economical to use a subtractor
610 to subtract P+1 from the counter 604 output 605.

According to the present invention, the number of pipeline stages can vary
from zero (Figure 3) to one less than the number of channels (Figure 7). The
number of storage locations required in the preferred embodiments of the memory
unit storing the state variables equals the number of channels minus the number of
pipeline stages. The flip-flops 705-707 can alternatively be implemented as latches
operating off alternate phases of the clock. Such that one half clock cycle delay is
incurred at each latch. It is to be understood that various alternative pipelining,
memory addressing, and latching strategies can be employed to implement and
control the shared combinational logic according to the present invention. For the
sake of brevity, only the best modes of this state variable storage are described.
Those skilled in the art will be enabled by this disclosure to construct various state
variable first-in-first-out buffers using these and a variety of other designs.

Products developed using the present invention include four 10/100 Megabit
Ethernet transceiver channels integrated within a single integrated circuit device.
Future products include the integration of twenty-four identical Media Access
Control functions within a single integrated circuit.

While the present invention has been described in conjunction with its
preferred and alternative embodiments, these embodiments are offered by way of
illustration rather than by way of limitation. Those skilled in the art will be enabled
by this disclosure to make various modifications and alterations to the embodiments
described without departing from the spirit and scope of the present invention.
Accordingly, these modifications and alterations are deemed to lie within the spiﬁt

and scope of the present invention as specified by the appended claims.
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WHAT IS CLAIMED IS:
1. An integrated circuit device for servicing N channels, comprising:

a combinatorial logic block having a current state input, a channel input, a
next state output, and a channel output;

an input multiplexor having N inputs and an output, wherein each of the N
inputs is coupled to a corresponding one of the N channels, and wherein the output
is coupled to the combinatorial logic block channel input;

a memory unit having a next state input and a current state output, and
having N state variable storage locations corresponding to the N channels, wherein
the next state input is coupled to the combinatorial logic block next state output,
and wherein the current state output is coupled to the combinatorial logic block
current state input; and

N output registers, each register having an input and an output, wherein each
of the inputs is coupled to the combinatorial logic block channel output, and

wherein each of the outputs is coupled to a corresponding one of the N channels.

2. An integrated circuit device as in claim 1,

wherein the memory unit comprises:

N state variable registers each having an input and an output, wherein the
input is coupled to the next state input; and

a state variable multiplexor having N inputs and an output, wherein each of
the N inputs is coupled to a corresponding one of the N state variable register

outputs, wherein the output is coupled to the current state output.

3. An integrated circuit device as in claim 1,
wherein the memory unit comprises:
an N-element shift register having an input coupled to the next state input

and having an output coupled to the current state output.

4. An integrated circuit device as in claim 1,
wherein the memory unit comprises:
a random access memory having N locations, each location corresponding

to one of the N channels.
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5. An integrated circuit device as in claim 4, further comprising:
a counter having a channel select output coupled to an address input of the

random access memory.

6. An integrated circuit device as in claim 4,
wherein the random access memory has a read port and a write port, the read
port being coupled to the current state output and the write port being coupled to

the next state input.

7. An integrated circuit device as in claim 3,
wherein the counter channel select output is coupled to a control input of the

input multiplexor and is coupled to load enable inputs of the N output registers.

8. An integrated circuit device for servicing N channels, comprising:

a pipelined combinatorial logic block having a current state input, a channel
input, a next state output, and a channel output, wherein the pipelined combinatorial
logic block has P intermediate pipeline register elements, such that P is less than N;

an input multiplexor having N inputs and an output, wherein each of the N
inputs is coupled to a corresponding one of the N channels, and wherein the output
is coupled to the combinatorial logic block channel input;

a memory unit having a next state input and a current state output, and
having N minus P state variable storage locations corresponding to the N channels,
wherein the next state input is coupled to the combinatorial logic block next state
output, and wherein the current state output is coupled to the combinatorial logic
block current state input; and

N output registers, each register having an input and an output, wherein each
of the inputs is coupled to the combinatorial logic block channel output, and

wherein each of the outputs is coupled to a corresponding one of the N channels.

9. An integrated circuit device as in claim 8,

wherein the memory unit comprises:

an N minus P element shift register having an input coupled to the next state
input and having an output coupled to the current state output.10. An integrated

circuit device as in claim 8,

10
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wherein the memory unit comprises:

a random access memory.

11.  Anintegrated circuit device as in claim 10, further comprising:
a channel counter having a channel select output coupled to a select input

of the input multiplexor.

12. An integrated circuit device as in claim 11, wherein a load enable signal
coupled to the N output registers is the channel select output delayed by P clock

cycles.

13.  An integrated circuit device as in claim 11, wherein the random access
memory has N minus P locations, further comprising:

a RAM address counter having a RAM address output coupled to the
random access memory, wherein the RAM address counter sequentially assumes
N minus P states, each state corresponding to a unique one of the N minus P

locations.

14.  Anintegrated circuit device as in claim 10,
wherein the random access memory has a read port and a write port, the read
port being coupled to the current state output and the write port being coupled to

the next state input.

15.  Anintegrated circuit device for servicing N channels, comprising:

a combinatorial logic block having a current state input, a next state output,
and a channel output;

a memory unit having a next state input and a current state output, and
having N state variable storage locations corresponding to the N channels, wherein
the next state input is coupled to the combinatorial logic block next state output,
and wherein the current state output is coupled to the combinatorial logic block
current state input; and

N output registers, each register having an input and an output, wherein each
of the inputs is coupled to the combinatorial logic block channel output, and

wherein each of the outputs is coupled to a corresponding one of the N channels.

11
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16.  An integrated circuit device as in claim 15,

wherein the memory unit comprises:

N state variable registers each having an input and an output, wherein the
input is coupled to the next state input; and

a state variable multiplexor having N inputs and an output, wherein each of
the N inputs is coupled to a corresponding one of the N state variable register

outputs, wherein the output is coupled to the current state output.

17.  Anintegrated circuit device as in claim 15,
wherein the memory unit comprises:
an N-element shift register having an input coupled to the next state input

and having an output coupled to the current state output.

18. An integrated circuit device as in claim 15,
wherein the memory unit comprises:
a random access memory having N locations, each location corresponding

to one of the N channels.

19.  An integrated circuit device as in claim 18, further comprising:
a counter having a channel select output coupled to an address input of the

random access memory.

20.  Anintegrated circuit device as in claim 18,
wherein the random access memory has a read port and a write port, the read
port being coupled to the current state output and the write port being coupled to

the next state input.
21.  Anintegrated circuit device as in claim 19,

wherein the counter channel select output is coupled to load enable inputs

of the N output registers.

12

PCT/US97/11634



WO 98/26348 ) PCT/US97/11634

1/7
INPUTS
R :
i |
! L~ 108 !
| I
| i
| |
l |
| COMBINATIONAL |
i LOGIC :
I I
= |
|
| 04 |
| :
5 07 105 |
|
i - 106 i
! INTERNAL i
I REGS !
| i 02
: 104/ A |
|
| OUTPUT |
i REGS | 100
|
103 i
CLK>———L ™ !
I A 109 ]
OUTPUTS
FIG. 1

(PRIOR AAT)



PCT/US97/11634

WO 98/26348

2/7

Sindino
¥ TINNVHI

.v
ANIHOVI
J1ViS

(14Y HOIHG)
c ‘914

SiNd1ino
¢ TINNVHO

e, e, —_— e e —— e ]

S1NdNI
¥ TINNVHO

¢
ANIHOVN
JLVIS

Sindino
¢ T3INNVHO

S1NdNI
¢ TTANNVHO

[4

ANIHOVA
J1VIS

S1NdNI
¢ TINNVHO

S1ndino
| TANNVHO

|
ANIHOVA
EER AR

S1NdNI
|l T3INNVHO



WO 98/26348

3/7

PCT/US97/11634

Cn CH2 cs ce
N IN
[T l l \
STATE MUX /—L< IN
VARIABLES 277 SELECT
1 THRU 4 204
_~313
/’301
COMBINATIONAL
LOGIC
342
\ _~310 300
311
ouT >_1_ outpuT | | outPut | [ outrut | | ouTPUT
SELECT REG 1 REG 2 | | REG 3 | | REG 4
w6/ | 77| 3087 309~/
CH CH2 CH3 CH4
ouT ouT ouT GUT

FIG. 3



WO 98/26348 ) PCT/US97/11634

4/7
NEXT
STATE
312 302
R =N Vot
s . s
§ - 401 F 402 403 f«ME
| [ STATE STATE STATE | [sTATE | |
CU<>‘“j*f‘>VARs 1 [PVARS 2 [ PVARS 3[PVARS 4|
407- | l
| |
| |
| |
| |
| |
CHANNEL : A N AN I
SELECT > | i
405- | l
| |
! |
| |
! I
| |
| |
l !
| |
| |
| |
| |
: :
| |
! \ |
Py S
| |
e e e e e e e e ——— 1
313
CURRENT
STATE

FIG. 4



WO 98/26348 ‘ PCT/US97/11634

b/7
NEXT
CLK STATE
N
L~ 505 312 302

D D FLIP-FLOP

Y 501

D D FLIP-FLOP

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\ |
I
bo? !
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

D D FLIP-FLOP

\- 503

p D FLIP-FLOP

313

CURRENT
STATE

FIG. 5



WO 98/26348 A PCT/US97/11634

6/7

e e W2~ .

! 602~ |

| |

I |

| |
NEXT | RAM 609 | CURRENT
o STATE___{ | WRITE ARRAY READ | [ | STATE
9419/ i DATA DATA i \ 343

|

| |

| |

l WRITE READ !

| ADDRESS ADDRESS N

! \ 607 |

| 613 ~ 614 i

| WRITE READ |

| DECODER DECODER 606 |

i 7 :

AN g

IN SELECT | ApDRY | :

T |

0uT SELECT |DECJ ! 512/ i |

: 12 |

615 |

| l

i COUNT |

I I

| 604- |

| |

CLK> : |

A O — |



SELECT >—OUT REG 1}— OUT REG 2 [— OUT REG 3 OUT REG 4

WO 98/26348 ‘ PCT/US97/11634

7/7  CH1 CH2 CH3 CH4
iNCIN IN I

IN
MUX SELECT

COMB. LOGIC A

COMB LOGIC D

f :
I |
‘ |
| :
! |
| N7
! |
b |
i ZZN Y
! |
! |
| COMB. LOGIC B |
| N2
‘ |
b |
| ZINEERY T
! I
! |
i COMB LOGIC C |
! |
| N3 !
| |

|
P !
l |
| N

|
| :
l |
l |
' |
! |
I |
I |

CH1 CH2 CH3 CH4
oUT OUT ouT ouT

FIG. 7



INTERNATIONAL SEARCH REPORT

Interr.  nal Application No

PCT/US 97/11634

A: CLASSIFICATION OF SUBJECT MATTER

IPC 6

GO6F7/00 GO6F5/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6

GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X M. SCHAFFNER: "A COMPUTER MODELED AFTER 1-4,6,
AN AUTOMATON" 8-10,
COMPUTERS AND AUTOMATA , 14-18,20
vol. XXI, 13 - 15 April 1971, POLYTECHNIC
PRESS OF THE POLYTECHNIC INSTITUTE OF
BROOKLYN, NEW YORK, NY, USA,
pages 635-650, XP002041884
see page 642, paragraph 4 - page 643,
paragraph 3; figures 3,4
see page 645, paragraph 1 - last paragraph
A PATENT ABSTRACTS OF JAPAN 4-7,
vol. 012, no. 310 (E-648), 23 August 1988 10-14,
& JP 63 076610 A (FUJITSU LTD), 6 April 18-21
1988,
see abstract
- / -

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A° document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the internationalfiling date but
later than the priority date claimed

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive atep when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
dooument is combined with one or more other such docu-
merr‘m, such combination being obvious to a person skilled
in the art.

*&* document member of the same patent family

Date of the actual completion of the international search

26 September 1997

Date of mailing of the intemational search report

1410 97

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Verhoof, P

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Interr. 1al Application No

PCT/US 97/11634

C:{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X,P

EP 0 517 241 A (LSI LOGIC CORP) 9 December
1992

see figures 3,4

US 5 640 398 A (CARR LARRIE ET AL) 17
June 1997

see abstract; figure 1

see column 2, paragraph 2

3,8,9,17

1-21

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Inf . be. Interr. ral Application No )
ti tent |
nformation on patent family members PCT/US 97/11634
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0517241 A 09-12-92 JP 5197741 A 06-08-93

Form PCT/ISA/210 (patent family annex) (July 1992)



