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(57) Abstract

Apparatus (60; 220; 600; 800; 1000) and method (70; 300; 500; 700; 900) are provided for converting, at high speed, without
queuing of data, and with absolute accuracy, parallel bytes of digital data having a given number of binary bits as employed by one class
of equipment to parallel bytes having a different (greater or smaller) number of bits as employed by another class of equipment. Such
conversion is necessary in order to make possible unimpeded communication between the two classes of equipment. Converting of bytes
is accomplished by momentarily storing as current data and as remainder data respective bits of successive incoming bytes clock count by
clock count (70; 300; 500; 700; 900); identifying within each count a desired number of bits stored as remainder data, or current data, or
both and grouping them into a set of bits to be outputted as an outgoing byte during a respective count; outputting such sets of bits clock
count by clock count as outgoing bytes such that the outgoing bytes each have a different number of bits versus the number of bits in each
incoming byte, and the outgoing bits have a desired numerical sequence; and periodically compensating (1/2 count; NOP, EOP) for the
total number of bits outputted versus the number inputted during a given period of time.
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APPARATUS AND METHOD FOR CONVERTING DIGITAL WORDS OR
BYTES OF A GIVEN NUMBER OF BITS TO BYTES OF A DIFFERENT
NUMBER OF BITS

Field of the Invention

This invention relates to apparatus and method for
converting, at high speed, without queuing of data, and
with high accuracy, bytes of digital data having a given
number of binary bits as employed by one class of
equipment to bytes having a different (greater or
smaller) number of bits as employed by another class of
equipment. Such conversion is necessary in order to make
possible unimpeded communication between the two classes
of equipment.

Background of the Invention

More than a decade ago the Ascom Timeplex Company
developed and introduced to a world-wide market high
speed data transmission equipment under the tradename
LINK/2. This equipment enabled a user, such as a bank,
insurance company, etc., having offices at different
locations (e.g., New York and London) to transmit
virtually instantly and in a highly cost effective way
volumes of data between locations. The LINK/2 equipment
has proven to be very efficient and highly cost
effective. As a result it has achieved great customer
acceptance and captured a large share of the market all
over the world. It is estimated that the value of the
existing installed base of LINK/2 equipment is now over a
billion dollars.

At the time the LINK/2 was being developed it was
decided to utilize a 9-bit byte in its operating
protocol. An extra, or 9th binary bit, was added to 8
"data" bits in each byte in order to signify whether the
byte represented a "function" or user data.

In recent years there have been important advances
in technology relating to data transmission, particularly
with regard to new semiconductor devices, increased speed
of the devices and of communication links, much higher

density of integrated circuits, better costs, and so
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forth. Ascom Timeplex, in order to take advantage of
this new technology developed and recently introduced to
the market a new class of equipment under the tradename
"Synchrony". Because of factors which did not exist
earlier when LINK/2 was developed, the new Synchrony
equipment is designed to operate with an 8 bit per byte
protocol.

A customer who buys the new Synchrony equipment may
already be using LINK/2 equipment. It is therefore
highly desirable for maximum utility of both systems that
they be able to transmit data back and forth to each
other in unimpeded fashion. But because the Synchrony
equipment operates with bytes of 8 bits in length versus
9-bit bytes for the LINK/2 equipment, effective, high
speed communication between the new and the old equipment
has posed a difficult problem.

In order to provide for unimpeded communications
between LINK/2 and Synchrony equipments, a module termed
a "link gateway module" (LGM) can be added to the
Synchrony equipment. The LGM in its various operations
(not otherwise discussed herein) processes data in the
form of 9-bit bytes as employed by LINK/2 and data in the
form of 8-bit bytes as employed by Synchrony. A critical
need of the LGM therefore is the ability to convert bytes
having a given number of bits into bytes having a
different number of bits. At various stages in its
operation the LGM needs to convert from 9-bit bytes to 8-
bit bytes, to convert from 8-bit bytes to 9-bit bytes,
and also to convert from 9-bit bytes to 7-bit bytes, to
convert from 7-bit bytes to 9-bit bytes and to convert
from 7-bit bytes to 8-bit bytes. Of course the various
conversions must be done with absolute accuracy virtually
instantaneously without queuing of data, and in a cost-
effective way.

The present invention provides a simple, cost
effective, and highly efficient solution to the problem
of converting data existing in the form of bytes of a
given bit’length to equivalent data in the form of bytes
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having a different bit length (either greater or
smaller).
Summary of the Invention

In accordance with the invention there are disclosed
apparatus and method for converting clock count by clock
count (also termed "clock to clock") incoming parallel
data bytes having a given number of bits into parallel
outgoing bytes having a different number of bits (greater
or smaller). The converter apparatus broadly comprises
first current data memory means; second remainder data
memory means; multiple-input, multiple-position switch
means; output means; counter means; and control means for
compensating periodically for the total number of bits
outputted versus the total number inputted during a given
time interval. The first and second memory means have
input bit positions which receive respective bits of
successive incoming bytes. The first and second memory
means also have respective output bit positions which are
coupled by predetermined paths to respective ones of the
inputs of the switch means. The switch means has
multiple bit outputs coupled to respective bit positions
of the output means. The switch means is controlled by
the counter means, and clock count by clock count couples
respective sets of bits then present in the first or
second memory means, or both, to the output means. The
control means is coupled to the output means and
periodically causes it to output an additional byte or to
pause in outputting a byte in order to equalize the total
number of bits being inputted to and outputted from the
converter during a given time interval.

Specific embodiments of the invention are disclosed
representing converters for converting: 9-bit bytes to 8-
bit bytes (9:8); 8-bit bytes to 9-bit bytes (8:9); 9-bit
bytes to 7-bit bytes (9:7); 7-bit bytes to 9-bit bytes
(7:9); and 7-bit bytes to B8-bit bytes (7:8). All of
these converters are employed in a "link gateway module™
(LGM 18 of FIG. 1) which provides for communication
between LINK/2 and Synchrony equipments.
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In accordance with one aspect of the invention there

is provided apparatus for converting clock count by clock

count incoming parallel bytes having a given number of
bits to parallel outgoing bytes having a different number
of bits. The apparatus comprises: first and second
memory means for momentarily storing in bit positions
clock count by clock count respective bits of successive
incoming bytes as current data and as remainder data, the
first and second memory means having respective output
bit positions; switch means, having a plurality of
outputs and having multiple inputs respective to each
output, for switching clock count by clock count selected
ones of the inputs to the plurality of outputs, the
multiple inputs being coupled to selected ones of bit
positions of the first and second memory means; output
means, having a plurality of input bit positions, for
outputting clock count by clock count bytes each having a
different number of bits from the number in each incoming
byte, the input bit positions of the output means being
coupled to respective ones of the plurality of outputs of
the switch means; counter means coupled to the switch
means for controlling clock count by clock count the
switching of inputs to outputs of the switch means; and
control means, having an input coupled to the counter
means and an output coupled to the output means, for
periodically equalizing the total number of bits
outputted as bytes by the output means within a given
interval of time with the total number of bits inputted
as bytes to the first and second memory means during the
given time, such that the incoming bytes are almost
instantly converted clock count by clock count to
outgoing bytes and the bits of the outgoing bytes are in
a desired numerical sequence.

In accordance with another aspect of the invention
there is provided a method of converting bytes,
comprising the steps of: momentarily storing clock count
by clock count as current data and as remainder data

respective bits of incoming bytes each having a given
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number of bits; selecting clock count by clock count
respective ones of bits stored as current data or as
remainder data, or both and grouping the bits selected
each count into a set having a different number of bits
from the number in each incoming byte; outputting clock
count by clock count the selected sets of bits as
outgoing bytes; and periodically compensating for the
number of bits outputted versus the number of bits
inputted during a given time interval.

A fuller understanding of the invention will best be
gained from the following detailed description given in
conjunction with the accompanying drawings.

Brief Description of the Drawings

FIG. 1 is a schematic block diagram of an overall
network of LINK/2 stations, operating with a 9-bit per
byte protocol, interconnected with "Synchrony" stations
operating with an 8-bit per byte protocol;

FIG. 2 is a schematic diagram showing how multiple
bytes of 9 bits each are arranged serially by a LINK/2
station into a "frame" for transmission to another LINK/2
station via a high speed data transmission path, such as
a "T-1" telephone data line;

FIG. 3 illustrates how individual bits of the bytes
of a frame may be thought of as consecutively numbered 1,
2, 3, etc., to "n", where "n" is the total number of bits
in all of the bytes of the frame;

FIG. 4 is a schematic diagram illustrating an
incoming data stream of successive bytes, each with 9
bits in parallel, being applied to a nine to eight (9:8)
converter, provided in accordance with the invention,
where the converter provides an outgoing data stream of
successive bytes, each with 8 bits in parallel;

FIG. 5 is a bit chart representing a sequence of
incoming 9-bit bytes being converted by the converter of
FIG. 4 into a sequence of outgoing 8-bit bytes;

FIG. 6 is a schematic circuit diagram of the
converter illustrated in FIG. 4;
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FIG. 7 is a schematic diagram illustrating an
incoming data stream of successive bytes, each with 8
bits in parallel, being applied to an eight to nine (8:9)
converter, also provided in accordance with the
invention, where the converter provides an outgoing data
stream of successive bytes, each with 9 bits in parallel;

FIG. 8 is a bit chart representing a sequence of
incoming 8-bit bytes being converted by the converter of
FIG. 7 into a sequence of outgoing 9-bit Bytes;

FIG. 9 is a schematic circuit diagram of the
converter illustrated in FIG. 7;

FIG. 10 is a bit chart representing a sequence of
incoming 9-bit bytes being converted by a nie to seven
(9:7) converter (shown in FIG. 11) into a sequence of
outgoing 7-bit bytes;

FIG. 11 is a schematic circuit diagram of a (9:7)
converter (as represented by the bit chart of FIG. 10)
also embodying features of the invention;

FIG. 12 is a bit chart representing a sequence of
incoming 7-bit bytes being converted by a seven to nine
(7:9) converter (shown in FIG. 13) into a sequence of
outgoing 9-bit bytes;

FIG. 13 is a schematic circuit diagram of a (7:9)
converter (as represented by the bit chart of FIG. 12)
also embodying features of the invention.

FIG. 14 is a bit chart representing a sequence of
incoming 7-bit bytes being converted by a seven to eight
(7:8) converter (shown in FIG. 14) into a sequence of
outgoing 8-bit bytes; and

FIG. 15 is a schematic circuit diagram of a (7:8)
converter (as represented by the bit chart of FIG. 14)
also embodying features of the invention.

Detailed Description

Referring now to FIG. 1, there is shown in block
diagram form an overall network 10 in which a number of
LINK/2 (L/2) stations (or nodes) indicated at 12 are
connected by various high speed data paths (e.g., T-1
lines) 14 to each other and/or to selected ones of
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Synchrony stations (ST-50) indicated at 16. The LINK/2
stations 12 employ 9-bit bytes in their operation while
the SynchronyTM stations 16 employ 8-bit bytes in their
operation. The SynchronyTM stations 16 are each
provided with a link gateway module (LGM) 18 which
facilitates communication to and from the LINK/2 stations
12 and the SynchronyTM stations 16 in accordance with the
present invention. Each LGM 18 employs converters
provided in accordance with the present invention. These
converters will be described in detail hereinafter. The
Synchrony stations 16 are connected via high speed data
paths 20 (which may be similar to paths 14), to each
other and to additional SynchronyTM stations (also ST-50)
indicated at 22. The stations 22 are not provided with
LGM’s 18 because they do not communicate directly with
LINK/2 stations 12. By virtue of the novel converters,
employed by the LGMs 18, unimpeded high speed data
transfer between LINK/2 stations 12 and the SynchronyTM
stations 16 is made possible even though LINK/2 equipment
operates with a 9-bit per byte protocol and the Synchrony
equipment operates with an 8-bit per byte protocol.
Referring now to FIG. 2, there is shown a schematic
diagram 30 of a frame 32 of 9-bit bytes 34 arranged
serially by a LINK/2 station. Each frame 32 is
transmitted by the LINK/2 equipment at high speed (e.g.,
via a T-1 line which transmits at 1.544 mbs) from one
user location to another. Bit positions here are
indicated by "x". Each byte 34 is delineated by
respective virtual bands 35 between successive bytes.
User data, such as computer, telephone and other digital
signals to be transmitted by LINK/2 equipment are
compiled by a unit termed a scanner (not shown) within a
LINK/2 and which is well known in the art, and arranged
serially as 9-bit bytes within the frame 32. Data bytes
are interspersed with bytes of synchronizing signals,
operating functions, automatic repeat requests (ARQ’s)
etc. within the frame 32 in accordance with LINK/2
communication protocol. There is a fixed number of bytes
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34 in a frame 32, and the bytes, which are all of 9-bit
length, are transmitted bit-by-bit at precisely clocked
intervals as a serial data stream in a direction
indicated by an arrow 36. The frame 32 starts at a point
indicated at 38, and ends as indicated at 39. There may
be one or more frames (not shown) in front of or behind
the frame 32.

Referring now to FIG. 3 there is shown a schematic
diagram 40 of a frame 42 with bytes 44 and bands 45. The
frame 42 may be identical to the frame 32 of FIG. 2.

Here however, the individual bits, also indicated by "x"
are consecutively numbered "1," "2', "3", etc. to "n",
where "1" is the first bit in the frame 42 and "n" is the
last. The number "n" is the total number of bits in all
of the bytes 44 in the frame 42. The bits "x" are
transmitted as a precisely clocked serial data stream in
the direction of an arrow 46. It is essential for the
integrity of the information contained within a frame 42
that not one of bits "1" through "n" be lost, or that it
be misplaced in its numerical sequence within the frame
42 after the bytes 44 are converted to bytes with a
different bit count. How this is done in accordance with
the present invention will be explained in detail
hereinafter.

Referring now to FIG. 4, there is shown a schematic
diagram 50 illustrating an incoming data stream indicated
at 52, a 9 bit to 8 bit (9:8) converter 60 provided
according to the invention, and an outgoing data stream
indicated at 62. In the incoming data stream 52,
successive parallel 9-bit bytes are, by way of example,
designated "a", "b", "c", etc. The individual bits,
indicated by "x", of each byte are shown consecutively
numbered "1", "2", "3",  etc. The nine bit positions of
each byte are designated "O" through "8" (8:0) as shown.
The general expression "(8:0)" is standard digital
notation as used to denote that there are 9 individual
items in a particular element, such as bits in a byte. A
notation "(7:0)" indicates 8 items, and so on. The bytes
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of the data stream 52 (e.g., bytes "a", "b", etc.) are
spaced apart at precisely clocked intervals (defined as
"clock-intervals") shown by times "t" indicated at 65.
The data stream 52 is transmitted in the direction of an
arrow 54 from a scanner (not shown but of a type well
known in the art) within an LGM 18 (see FIG. 1) of a
Synchrony unit 16. The scanner (not shown) re-formats a
serial data stream, such as illustrated by the frame 42
of FIG. 3 into the parallel bytes "a", "b", "c¢", etc., of
the incoming parallel data stream 52 of FIG. 4. For the
sake of subsequent explanation the respective arithmetic
numbers "1, "2v, "3v etc., of the bits in the
respective bytes in both these serial and parallel data
streams are shown the same. Thus the first byte 44 in
the frame 42 of FIG. 3 contains bits numbered "1"-"9gn",
the second byte 44 contains bits "10"-"18", and so on.
Note that in FIG. 4 the byte "a" (first byte) contains
the bits "1"-"9" and occurs at a count "0O", the byte "b"
(second byte) contains the bits "10"-"18" and occurs at a
count "1", and so on. The eight parallel bytes "a"
through "h" contain a total of 72 bits and occur on
respective counts "0"-"7". A cumulative time "T"
indicated at 67, contains these eight incoming bytes.
The significance of this will be explained shortly.

The incoming data stream 52 of FIG. 4 is applied
byte by byte, as indicated by an arrow 58, to the (9:8)
converter 60 provided in accordance with the invention.
The converter 60, which will be described in detail
hereinafter, virtually instantaneously converts the 9-bit
bytes "a", "b", "c" etc. of the incoming data stream 52
to 8-bit bytes which it outputs, as indicated by an arrow
61, as the outgoing data stream 62. The parallel 8-bit
bytes "aa", "bb" etc., of the outgoing data stream 62 are
applied byte by byte, as indicated by an arrow 64 to a
phasor (not shown) which is a buffer memory (well known
in the art) for monetarily storing each byte until it is
called for during subsequent processing within an LGM 18
(FIG. 1). :
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The first byte of the outgoing data stream is
designated "aa" and corresponds partly but not exactly to
byte "a" of the incoming data stream 52. The 8 bits,
each indicated by an "x", of the outgoing byte "aa" are
numbered "1"-"8"., The eight bit positions are designated
mgn-"7" (7:0). Note that the 9th bit of the incoming
byte "a" is now in bit position "0" of the next outgoing
8-bit byte "bb" of the outgoing data stream 62. The byte
"bb" in its respective 8 bit positions now contain bits
numbered "9"-"16". Thus by comparing the arithmetic
numbers of the bits of the incoming bytes "a", "b", "c"
etc. with the arithmetic numbers of the bits in the
outgoing data stream 62 it is easily seen’in which
outgoing bytes "aa", "bb", "cc" etc. and in which bit
positions "0"-"7" the respective bits are now found. It
is important to note here that no one of the bits
arithmetically numbered "1", "2", "3", etc., in the
incoming data stream 52 has been lost in the outgoing
data stream 62 nor has a bit been misplaced from its
original numerical sequence. In other words, if the
outgoing data stream 64 were to be reformatted into a
serial data stream, the individual bits would have their
same respective numbers "1", "2", "3", etc., to "n" as
shown in the frame 42 of FIG. 3.

As seen in FIG. 4 the first eight bytes "a" through
"h" of the incoming data stream 52 contain 72 bits. It
requires the first nine bytes "aa" through "ii" of the
outgoing data stream 62 to account for these 72 bits. It
is important that there be no cumulative delay or queuing
of data into and out of the converter 60. Thus the
outgoing nine bytes "aa" through "ii" are outputted from
the converter 60 in the same time interval "T" indicated
at 67. During the interval "T" the eight incoming bytes
"a" through "h" are inputted to the converter 60. The
duration of "T" is actually seven "t" plus a half "t",
where "t" is a clock-interval indicated at 65.

As will be explained hereinafter, the outgoing byte
"aa" is outputted from the converter 60 on a "half-count"
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indicated at 68 which occurs at a half-clock-interval
(t/2) indicated at 66 after a "0" count. The interval
between the byte "aa" and the next byte "bb" is also
"t/2"., A full time "t", representing a full clock-
interval 65, exists between outgoing bytes "bb", "cc",
etc., to "ii" as shown. Note also that after the nine
outgoing bytes "aa"-"ii" (containing a total of 72 bits),
the tenth or next byte "jj" with bits numbered "73"-"80",
is outputted on a half-count 68 occurring another half-
clock-interval 66 (t/2) after a count "0"%". Thus a next
cycle of nine outgoing bytes is repeated, and so on.
Each outgoing byte "aa", "bb", "cc", etc. is immediately
transferred to a phasor, as was explained previously.
Referring now to FIG. 5, there is shown a bit chart
70 which illustrates graphically how incoming 9-bit bytes
are instantly converted by the (9:8) converter 60 clock
count by clock count (clock to clock) into outgoing 8-bit
bytes. This bit chart 70 is easily understood from the
schematic diagram 50 of FIG. 4 as will now be explained.
The chart 70 of FIG. 5 is arranged in vertical columns
designated by headings "a", "b", "c", etc. in a top
horizontal row indicated at 72. Beneath this row is
another row indicated at 74, showing successive counts

ngn-n7n  and then repeating column by column. These

‘count numbers represent the decimal equivalents of

respective three-bit binary counts, as is well known. A
"half-count" 68 (after a half-clock interval 66 of FIG.
4) is not shown here though, in fact, there occurs a
half-count 68 after each count "0", as will be explained
hereinafter.

An upper half of column "a" of the chart 70
designates bit positions "0"-"8" of the respective bits
of a 9-bit byte. Similarly a lower half of the column
"a" shows bit positions "0"-"8" of respective bits of a
9-bit byte. An upper portion of the chart 70 is
designated "remainder data" and is separated by a
horizontal line 76 from a lower portion designated
"current data". It is to be understood that the bit
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chart 70 may continue to the right beyond a column "r",
which is the last one shown here.

Referring now to the lower portion of the chart 70
(which is designated "current data"), column "b" reading
successively downward shows alpha-numeric designations
"a0" through "a8" corresponding to the respective bit
positions "0"-"8" of column "a". The alpha-numeric
designations "a0"-"a8" are to be understood as
representing respective bit positions of an initial 9-bit
byte corresponding to the incoming byte "a" (FIG. 4).

The next column "c" of the chart 70 of FIG. 5 under
"current data" reads "b0O" through "b8" and corresponds to
the incoming byte "b" (FIG. 4). In similar fashion
column "d" of chart 70 under "current data" shows "cO"
through "c8" and represents the incoming byte "c" (FIG.
4) and so on. Thus the incoming bytes "a", "b", "c",
etc., are represented in the bit chart 70 of FIG. 5
column by column to the right across the lower half
(current data portion) of the chart 70 with "gO"-"g8"
being the last positions shown here. Note that an
incoming byte "g" is not actually shown in FIG. 4.

In the upper portion of the chart 70 of FIG. 5
labeled "remainder data" the alpha-numeric designation
"a0" through "a8" is to be found reading downward in the
upper half of the column "c". This is a shift to the
right by one column (i.e., from column "b", lower half,
to column "c" upper half) of the designation "a0" through
"ag8"., Similarly, remainder data "bO" through "b8" is
found in the upper half of the column "d", and so on
column by column to the right across the upper portion of
the chart. The reason for this shift to the right by one
column of the "remainder data" designations will be
explained in detail hereinafter.

It is noted that the upper portion of the column "b"
of the chart 70 has no alphabet letter designation of the
bit positions "0" through "8". It is assumed, for the
sake of explanation, that the incoming byte "a" of FIG. 4
is the first data presented to the converter 60. Hence,
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this byte "a" is represented in column "b" the chart 70
of FIG. 5 under "current data". Incoming byte "a" occurs
at the beginning of a count "O".

It is seen in FIG. 4 that only the first eight bits
(numbers "1"-"8") of the first incoming 9-bit byte "a"
are used in the first outgoing 8-bit byte "aa". Thus, in
FIG. 5 column "b" of the chart 70 only the first 8 bits
"a0" through "a7" (obtained from the incoming byte "a")
are included within a first shaded area 80. This shaded
area 80 may therefore be understood as corresponding to
the first outgoing byte "aa" of FIG. 4.

As is shown in FIG. 4, a half-count interval €6
(t/2) after a count "0" the first 8 bits ("a0" through
"a7") of the incoming 9-bit byte "a" are outputted by the
converter 60 as the first outgoing 8-bit byte "aa" (also
represented by the shaded area 80 of FIG. 5). In the
chart 70 of FIG. 5, the bit "a8" under "current data" at
the bottom of the column "b" is not included within the
shaded area 80 since "a8" is a ninth bit. It thus
becomes "remainder data" in column "c" and is outputted
on the next count (i.e., count "1").

A shaded area 81 in column "c" of the chart 70
includes the bit "a8" under "remainder data" and the bits
"b0" through "bé" under "current data" (8 bits total).
These bits represent the bits numbered "9"-"16" of the
data bits of FIG. 4. The shaded area 81 of FIG. 5 thus
corresponds to the second outgoing byte "bb" of FIG. 4.

A similar progression column by column in the chart 70 of
FIG. 5 of shaded areas 82 through 88 (each 8 bits long)
thus represents outgoing bytes "cc" through "ii" of FIG.
4. The nine shaded areas 80-88 of the chart 70 of FIG. 5
therefore represent the first nine outgoing bytes "aa"
through "ii" of FIG. 4. All 72 bits (and in numerical
sequence) of the initial eight incoming 9-bit bytes "a"
through "h" are accounted for in the initial nine
outgoing bytes "aa" through "ii". The shaded areas 80-88
of FIG. 5 show clock count by clock count how the
incoming and outgoing bytes and their respective bits are
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passed through the converter 60 of FIG. 4. Thus, by
comparing respective bits and bytes of the incoming data
stream 52 with the bits and bytes of the outgoing data
stream 62 of FIG. 4, the bit chart 70 of FIG. 5 is easily
understood. This chart 70 in turn will readily show how
wiring paths and switch connections within the converter
60 are made, as will presently be explained.

It is noted in FIG. 5 that in the upper half of
column "j" of the chart 70, the bits "hl" through "h8"
within the shaded area 88 all represent "remainder data".
It is clearly seen from FIG. 4 that the 8 bits numbered
"g5"-"72" in the outgoing byte "ii" are the ones
remaining (hence the designation "remainder data") from
the incoming 72 bits after 64 bits have been accounted
for by the first eight outgoing bytes "aa" through "hh".

As seen in FIG. 5, the lower half of the column "j"
is designated "current data" and shows bits "iO" through
"ig", These 9 bits correspond to the respective bits
"gn-vg" of the incoming byte "i" of FIG. 4. As incoming
"current data" in chart 70 of FIG. 5 only the first 8
bits "iQ"-"i7" of the byte "i" are used by the converter
60 in its next output cycle. Thus only bits "iQ"-"i7"
are included within a shaded area 90 in the lower portion
of the column "j". The bit "j8" becomes "remainder data"
and is processed on a subsequent count (column "k" of
chart 70).

The bits "i0"-"i7" within the shaded area 90 of the
chart 70 are outputted by the converter 60 (see FIG. 4)
as the outgoing byte "jj" (with bits numbered "73"-"80")
a half-clock interval 66 (t/2) after a count "0". There
is thus a half-clock interval 66 (t/2) between the
outgoing byte "ii" and the byte "jj" (and between the
byte "jj" and the byte "kk"). The reason for this was
explained previously in connection with the shaded area
80 (containing the bits "a0"-"a7") of column "b"
representing outgoing byte "aa". Each half-count 68
satisfies the need to output a total of 72 bits in a
group of 9 outgoing bytes each of 8 bits, within the
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cumulative time "T" during which 8 incoming bytes of 9
bits each are inputted to the converter 60.

As seen in FIG. 5, there is a succession of nine
shaded areas 90-98 each 8 bits long. These nine shaded
areas 90-98 are akin to the shaded areas 80-88 previously
described. The shaded areas 90-98 represent respectively
a next 9 outgoing bytes "jj", "kk", etc. of FIG. 4 (only
bytes "jj" and "kk" being actually shown).

As seen in FIG. 5, the column "r" of the chart 70
(the last column actually shown) has a lower half showing
9 bits "g0"-"g8" as "current data". Only 8 bits "g0-"g7"
are enclosed within a shaded area 100 for the reasons
given previously in connection with the shaded areas 80
and 90. The shaded area 100 corresponds to an outgoing
byte (not shown). The chart 70 may be visualized as
extending beyond the last column "r", cycle after cycle,
and count after count until all of the data in the
incoming data stream 52 of FIG. 4 have been converted
into the outgoing data stream 62. In summary, the
outgoing bytes with predetermined sets of bits
represented by the shaded areas 80, S0, 100, etc. are
outputted by the converter 60 on a half-count 68 which
occurs a half-clock interval 66 after the beginning of a
clock "0". The remaining outgoing bytes with
predetermined sets of bits represented by the remaining
shaded areas 81-88, 91-98, etc. are outputted at the
beginning of their respective counts "0"-"7". This is
also clearly shown in FIG. 4.

It is now clear from the bit chart 70 of FIG. 5 how
incoming bytes and outgoing bytes and their respective
bits, are "clocked" through the converter 60 one count at
a time. The cycle of full counts "0"-"7" (and an extra
half-count 68, not shown here but further explained
hereinafter) repeats column by column along the row 74 as
shown in the chart 70. Bytes having 8 bits each are
outputted on respective counts (including a half-count)
by the converter 60 as indicated by the shaded areas 80-
88, 90-98, and so on. On the beginning of each full
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count an incoming 9-bit byte is inputted to the converter
60 and an outgoing 8-bit byte is outputted. The extra
half-count 68 (in addition to eight full counts "Q"-"7")
permits a ninth outgoing byte of 8 bits to be outputted
from the converter 60 within the time "T". Using the bit
chart 70, with its shaded areas 80-88, 90-98, etc., and
the various alpha-numeric bits identified column by
column and clock count by clock count, it is easily
possible to understand the construction and operation of
the converter 60 now to be described.

Referring now to FIG. 6, there is shown in schematic
circuit form the (9:8) bit converter 60 (FIG. 4). The
converter 60 comprises a first (current data) flip flop
110 (shown as 9-Bit Flip Flop), a second (remainder data)
flip flop 112 (shown as 9-bit Flip Flop), a switch array
of eight identical multiplex (MUX) units 116 designated:
MUX "1"- MUX "8"; an output multiplex (MUX) unit 118, a
binary counter 120 and a control 122 for deriving each
half-count 68 (see FIG. 4) after a respective count "O".
The flip-flops 110 and 112, the counter 120 and the
control 122 are controlled by clock signals (not shown)
applied to respective inputs (not shown) which are
connected to a common clock-signal (CLK) lead 121. The
MUXs 116 each have eight data bit inputs "DO"-"D7" and a
single bit output "Y" designated respectively "0"-"7" for
MUXs 1-8. For example, the Y output of MUX8 is "7’.Each
of these flip flops, counter and MUXs is well known in
the art.

The first flip flop 110 receives (as indicated by
the arrow 58 of FIG. 4) incoming 9-bit parallel bytes as
"current data" via an input buss 123 having 9 bit paths
(8:0) in parallel. The 9 bits of each incoming byte
(e.g., the bytes "a", "b", etc. of FIG. 4) are
momentarily stored during each clock count in their
respective bit positions (not shown) within the flip flop
110. Respective bit outputs (not shown) of the flip flop
110 are coupled to a "current data" buss 124 having 9
parallel paths (8:0) The current data buss 124 is
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connected to 9 respective input bit positions (not shown)
of the second flip flop 112. The first eight paths
within the current data buss, corresponding to "current
data" bit positions "0"-"7" but not position "8", are
connected respectively to 8 input bit positions "Q"-"7"
(not shown) of a lower input 126 (Cl) of the MUX 118.
Various ones of the parallel paths within the current
data buss 124 are connected to selected ones of inputs
designated "DO" to "D7" of the eight MUXs 116, as will
presently be described in further detail.

The second flip flop 112 momentarily stores as
"remainder data" the 9 bits of a byte transferred to it
on each clock count from the current data flip flop 110.
Selected bit outputs (eight in number) of the second flip
flop 112 are respectively coupled to a "remainder data"
buss 130 having 8 parallel paths (8:1) Various ones of
eight parallel paths (hereinafter designated "R1"-"R8")
within the buss 130 are connected to selected ones of the
inputs "DO"-"D7" of the eight MUXs 116, as will presently
be described in further detail.

The counter 120 is a three-bit binary counter having
bit outputs indicated at "QO", "Q1" and "Q2" as shown.
Each of these outputs "QO", "Q1", and "Q2" is
respectively coupled to separate paths 136, 137 and 138,
of a "count" buss 140. The paths 136, 137, 138
(representing respective bit positions "O0O", "1" and "2"
of the counter 120) of the count buss 140 are coupled to
respective ones of clock-inputs "A", "B", "C’, of the
respective MUXs 116. The paths 136, 137, 138, at a right
end of the buss 140, are also connected to respective bit
positions "0O", "1" and "2" of inputs (not shown) of the
control 122.

Each of the eight MUXs 116 (MUX 1-8) has a single-
bit output "Y" (designated respectively "0" for MUX 1, to
"7" for MUX 8). Each output "Y" is coupled respectively
to one of parallel bit paths 141-148 of a (7:0) data buss
150. A right end of the data buss 150 is connected to an
upper input 152 (CO) of the MUX 118, the separate paths
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141-148 of the buss 150 being connected to respective
input bit positions "0"-"7" (not shown) of the MUX 118.
An output 154 of the MUX 118, with "0"-"7" parallel bit
positions (not shown) is connected to an output (7:0)
buss 156. The output buss 156 transmits parallel
outgoing bytes (e.g., bytes "aa", "bb", etc.) from the
converter 60 in a direction indicated by the arrow 61
(see FIG. 4) to a phasor (not shown).

The control 122, on receipt of a count "0" generates
a delay of a half-count interval "t/2" (indicated at 66
in FIG. 4) and then applies a half-count signal
(indicated at 68 in FIG. 4) to a lead 160. The lead 160
is coupled to an input (designated SEL) of the MUX 118.
When a half-count signal is applied via the lead 160 to
the MUX 118, its lower input 126 is selected and the 8
parallel bits "0"-"7", but not the ninth bit "8", then
stored in the current data flip flop 110 are transferred
through the MUX 118 to the output buss 156. The sets of
eight "current data" bits "0"-"7" are represented by the
shaded areas 80, 90, 100, etc. of the bit chart 70 of
FIG. 5, and are the respective output bytes "aa", "jj",
etc., of FIG. 4.

As seen in FIG. 6, each of the MUXs 116 is an eight-
position switch. Counts "0"-"7", in sequence, are
applied to each MUX 116 at respective binary inputs "A",
"B", "C" via the buss 140 from the counter 120. On a
count "0" each bit input "DO" of each MUX 116 is
connected to the respective output "Y"; on a count "1",
bit input "D1" is connected to "Y", and so on count after
count. This linear sequence then repeats on a next count
cycle "0"-"7", and so on. Therefore, depending on which
bit positions of the respective outputs of the current
data flip flop 110 and the remainder data flip flop 112
are coupled (via the busses 124 and 130) to the sixty-
four respective inputs "DO"-"D7", the eight MUXs 116 (on
successive full counts "0"-"7) select clock count by
clock count a desired set of eight bits of data (see the
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bit chart 70 of FIG. 5) and output them (at respective
outputs "Y") in parallel as an outgoing (7:0) byte.

The following Table 1 shows permanent wiring
connections within the converter 60 running according to
predetermined patterns from output bit positions of the
current data flip flop 110 and of the remainder data £flip
flop 112 to respective ones of the sixty-four inputs
"DO"-"D7" of the eight MUXs 116.

TABLE 1

Row Count Inputs MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7 MUXS8
No No.

1 0 Do R1 R2 R3 R4 R5 R6 R7 R8
2 1 D1 R8 0 1 2 3 4 5 6
3 2 D2 R7 R8 0 1 2 3 4 5
4 3 D3 R6 R7 R8 0 1 2 3 4
5 4 D4 RS R6 R7 R8 0 1 2 3
6 5 D5 R4 R5 R6 R7 RS 0 1 2
7 6 D R3 R4 R5 R6 R7 R8 0 1
8 7 D7 R2 R3 R4 R5 R6 R7 R8 0

Table 1 is arranged in 11 vertical columns, with
respective headings, and in 8 horizontal rows numbered 1-
8. For simplicity of explanation, here (and in FIG. 6)
the 8 bit positions (but not position "0") of the
remainder data flip flop 112 have been given alpha-
numeric designations "R1"-"R8", and only the first 7 bit
positions of the current data flip flop 110 have been
given numeric-only designation "O"-"g",

Row 1 of the Table 1 shows that the input "DO"
(column 3) of the MUX 1 (column 4) on a count "0" (column
2) is coupled to "R1" (bit position "1" of the remainder
data flip flop 112). Similarly, input "DO" of MUX 2 is
coupled to "R2" and so on across the row 1. These
connections are exactly the same as those shown in FIG.
6. Row 2 of the Table 1 similarly shows that the inputs
"D1" of the eight MUXs 1-8 are coupled respectively to
bit position "R8" (column 4) of the remainder data flip
flop 112, and to bit positions "0"-"6" (columns 5-11) of
the current data flip flop 110. The Table 1 continues
row by row to the eighth row and shows all of the
connections to all of the sixty-four inputs "DO"-"D7" of
the MUXs 1-8 (FIG. 6) from the flip flops 110 and 112.
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These input connections (which are sequentially coupled
in sets clock count by clock count to the outputs "Y" of
the eight MUXs 1-8) are derived (predetermined by) from
the bit chart 70 of FIG. 5.

The bit chart 70 of FIG. 5 clearly shows (using
equivalent terminology) the various connections listed in
the Table 1. Thus, for example, in column "c" of the
chart 70 for a count "1" the shaded area 81 includes a
single remainder data bit ("a8") and 7 current data bits
("bO"-"pe"). Table 1, in row 2, shows that for a count
w1r, input "D1" of MUX 1 is connected to the remainder
data bit position "R8", here designated "R8". This may
be understood as corresponding to the bit "a8" in the
shaded area 81 of the chart 70, or to the remainder data
bit of "i8" in the shaded area 91, and so on. Similarly,
as shown in the Table 1, row 2, the input "D1" of MUX 2
is connected to current data bit position "0", here
designated "0"; the input "D1" of MUX 3 is connected to a
bit position "1" of current data, and so on, to bit
position "é" of current data for MUX 8. Thus, the row 2
of Table 1 shows that for any count "1" a single
remainder data bit "R8", and seven "current data" bits
"ov-"g" will be outputted in parallel by the eight MUXs
1-8 at their outputs "Y". This set of a single remainder
data bit and seven current data bits corresponds to those
in the shaded areas 81, 91, etc., of the bit chart 70 of
FIG. 5.

On a next count "2" (row 3, of Table 1) a set of two
remainder data bits "R7", "R8" and six current data bits
"o"-"5" are outputted, (corresponding to the shaded areas
82, 92, etc.) and so on clock count by clock count.

Thus, the relationship between the Table 1 and the bit
chart 70 is evident; the respective connections listed in
the Table 1 are identical to the ones shown in FIG. 6.

It will now be understood that the bit chart 70 of
FIG. 5 illustrates a general principle of the invention
employed in converting incoming parallel bytes, each of a
given number of bits into outgoing parallel bytes each of
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a different number of bits. The separate bits of
incoming bytes (FIG. 4) are momentarily stored in
respective memory positions (of flip flops) as "current
data" and as "remainder data" (FIG. 6). For any given
output count a predetermined set of the bits stored as
"current data", "remainder data", or partly both (as
represented by the shaded areas 80-88, 90-98, etc., of
the bit chart 70) are assembled into an outgoing parallel
byte having a desired number of bits. Compensation is
periodically made in the number of outgoing bytes
outputted within a given elapsed time (e.g., a time "T")
by a converter relative to the number of incoming bytes
within the time to equalize the total number of bits
inputted and outputted during this time. This sequence
of outgoing bytes continues clock count by clock count
for as long as there are incoming bytes. The original
numerical sequence of the bits in the incoming bytes is
maintained for the bits in the outgoing bytes.

Referring now to FIG. 7, there is shown a schematic
diagram 200 comprising an incoming data stream (having 8-
bit bytes in parallel) generally indicated at 210, an 8
to 9 bit converter 220 embodying features of the
invention, and an outgoing data stream (having 9-bit
bytes in parallel) generally indicated at 230. The
incoming data stream 210 is derived from a source (not
shown) as indicated by an arrow 212. The data stream 210
comprises successive 8 bit bytes, the first one being
byte "z", the next byte "a", the next byte "b", and so
on. The respective bytes "z", "a", "b", etc. occur on
respective input counts "0", "1", etc. to "8", which
counts are then repeated "0"-"8", and so on for as many
bytes as there are in the incoming data stream 210 (only
three bytes being actually shown). An interval "t"
between successive counts (and bytes) is indicated at
214. Bit positions within each byte are designated "0"-
"7" as shown. The incoming data stream 210 is inputted
byte by byte to the (8:9) converter 220 as indicated by

an arrow 216.
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The outgoing data stream 230 is outputted byte by
byte from the (8:9) converter 220 as indicated by an
arrow 222. The first byte is designated byte "zz", the
next is designated "aa", the next is designated "bb", and
so on (only three bytes being actually shown). Bit
positions within each outgoing byte are designated "0O"-
vgr  as shown. Note that the individual bits "x" of each
incoming and outgoing byte are consecutively numbered 1,
2, 3, etc. Bits numbered "1-8" are in the first incoming
byte "z" whereas bits numbered "1"-"9" are in the first
outgoing byte "zz". The outgoing bytes are applied to a
phasor (not shown) as indicated by an arrow 224. There
are nine incoming (7:0) bytes (with bits numbered "1'"-
"72", only some of which are shown) inputted to the
converter 220, while eight outgoing (8:0) bytes (with
bits "1"-"72", only some of which are shown) are
outputted. The similarities and the differences between
the incoming and outgoing data streams of 210 and 230 of
FIG. 7 and the corresponding data streams of FIG. 4 are
easily seen. These similarities and differences help
illustrate the versatility of the present invention in
converting from bytes of a given bit count to bytes of a
different (greater or smaller) bit count.

Referring now to FIG. 8, there is shown a bit chart
300 which illustrates graphically how incoming 8-bit
bytes are quickly converted by the (8:9) converter 220
clock count by clock count into outgoing 9-bit bytes.
This bit chart 300 is easily understood from the
schematic diagram 200 of FIG. 7. The chart 300 is
analogous to, though different in some details from, the
bit chart 70 of FIG. 5 which has previously been
described. Most of the explanation of the meaning of the
bit chart 70 is applicable to the bit chart 300 of FIG.
8.

The bit chart 300 represents the conversion of
incoming 8-bit bytes into outgoing 9-bit bytes (FIG. 7).
The chart 300 has a first horizontal row 302 giving

column designations "a", "b", "c", etc. A second
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horizontal row 304 shows nine respective counts "Q"-"7"
and a count "8/NOP", which then repeat, as will be
explained presently. In column "a" of the bit chart 300
there are eight bit positions "0"-"7" designated
"remainder data" and, below a horizontal line 306, eight
bit positions "0"-"7" designated "current data". These
bit positions represent respective positions of the bits
in successive incoming 8-bit bytes.

Eight shaded areas 310-317 shown respectively for
counts "0"-"7", and eight shaded areas 320-327 for
another cycle of counts "0"-"7" represent 8 successive
outgoing 9-bit bytes. In addition to these counts "0"-
"7n, there is a ninth count "8/NOP" (no-operation) during
which the (8:9) converter 220 does not output an outgoing
byte. Before outputting on counts "0"-"7" 8 bytes of 9
bits each (72 bits total) the (8:9) converter 220 must
pause during a ninth count "8/NOP", and allow itself to
receive an extra (ninth) incoming byte of 8 bits to bring
the total of incoming bits to 72 during the following
counts "Q"-"7", This will be further explained
hereinafter. It is noted also that for simplicity of
explanation the first incoming (7:0) byte (FIG. 7) has
been designated byte "z". In the bit chart 300, the
corresponding bits "z0"-"z7" are shown in column b, count
"0" as "remainder data". A count (not shown) previous to
count "0" in column b would in fact be a count "8/NOP"
(see also column j) which represents a pause (no
operation) in the outputting of an (8:0) byte by the
(8:9) converter 220 while an extra incoming (7:0) byte is
inputted to it. Thus the eight bits "z0"-"z7" of column
b of the incoming byte "z" (received on a:previous count
"g/NOP") are already stored on a count "0" as "remainder
data" while the bits "aO"-"a7" of the next incoming byte
"a'" are stored as "current data". Therefore, on a count
"0" (column b) the eight bits "z0"-"z7" and a single bit
"a0" stored under current data (all shown within the
shaded area 310) are outputted by the (8:9) converter 220
as the first outgoing (8:0) byte "zz" (FIG. 7). Note
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also in this regard that in lower part of column "j",
incoming bits "i0"-"i7" of an incoming (8-bit) byte "in"
are received and stored under "current data" for a count
"8§/NOP". Then as shown in column "k" the bits "iQo"-"i7",
now stored as "remainder data" are outputted on a next
count "0" (along with a bit "jO" under "current data"),
as indicated by the shaded area 320 (which is akin to the
shaded area 310).

Referring now to FIG. 9, there is shown in block
diagram form the (8:9) converter 220 of FIG. 7. The
converter 220 comprises a first (current data) £flip flop
410 (shown as 8-bit flip flop), a second (remainder data)
flip flop 412 (shown as 8-bit flip flop), a switch array
generally indicated at 414 of nine identical multiplex
(MUX) units 416 designated: MUX "1"- MUX "9"; an output
flip flop 418, a binary counter 420 and a "NOP" control
422 . The flip-flops 410, 412, and 418, the counter 420,
and the control 422 are controlled by clock signals (not
shown) applied to respective inputs (not shown) which are
connected to a common clock-signal (CLK) lead 421. The
nine MUXs 416 each have eight data bit inputs "DO"-"D7"
and a single bit output "Y" designated respectively "0"-
"g8" for the nine MUXs 1-9. Each of these flip flops,
counter and MUXs is well known in the art.

The first flip flop 410 receives (as indicated by
the arrow 216 and FIG. 7) incoming 8-bit parallel bytes
as "current data" via an input buss 423 having 8 bit
paths (7:0) in parallel. The 8 bits of each incoming
byte (e.g., the bytes "z" "a", "b", etc. of FIG. 7) are
momentarily stored during each clock count in their
respective bit positions (not shown) within the flip flop
410. Respective bit outputs (not shown) of the flip flop
410 are coupled to a "current data" buss 424 having 8
parallel paths (7:0). The current data buss 424 is
connected to 8 respective input bit positions (not shown)
of the second flip flop 412. Various ones of the eight
parallel paths (hereinafter designated "O"-"7") within
the current data buss 424 are connected to selected ones



10

15

20

25

30

35

WO 98/15891 PCT/US97/17763

25

of inputs designated "DO" to "D7" of the nine MUXs 416,
as will presently be described in further detail.

The second flip flop 412 momentarily stores as
"remainder data" the 8 bits of a byte transferred to it
on each clock count from the current data flip flop 410.
Respective bit outputs of the second flip flop 412 are
coupled to a "remainder data" buss 430 having 8 parallel
paths (7:0) Various ones of the eight parallel paths
(hereinafter designated "RO"-"R7") within the buss 430
are connected to selected ones of the seventy-two inputs
"DO"-"D7" of the nine MUXs 416, as will presently be
described in further detail.

The counter 420 is a four-bit binary counter (which
counts "0"-"8" and then repeats) having bit outputs
indicated at "QO", "Qi", "Q2" and "Q3" as shown. Each of
these outputs "QO0", "Q1", "Q2", and "Q3" is respectively
coupled to separate paths 436, 437, 438, and 439 of a
"count" buss 440. The four paths 436, 437, 438, and 439
(representing respective bit positions "O", "1i", "2", and
"3" of the counter 420) of the count buss 440 are coupled
to respective ones of clock-inputs "A", "B", "C’, and "D"
of the respective MUXs 416. The four paths 436, 437,
438, and 439 at a right end of the buss 440 are also
connected to respective bit positions "O", "1", "2", and
"3" of inputs (not shown) of the NOP 422.

Each of the nine MUXs 416 (MUX 1-9) has a single-bit
output "Y" (designated respectively "O" for MUX 1, to "8"
for MUX 9). Each output "Y" is coupled respectively to
one of parallel bit paths 441-449 of a (8:0) data buss
450. A right end of the data buss 450 is connected to an
input 452 of the flip flop 418, the separate paths 441-
449 of the buss 450 being connected to respective input
bit positions "0"-"8" (not shown) of the flip flop 418.
An output 454 of the flip flop 418, with "0"-"8" parallel
bit positions (not shown) is connected to an output (8:0)
buss 456. The output buss 456 transmits parallel
outgoing bytes (e.g., bytes "aa", "bb", etc.) from the
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converter 220 in a direction indicated by:the arrow 222
(see FIG. 7) to a phasor (not shown).

The NOP 422, on receipt of a count "8" (as four
binary bits) from the counter 420 applies an inhibit
signal to a lead 460. The lead 460 is coupled to an
input (designated CE) of the flip flop 418. While the
inhibit signal is applied via the lead 460 to the flip
flop 418 it is unable to receive data from the (8:0) buss
450. Thus no data is transferred to the output (8:0)
buss 456 during a count "8/NOP", as indicated by the
absence of a shaded area in column "j" of the bit chart
300 (FIG. 8). On a next count "0" (immediately following
a count "8" from the counter 420) the inhibit signal on
the lead 460 disappears, and the flip flop 418 transfers
data from the MUXs 416 then on the buss 450 to the output
buss 456.

As seen in FIG. 9, each of the MUXs 416 is an eight-
position switch. Counts "0"-"7", and a count "8/NOP", in
sequence, are applied to each MUX 416 at respective bit
inputs A", wB", »C", "D" via the buss 440 from the
counter 420. On a count "0" each bit input "DO" of each
MUX 416 is connected to the respective output "Y"; on a
count "1", bit input "D1" is connected to "Y", and so on
to "D7" on count "7". This switching sequence of inputs
to output through the MUXs 416 pauses during a ninth
count "8/NOP", then repeats on a next count sequence "0"-
v7n  and "8/NOP", and so on. Therefore, depending on
which bit positions of the respective outputs of the
current data flip flop 410 and the remainder data flip
flop 412 are coupled (via the busses 424 and 430) to the
seventy-two respective inputs "DO"-"D7", the nine MUXs
416 on successive counts "0"-"7" (but not a count
"8/NOP"), select clock count by clock count a desired set
of nine incoming bits of data (see the shaded areas of
bit chart 300 of FIG. 8) and output them (at respective
outputs "Y") in parallel onto the buss 450 and through
the flip flop 418 as an outgoing (8:0) byte on the output
buss 456.
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The following Table 2 shows permanent wiring
connections within the (8:9) converter 220 running,
according to predetermined patterns, from output bit
positions of the current data flip flop 410 and of the
remainder data flip flop 412 to respective ones of the
seventy-two inputs "DO"-"D7" of the nine MUXs 416.

TABLE 2

Row Count
No No Inputs MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7 MUX8 MUX9

1 0 DO RO R1 R2 R3 R4 R5 R6 R7 0
2 1 D1 R1 R2 R3 R4 R5 R6 R7 0 i
3 2 D2 R2 R3 R4 R5 R6 R7 0 1 2
4 3 D3 R3 R4 R5 R6 R7 0 1 2 3
5 4 D4 R4 RS R6 R7 0 1 2 4 4
6 5 D5 R5 R6 R7 0 1 2 3 4 5
7 6 D6 R6 R7 0 1 2 3 4 5 6
8 7 D7 R7 0 1 2 3 4 5 6 7

Table 2 is arranged in 12 vertical columns, with
respective headings, and in 8 horizontal rows numbered 1-
8. For simplicity of explanation, here (and in FIG. 9)
the 8 bit positions of the remainder data flip flop 412
have been given alpha-numeric designations "RO"-"R7",
whereas the 8 bit positions of the current data flip flop
410 have been given numeric-only designation "QO"-"7",

Row 1 of the Table 2 shows that the input "DO"
(column 3) of the MUX 1 (column 4) on a count "0" (column
2) is coupled to "RO" (bit position "0" of the remainder
data flip flop 412). Similarly, input "D0" of MUX 2 is
coupled to "R1" and so on across the row 1 to "0" (bit
position "0" of the current data flip flop 410) for the
MUX 9. These connections are exactly the same as those
shown in FIG. 9. Row 2 of the Table 2 similarly shows
that the inputs "D1" of the nine MUXs 1-9 are coupled
respectively to bit position "R1"-"R7" (columns 4-10) of
the remainder data flip flop 412, and to bit positions
"o"-"1" (columns 11 and 12) of the current data flip flop
410. The Table 2 continues row by row to the eighth row
and shows all of the connections to all of the seventy-
two inputs "DO"-"D7" of the MUXs 1-9 (FIG. 9) from the
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flip flops 410 and 412. These input connections (which
are sequentially coupled in sets clock count by clock
count to the outputs "Y" of the nine MUXs 1-9) are
derived from (predetermined by) the bit chart 300 of FIG.
8.

The bit chart 300 of FIG. 8 clearly shows (using
equivalent terminology) the various connections listed in
the Table 2. Thus, for example, in column "c" of the
chart 300 for a count "1" the shaded area 311 includes
seven remainder data bits ("al"-"a7") and two current
data bits ("b0"-"bl"). The Table 2, in row 2 shows that
for a count "1", input "R1l" of MUX 1 is connected to the
respective remainder data bit position. This may be
understood as corresponding to the remainder data bit
"31" in the shaded area 311 of the chart 300, or to the
remainder data bit of "j1" in the shaded area 321, and so
on. Similarly, as shown in the Table 2, row 2, the input
"D1" of MUX 2 is connected to remainder data bit position
"R2"; the input "D1" of MUX 3 is connected to a remainder
data bit position "R3", and so on, to remainder data bit
position "R7" for MUX 7 and to current data bit position
"0" for MUX 8, and to current data position "1" for MUX
9. Thus, the row 2 of Table 1 shows that for any count
"1" geven remainder data bits "R1"-"R7", and two '"current
data" bits "0", "1" will be outputted in parallel by the
nine MUXs 1-9 at their outputs "Y". This set of
remainder data bits and current data bits corresponds to
those in the shaded areas 311, 321, etc., of the bit
chart 300 of FIG. 8.

On a next count "2" (row 3, of Table 1) a set of six
remainder data bits "R2"-"R7" and three current data bits
"gu-n2n are outputted, (corresponding to the shaded areas
312, 322, etc.) and so on clock count by clock count.
Thus, the relationship between the Table 2 and the bit
chart 300 is evident; the respective connections listed
in the Table 2 are identical to the ones shown in FIG. 9.

It will now be understood that like the bit chart 70
of FIG. 5, the bit chart 300 of FIG. 8 illustrates a
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general principle of the invention employed in converting
incoming parallel bytes, each of a given number of bits
into outgoing parallel bytes each of a different number
of bits. The separate bits of incoming bytes (see FIG.
7) are momentarily stored in respective memory positions
(of £flip flops) as "current data" and as "remainder data"
(see FIG. 9). For any given output count a predetermined
set of the bits stored as "current data", "remainder
data", or partly both (as represented by the shaded areas
310-317, 320-327, etc., of the bit chart 300) are
assembled into an outgoing parallel byte having a desired
number of bits. Compensation is periodically made in the
number of outgoing bytes outputted within a given elapsed
time (e.g., a time "T" of FIG. 4) by a converter relative
to the number of incoming bytes within the time to
equalize the total number of bits inputted and outputted
during this time. This sequence of outgoing bytes
continues clock count by clock count for as long as there
are incoming bytes. The original numerical sequence of
the bits in the incoming bytes is maintained for the bits
in the outgoing bytes.

Referring now to FIG. 10, there is shown a bit chart
500 which illustrates graphically how incoming 9-bit
bytes are quickly converted in accordance with the
invention by a (9:7) converter clock count by clock count
into outgoing 7-bit bytes. A (9:7) converter will be
described in detail hereinafter in connection with FIG.
11. The bit chart 500 of FIG. 10 is easily understood
from the descriptions previously given in connection with
the bit chart 70 (see FIG. 5) and the bit .chart 300 (see
FIG. 8) and from the following explanation.

The bit chart 500 is arranged in vertical columns
designated by headings "a", "b", "c", etc. in a top
horizontal row indicated at 502. Beneath this row is
another row indicated at 504, showing a succession of
full counts not in numerical sequence but in a different
sequence "O", "2", "4vw, wem", "1", "3", "5", and repeating
won, mm, mgw wgw wjm m3am w5n  znd so on. How and
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why this different sequence of counts is employed will be
explained hereinafter. The count numbers represent the
decimal equivalents of respective three-bit binary counts
whose bit positions are interchanged, as will be
explained. A "half-count" (like the half-count 68 of
FIG. 4) is not shown here though in fact, there occurs a
"half-count" after each count "0", and a "half count"
after each count "6" in the bit chart 500, as will be
explained.

A first, upper half of column "a" of the bit chart
500 designates bit positions "0"-"8" of the respective
bits of a 9-bit byte. Similarly a lower half of the
column "a" shows bit positions "0"-"8" of respective bits
of a 9-bit byte. An upper portion of the chart 500 is
designated "remainder data" and is separated by a
horizontal line 506 from a lower portion designated
"current data". It is to be understood that the bit
chart 500 may continue to the right beyond a column "r'",
which is the last one shown here.

Referring now to the lower portion of the chart 500
(which is designated "current data") column "b" reading
successively downward shows alpha-numeric designations
"a0" through "a8" corresponding to the respective bit
positions "0"-"8" of column "a". The alpha-numeric
designations "aO"-"a8" are to be understood as
representing respective bit positions of an initial 9-bit
byte corresponding to an incoming byte "a" (see FIG. 7).
The next column "c" of the chart 500 under "current data"
reads "bO" through "b8", and so on column by column to
the right across the lower half (current data portion) of
the chart 500 with "gO"-"g8" being the last positions
shown here.

In the upper portion of column "b" of the chart 500
of FIG. 10 labeled "remainder data" the alpha-numeric
designations "zO" through "z8" are shown.: In the
"remainder data" portion of column "c", the designations
"a0"-"a8" are shown. This is a shift to the right by one
column (i.e., from column "b", lower half, to column "c"
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upper half) of the designations "a0O" through "a8".
Similarly, remainder data "bO" through "b8" is found in
the upper half of the column "d", and so on column by
column to the right across the upper portion of the
chart. The reason for this shift to the right by one
column of the "remainder data" designations was explained
in detail in connection with the bit charts 70 and 300
(FIG. 5 and Fig. 8).

Still referring to the bit chart 500 of FIG. 10, in
column "b", under "remainder data" the set of bits "z2"-
"z8" are shown within a shaded area 510. These are
outputted on a count "O" by the (9:7) converter (FIG. 11)
as an initial outgoing (6:0) byte (similar to outgoing
byte "zz" of FIG. 7) as will be explained. The bits
"a0"-"a6" in column "b" under "current data" are shown
within a shaded area 511. These bits are outputted as a
next outgoing (6:0) byte on a "half-count" after a count
"o", as will be explained.

In column "c¢", the seven bits "a7", "a8", and "b0O"-
"b4" are shown within a shaded area 512 and are outputted
as a next outgoing (6:0) byte on a respective count "2".
Similarly, in column "d", bits "b5"-"b8" and "cO"-"c2"
are shown within a shaded area 513, and are outputted as
an outgoing (6:0) byte on count "4". 1In column "e", the
bits "c3"-"c8" and "d0" are within a shaded area 514 and
are outputted as an outgoing (6:0) byte on count "6".
The bits "dl"-"d7" of column "e", shown within a shaded
area 515 are outputted as an outgoing (6:0) byte on a
"half-count" after a count "6". In column "f", the bits
"dg" and "e0"-"e5" are within a shaded 516 and are
outputted as an outgoing (6:0) byte on a count "1".
Similarly, in columns "g" and "h", respectively seven
bits "e6"-"e8" and "f0"-"f£3" are contained in a shaded
area 517 and seven bits "f4"-"f8" and "g0", "gl" in a
shaded area 518. The bits in the shaded area 517 are
outputted on a count "3", and those in the shaded area
518 on a count "5". In column "i", the seven bits "g2"-
"g8" in a shaded area 520 are outputted on count "0".
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The bits "hO"-"hé" in a shaded area 521 of column "i" are
outputted on a "half-count" after count "0". The shaded
area 520 may be understood as akin to the shaded area
510, and the shaded area 521 as akin to the shaded area
511. Nine shaded areas 520-528 of columns "i"-"0" thus
represent a next cycle of seven full counts and the added
"half-counts" of the (9:7) converter (FIG. 11) in
outputting nine outgoing (6:0) bytes. Another set of
nine shaded areas 530, 531, 532, 533, etc. (not all of
which are shown) show a next cycle of seven full counts
and two half-counts of the (9:7) converter, and so on.
The total number of bits outputted as (6:0) bytes during
a cycle of counts is periodically made equal to the total
number of bits inputted as (8:0) bytes by adding two
"half-counts" provided along with seven full counts
during each cycle of counts. Using the bit chart 500,
with its shaded areas 510-518, 520-528, etc., and the
various alpha-numeric bits identified column by column
and clock count by clock count, it is easily possible to
understand the construction and operation of a (9:7)
converter now to be described. A schematic diagram (not
shown) similar to the one shown in FIG. 4, can easily be
constructed from the bit chart 500 of FIG. 10.

Referring now to FIG. 11, there is shown in
schematic circuit form a (9:7) bit converter 600. The
converter 600 comprises a first (current data) flip flop
610, a second (remainder data) flip flop 612, a switch
array of seven identical multiplex (MUX) units 616
designated: MUX "1"- MUX "7"; an output multiplex (MUX)
unit 617, a binary counter 618, a first control 619 for
deriving a "half-count" after a respective count "0", and
a second control 620 for deriving a "half-count" after a
respective count "6". The flip-flops 610 and 612, the
counter 618, and the controls 619 and 620, are controlled
by clock signals (not shown) applied to respective inputs
(not shown) which are connected to a common clock-signal
(CLK) lead 621. The MUXs 616 each have seven data bit
inputs "D0"-"D6" and a single bit output "Y" designated
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regpectively "0"-"6" for the MUXs 1-7. Each of these
flip flops, counter and MUXs is well known in the art.

The first flip flop 610 receives (as indicated by an
arrow 602) from a source not shown, incoming 9-bit
parallel bytes as "current data" via an input buss 604
having 9 bit paths (8:0) in parallel. The 9 bits of each
incoming byte (e.g., the bytes "a", "b", etc. of FIG. 10)
are momentarily stored during each clock count in their
respective bit positions (not shown) within the flip flop
610. Respective bit outputs (not shown) of the £lip flop
610 are coupled to a "current data" buss 624 having 9
parallel paths (8:0) The current data buss 624 is
connected to 9 respective input bit positions (not shown)
of the second (remainder data) flip flop 612. The first
seven paths within the current data buss 624,
corresponding to "current data" bit positions "0"-"6" but
not positions "7", "8", are connected respectively to 7
input bit positions (not shown) of a middle input 627
(C1) of the MUX 617. Another seven paths:within the
current data buss 624, corresponding to "current data'
bit positions "1"-"7" but not positions "O", "8", are
connected respectively to 7 input bit positions (not
shown) of a lower input 627 (C2) of the MUX 617. A first
six paths (hereinafter designated "O0"-"5") of the nine
parallel paths within the current data buss 624 are
connected to selected ones of inputs designated "DO" to
"D6" of the seven MUXs 616, as will presently be
described in further detail.

The second flip flop 612 momentarily stores as
"remainder data" the 9 bits of a byte transferred to it
on each clock count from the current data flip flop 610.
Respective bit outputs "R2"-"R8" of the second flip flop
612 are coupled to a "remainder data" buss 630 having 7
parallel paths (6:0). Bit positions "0" and "1" of
"remainder data" are not used (see the bit chart 500 of
FIG. 10). Various ones of the seven parallel paths
(hereinafter designated "R2"-"R8") within the buss 630
are connected to selected ones of the inputs "DO"-"Dé" of
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the seven MUXs 616, as will presently be described in
further detail.

The counter 618 is a three-bit binary counter having
bit outputs indicated at "QO", "Q1" and "Q2" as shown.
Each of these outputs "QO0". "Ql1" and "Q2" representing
bit positions "0", "1", "2" as indicated, is respectively
coupled to separate paths 636, 637 and 638, of a "count"
buss 640 . The paths 636, 637, 638 (each representing a
respective bit position "O", "1" or "2" of the counter
618) are coupled in a transposed sequence to respective
ones of clock-inputs "A", "B", "C’, of the respective
MUXs 616. The path 636 is thus coupled to respective
inputs "C", (designated bit position "0"), the path 637
to respective inputs "A" (designated bit position "1")
and the path 638 to respective inputs "B" (designated bit
position "2") of the MUXs 616. Similarly, the paths 636,
637, 638, at a right end of the buss 640 are also
connected to respective bit positions "1", "2" and "0" of
inputs (not shown) of the controls 619 and 620. By
transposing the leads 636, 637, and 638 as shown, the
count sequence applied to each MUX 616 and to the
controls 619 and 620, will appear to the MUXs and

controls as the decimal equivalent counts "QO", "2", "4",
mgn, nin,  m3n wgn and go on (see row 504 of the bit
chart 500 of FIG. 10) even though the counter 618 is
counting "O", "1", "2", "3", "4m", "5", "e", and then

repeating. This result is well known in the art.

Each of the seven MUXs 616 (MUX 1-7) has a single-
bit output "Y" (designated respectively "0" for MUX 1, to
"e" for MUX 7). Each output "Y" is coupled respectively
to one of parallel bit paths 641-647 of a (6:0) data buss
650. A right end of the data buss 650 is connected to an
upper input 652 (C0) of the MUX 617, the separate paths
641-647 of the buss 650 being connected to respective
input bit positions (not shown) of the MUX 617. An
output 654 of the MUX 617, with seven parallel bit
positions (not shown) is connected to an output (6:0)
buss 656. The output buss 656 transmits parallel



WO 98/15891 PCT/US97/17763

10

15

20

25

30

35

35

outgoing (6:0) bytes from the converter 600 in a
direction indicated by an arrow 658 to a phasor (not
shown) .

The control 619, on receipt of a count "0" generates
a delay of a half-count interval "t/2" (indicated at 66
in FIG. 4) and then applies a half-count signal
(indicated at 68 in FIG. 4) to a lead 660. The lead 660
is coupled to an input (designated SEL-C1l) of the MUX
617. When a half-count signal is applied via the lead
660 to the MUX 617, its center input 612 is selected and
the seven parallel bits "0"-"6", but not the bits "7",
"g"  then stored in the current data f£lip flop 610 are
transferred through the MUX 617 to the output buss 656.
The sets of "current data" bits "0"-"6" are represented
by the shaded areas 511, 521, 531, etc. of the bit chart
500 of FIG. 11, and are respective output (6:0) bytes
outputted by the converter 600 on each half-count after a
count "QO".

The control 620 on receipt of a count "6" generates
a delay of a half-count interval 66 and then applies a
"half-count" signal to a lead 662 to an input (designated
SEL-C2) of the MUX 617. When a "half-count" signal is
applied via the lead 662 to the MUX 617, its lower input
627 is selected and the seven parallel bits then stored
under "current data" in bit positions "1"-"7" but not in
positions "O", "8", are transferred through the MUX 617
to the output buss 656. The sets of "current data" bits
"ir-n7n are represented by the shaded area 515, 525, etc.
of the bit chart 500.

As seen in FIG. 11, each of the MUXs 616 is a seven-
position switch. Transposed counts in the sequence "0",
wgn, omgn o owgw man o om3m o wpn  gnd repeat, are applied to
each MUX 616 at respective binary inputs "A", "B", "C",
via the buss 640 from the counter 618. On a count "O"
each bit input "DO" of each MUX 616 is connected to the
respective output "Y"; on a count "2", bit input "D2" is
connected to "Y"; on a count "4", bit input "D4" is

connected to "Y"; on a count "6é", "D6" is connected to
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"y". on a count "1", "D1" is connected to "Y"; on a count
"3", "D3" is connected to "Y"; and on a count "5", "D5"

is connected to "Y', and then the sequence is repeated.
Therefore, depending on which bit positions of the
respective outputs of the current data flip flop 610 and
the remainder data flip flop 612 are coupled (via the
busses 624 and 630) to the forty-nine respective inputs
"DO"-"D6", the seven MUXs 616 select clock count by clock
count a desired set of seven bits of data (see the shaded
areas of the bit chart 500 of FIG. 10) and output them as
a respective (6:0) outgoing byte.

The following Table 3 shows permanent wiring
connections within the converter 600 running according to
predetermined patterns from output bit positions of the
current data flip flop 610 and of the remainder data flip
flop 612, to respective ones of the forty-nine inputs
"DO"-"D6" of the seven MUXs 616.

TABLE 3

Row Count Inputs MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
No. No.

1 0 DO R2 R3 R4 R5 R6 R7 R8
2 2 D2 R7 R8 0 1 2 . 3 4
3 4 D4 R5 R6 R7 R8 0 1 2
4 6 D6 R3 R4 R5 R6 R7 R8 0
5 1 D1 R8 0 1 2 3 4 5
6 3 D3 R6 R7 R8 0 1 2 3
7 5 D5 R4 R5 R6 R7 R8 0 1

Table 3 is arranged in 10 vertical columns, with
respective headings, and in 7 horizontal rows numbered 1-
7. Note the transposed sequence of counts in the second
column, and of the inputs in the third column. For
simplicity of explanation, here (and in FIG. 11) 7 bit
positions "R2"-"R8" (but not positions "RO", "R1") of the
remainder data flip flop 612 have been given alpha-
numeric designations "R2"-"R8", and only the first 7 bit
positions of the current data flip flop 610 have been
given numeric-only designation "O"-"6".

Row 1 of the Table 3 shows that the input "DO"
(column 3) of the MUX 1 (column 4) on a count "0" (column
2) is coupled to "R2" (bit position "2" of the remainder
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data flip flop 612). Similarly, input "DO" of MUX 2 is
coupled to "R3" and so on across the row 1. These
connections are exactly the same as those shown in FIG.
11. Row 2 of the Table 1 similarly shows that the inputs
"D2" of the seven MUXs 1-7 are coupled respectively to
bit position "R7","R8" of the remainder data flip flop
612, and to bit positions "0"-"4" of the current data
flip flop 610. The Table 3 continues row by row to the
seventh row and shows all of the connections to all of
the forty-nine inputs "DO"-"D6" of the MUXs 1-7 (FIG. 11)
from the flip flops 610 and 612. These input connections
(which are coupled in sets clock count by clock count to
the outputs "Y" of the seven MUXs 1-7) are derived
(predetermined by) from the bit chart 500 of FIG. 10.

Referring now to FIG. 12, there is shown a bit chart
700 which graphically illustrates the operation of a 7
bit to 9 bit (7:9) converter shortly to be described
(FIG. 13). This bit chart is easily understood from the
explanations given previously in connection with the bit
charts of FIGS. 5, 8 and 10, and from the following
description. The bit chart 700 of FIG. 12 is arranged in
vertical columns designated by headings "a", "b", "c",
etc., in a top horizontal row indicated at 702. Beneath
this row is another row indicated at 704, showing
successive transposed counts "1", "3", "5", "EOP", "O",
ngw,  mgm mgnw "NOP", and then (at column "k") repeating
i, w3n  etc., In column "a" of the bit chart 700 there
are eight bit positions "O"-"7" designated "remainder
data" and, below a horizontal line 706, eight bit
positions "0"-"7" designated "current data". These bit
positions represent respective positions of the bits in
successive incoming 8-bit bytes (only seven of which bits
are actually used).

In column "b", for count "1" a two-part shaded area
720 includes the remainder data bits "z0"-"z6" (but not
"z7") and the current data bits "aO", "al" for a set of
nine bits. This set is outputted on a count "1" by the
(7:9) converter (FIG. 13) as a first outgoing (8:0) byte
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(not shown). Similarly, sets of bits in a two-part
shaded area 721, and a two-part shaded area 722 are
outputted as (8:0) bytes on counts "3" and "5"
respectively. After count "5", there is an interval or
count designated "EOP" ("extra no-operation") which is
introduced to allow for sufficient additional bits to be
inputted to the (7:9) converter. A reason for this was
explained previously in connection with the bit chart 300
(FIG. 8) and will be further explained hereinafter. It
is noted that in the bit chart 700, column "d", under
"current data", the single bit "cé6" is transferred during
count "EOP", as indicated by an arrow 708, to the top of
column "f" to an extra bit position (not otherwise
designated). This will be further explained hereinafter.
Thus in column "f" a nine bit set comprising "cé", "do"-
"de", and "e0" are included within a two-part shaded area
723 and are outputted on a count "0". Columns "g", "h"
and "i" show two-part shaded areas 724, 725 and 726
having sets of bits which are outputted as (8:0) bytes on
regspective counts "2", "4", "6". After a count "6" there
igs a "NOP" (no-operation) interval or count, which will
also be further explained hereinafter.

In column "k" of the bit chart 700, the count
sequence "1", "3", etc., is repeated, and so on. Two-
part shaded areas 730-736 show respective sets of 9 bits
each which are outputted on counts "1", "3",6 wgw ngn,
nam, mgn,  mwg" ag regpective 9 bit bytes. Note again that
the bits in positions "7" of remainder data, as well as
bits in position "7" of current data have been eliminated
from the outgoing 9-bit bytes. These extra bits (now
removed) were previously in the incoming data stream for
functions unrelated to the data bytes. The outgoing 9-
bit bytes represented by the two part shaded areas of the
bit chart 700 are recognizable as valid data by LINK/2
equipment.

Referring now to FIG. 13, there is shown in
schematic circuit form a (7:9) bit converter 800. The

converter 800 comprises a first (current data) flip flop
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810, a second (remainder data) flip flop 812, a one-bit
flip flop 813, a switch array of nine identical multiplex
(MUX) units 816 designated: MUX "1"- MUX "9"; an output
flip flop 817, a binary counter 820 and a control 822 for
supplying an "EOP" count after a count "5" (see column
"c"" of the bit chart 700) and a "NOP" count after a
count "6" (see column "j" of the bit chart 700). The
flip-flops 810, 812, 813, and 817, the counter 820 and
the control 822 are controlled by clock signals (not
shown) applied to respective inputs (not shown) which are
connected to a common clock-signal (CLK) lead 821. The
MUXs 816 each have seven data bit inputs "DO"-"D6" and a
single bit output "Y' designated respectively "0"-"8" for
the MUXs 1-9. Each of these flip flops, counter, control
and MUXs is well known in the art.

The first flip flop 810 receives as indicated by an
arrow 802 from a source (not shown) incoming 8-bit
parallel bytes as "current data" via an input buss 804
having 8 bit paths (7:0) in parallel. The 8 bits of each
incoming byte (only 7 bits being actually used) are
momentarily stored during each clock count in respective
bit positions (not shown) within the flip flop 810.
Respective bit outputs (not shown) of the flip flop 810
are coupled to a "current data" buss 824 having 8
parallel paths (7:0) The current data buss 824 is
connected to 8 respective input bit positions (not shown)
of the second flip flop 812. Various ones of the
parallel paths (hereinafter designated "0"-"6") within
the current data buss 824 are connected to selected ones
of inputs designated "DO" to "Dé" of the eight MUXs 816,
as will presently be described in further detail.

The second flip flop 812 momentarily . .stores as
"remainder data" the 8 bits of a byte transferred to it
on each clock count from the current data flip flop 810.
Selected bit outputs (eight in number) of the second flip
flop 812 are respectively coupled to a "remainder data"
buss 830 having 8 parallel paths (7:0) Various ones of
seven parallel paths (hereinafter designated "RO"-"R6")
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within the buss 830 are connected to selected ones of the
inputs "DO"-"D6" of the nine MUXs 816, as will presently
be described in further detail. Path "R6" of the buss
830 is connected to a single input bit position (not
shown) of the flip flop 813.

The counter 820 is a three-bit binary counter having
bit outputs indicated at "QO", "Q1" and "Q2" as shown.
Each of these outputs "QO0". "Q1" and "Q2" (representing
bits "o", "1", and "2") is respectively coupled to
separate paths 836, 837 and 838, of a "count" buss 840
The paths 836, 837, 838 (representing respective bit
positions "0", "1" and "2" of the counter 820) of the
count buss 840 are coupled in transposed order to
respective ones of clock-inputs "A", "B", "C’', of the
respective MUXs 816. Thus path 836 is coupled to inputs
"C", the path 837 to inputs "A", and the path 838 to
inputs "B" of the MUXs 816. Similarly, at a right end of
the buss 840 the paths 836, 837, 838 are also connected
in transposed order to respective bit positions "1i", "2"
and "0" of inputs (not shown) of the control 822.

Each of the nine MUXs 816 (MUX 1-9) has a single-bit
output "Y" (designated respectively "0" for MUX 1, to "8"
for MUX 9). Each output "Y" is coupled respectively to
one of parallel bit paths 841-849 of a (8:0) data buss
850. A right end of the data buss 850 is connected to an
input 852 of the flip flop 817, the separate paths 841-
849 of the buss 850 being connected to respective input
bit positions "0"-"8" (not shown) of the flip flop 817.
An output 854 of the flip flop 817, with "0"-"8" parallel
bit positions (not shown) is connected to an output (8:0)
buss 856. The output buss 856 transmits parallel
outgoing (8:0) bytes from the converter 800 in a
direction indicated by an arrow 857 to a phasor (not
shown) .

The control 822, on receipt of a count "5" generates
a delay of a full-count interval "t" (indicated at 65 in
FIG. 4) and then generates a count "EOP" (see column "e"
of the bit chart 700 of FIG. 12. During the count "EOP",
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the control 822 applies an inhibit signal to a lead 860.
The lead 860 is coupled to an input (designated CE) of
the flip flop 817. When an inhibit signal is applied via
the lead 860 to the flip flop 817, it is unable to accept
data from the buss 850 and so no data is outputted to the
buss 856 during a count "EOP".

Shortly before the beginning of a count "EOP", and
before the end of a count "5", the control 822 generates
a short duration "clock-skip" signal which it applies via
a lead 862 to the counter 820. This clock-skip signal
causes the next incoming clock signal to the counter 820
to be suppressed. The counter 820 therefore pauses at
count "5" during a count "EOP", and on a next clock
signal proceeds to a count "0" (see columns "e" and "f"
of the bit chart 700 of FIG. 12).

The control 822 on receipt of a count "6" generates
(after a full count "6" delay) a count "NOP" (see column
"j" of the bit chart 700). During the count "NOP" the
control 822 similarly applies another inhibit signal via
the lead 860 to the flip flop 817, and before the end of
the count "6" the control 822 generates another short
duration "clock-skip" signal which it applies via the
lead 862 to the counter 820. The counter 820 pauses
during a count "NOP" and then proceeds to a count "1"
(see columns "j" and "k" of the bit chart 700), and so
on.

As seen in FIG. 13, each of the MUXs 816 is a seven-
position switch. Counts "1", "3", 5w, wgw, 6 wanw - wgnw,
"6", are applied to each MUX 816 at respective binary
inputs "A", "B", "C" via the buss 840 from the counter
820. On a count "1" each bit input "D1" of each MUX 816
is connected to the respective output "Y"; on a count
"3", bit input "D3" is connected to "Y"; on a count "5",
input "D5" is connected to "Y"; on a count "O" input "DO"
is connected to "Y"; on a count "2" input "D2" is
connected to "Y"; on a count "4" input "D4" is connected
to "Y"; and on a count "6" input "D6" is connected to
"Y"; and so on count after count. It is noted that a
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single remainder data bit "Ré6" is applied via the buss
830 to an input (not shown) of the one-bit flip flop 813.
An output (not shown) of the flip flop 813 is coupled via
a lead 815 to the input "DO" of the first MUX 816.

Before an "EOP" or a "NOP" count, a single bit (such as
"c6" of column "j", or as bit "1lé6" of column "m" of bit
chart 700) is transferred on a count "5" to the remainder
data flip flop 812 and during "EOP" or "NOP" then
transferred to the flip flop 813 (as indicated by the
arrows 708 of the bit chart 700). On a count "O0" this
bit (which is hereinafter designated single bit "SB") is
outputted along with eight other bits of a set as shown
by the respective two-part shaded areas 723, 733, etc. of
the bit chart 700. Therefore, depending on which bit
positions of the respective outputs of the current data
flip flop 810, and the remainder data flip flop 812, are
coupled (via the busses 824 and 830) to the sixty-three
respective inputs "DO"-"D6", the nine MUXs 816 select
clock count by clock count a desired set of nine bits of
data (see the two part shaded areas of the bit chart 700
of FIG. 14) and apply them (at respective outputs "Y") in
parallel to the buss 850 and the flip flop 817.

The following Table 4 shows permanent wiring
connections within the converter 800 running according to
predetermined patterns from output bit positions of the
current data flip flop 810, of the remainder data flip
flop 812, and of the flip flop 813 to respective ones of
the sixty-three inputs "DO"-"Dé6" of the nine MUXs 816.

TABLE 4
Row Count
No No Inputs MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7 MUX8 MUX9

11 D1 RO R1 R2 R3 R4 R5 R6 0 1
2 3 D3 R2 R3 R4 R5 R6 o . 1 2 3
3 5 D5 R4 R5 R6 0 1 2 3 4 5
4 0 DO SB RO R1 R2 R3 R4 R5 R6 0
5 2 D2 R1 R2 R3 R4 R5 R6 0 1 2
6 4 D4 R3 R4 R5 R6 0 1 2 3 4
7 6 5 6

D6 R5 R6 0 1 2 3 4

Table 4 is arranged in 12 vertical columns, with
respective headings, and in 7 horizontal rows numbered 1-
7. Note the transposed sequence of counts in the second
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column, and of the inputs in the third column. For
simplicity of explanation, here (and in FIG. 13) 7 bit
positions "RO"-"R6" (but not position "R7") of the
remainder data flip flop 812 have been given alpha-
numeric designations "RO"-"R6", and only the first 6 bit
positions of the current data flip flop 810 have been
given numeric-only designation "0"-"6". A single bit
from the flip flop 813 is designated "SB" (see row 4, MUX
1).

Row 1 of the Table 4 shows that the input "Di"
(column 3) of the MUX 1 (column 4) on a count "1" (column
2) is coupled to "RO" (bit position "O" of the remainder
data flip flop 812). Similarly, input "D1" of MUX 2 is
coupled to "R1" and so on across the row to "0O" for MUX
8, and "1" for MUX 9. These connections are exactly the
same as those shown in FIG. 13. Row 2 of the Table 4
similarly shows that the inputs "D3" of the nine MUXs 1-9
are coupled respectively to bit positions "R2"-"R6" of
the remainder data f£lip flop 812, and to bit positions
mor-n3n of the current data flip flop 810. The Table 4
continues row by row to the seventh row and shows all of
the connections to all of the sixty-three inputs "DO"-
"D6" of the MUXs 1-9 (FIG. 13) from the flip flops 810,
812 and 813. These input connections (which are coupled
in sets clock count by clock count to the outputs "Y" of
the nine MUXs 1-9) are derived (predetermined by) from
the bit chart 700 of FIG. 12. The bit chart 700 clearly
shows (using equivalent terminology) the various
connections listed in the Table 4. The two-part shaded
areas 720, 721, 722, show bit sets corresponding
respectively to those of rows 1, 2, 3 of Table 4; the two
part shaded areas 723, 724, 725, 726, show bit sets
corresponding to rows 4, 5, 6, 7, respectively.

Referring now to FIG. 14, there is shown a bit chart
900 which illustrates graphically how incoming 8-bit
bytes (only seven of the bits being actually used) are
converted to 8-bit bytes by a 7 bit to 8 bit (7:8)
converter to be described shortly (FIG. 15). This bit
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chart is easily understood from the explanations given
previously in connection with the bit charts of FIGS. 5,
8, 10, and 12 and from the following description. The
bit chart 900 of FIG. 14 is arranged in vertical columns
designated by headings "a", "b", "c", etc., in a top
horizontal row indicated at 902. Beneath this row is
another row indicated at 904, showing sequential counts
"Q/NOP", m"1v, nw2w mw3w,  wgw wgw wge w7 and then (at
column "j") repeating "O0/NOP", "1", "2", etc. In column
"a" of the bit chart 900 there are eight bit positions
"or-"7" designated "remainder data" and, below a
horizontal line 906, eight bit positions "O"-"7"
designated "current data". These bit positions represent
respective positions of the bits in successive incoming
8-bit bytes (only seven of which bits are actually used).

In column "b", for a count "0/NOP" there are shown
current data bits "aO"-"a7" but no bits (only bit
positions "1"-"7") are shown as "remainder data" since it
is agssumed that a byte "a" is the first one inputted.
After being transferred from "current data" to "remainder
data" (column "c¢") the bits "a0"-"aé", but not "a7, and a
bit "bO" under "current data" are outputted as an eight
bit set on a count "1" by the (7:8) converter (FIG. 15)
as a first outgoing (7:0) byte (not shown). This is
represented by a two part shaded area 910 of column "c".
Similarly, sets of bits in respective two-part shaded
areas 911-916, are outputted as (7:0) bytes on successive
counts "2v, uw3w, mwgmw - wgw wgw and "7", After count "7",
there is another count "0/NOP" (column "j") which is
introduced to allow for sufficient additional bits to be
inputted to the (7:8) converter. A reason for this was
explained previously in connection with the bit chart 300
(FIG. 8) and will be further explained hereinafter.

In column "j" of the bit chart 900, the count
sequence "0/NOP", "1, "2", "3", etc., is repeated, and
so on. Two-part shaded areas 920-926 show respective
sets of 8 bits each which are outputted on counts "1",
mam, m3n  etc., as seven respective 8 bit bytes. Note
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again that the bits in position "7" of remainder data, as
well as bits in position "7" of current data have been
eliminated from the outgoing 8-bit bytes. These extra
bits (now removed) were previously in the incoming data
stream for functions unrelated to the data bytes.

Referring now to FIG. 15, there is shown in
gschematic circuit form a (7:8) converter 1000. The
converter 1000 comprises a first (current data) flip flop
1010, a second (remainder data) flip flop 1012, a switch
array of eight identical multiplex (MUX) units 1016
designated: MUX "1i"- MUX "8"; an output flip flop 1017, a
binary counter 1020 and a control 1022 for supplying a
"0/NOP" count after a count "7" (see column "j" of the
bit chart 900). The flip-flops 1010, 1012, and 1017, the
counter 1020 and the control 1022 are controlled by clock
signals (not shown) applied to respective inputs (not
shown) which are connected to a common clock-signal (CLK)
lead 1021. The MUXs 1016 each have seven data bit inputs
"D1"-"D7" (but not "DO") and a single bit output "Y"
designated respectively "0"-"7" for the MUXs 1-8. Each
of these flip flops, counter, control and MUXs is well
known in the art.

The first flip flop 1010 receives as indicated by an
arrow 1002 from a source (not shown) incoming 8-bit
parallel bytes as "current data" via an input buss 1004
having 8 bit paths (7:0) in parallel. The 8 bits of each
incoming byte (only 7 bits being actually used) are
momentarily stored during each clock count in respective
bit positions (not shown) within the flip flop 1010.
Respective bit outputs (not shown) of the flip flop 1010
are coupled to a "current data" buss 1024 having 8
parallel paths (7:0) The current data buss 1024 is
connected to 8 respective input bit positions (not shown)
of the second flip flop 1012. Various ones of parallel
paths (hereinafter designated "0"-"6") within the current
data buss 1024 are connected to selected ones of inputs
designated "D1" to "D7" of the eight MUXs 1016, as will
presently be described in further detail.
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The second flip flop 1012 momentarily stores as
"remainder data" the 8 bits of a byte transferred to it
on each clock count from the current data flip flop
1010. Selected bit outputs (eight in number) of the
second flip flop 1012 are respectively coupled to a
"remainder data" buss 1030 having 8 parallel paths (7:0)
Various ones of seven parallel paths (hereinafter
designated "RO"-"R6") within the buss 1030 are connected
to selected ones of the inputs "D1"-"D7" of the eight
MUXs 1016, as will presently be described in further
detail. Note that remainder data bit "R7" is never used.

The counter 1020 is a three-bit binary counter
having bit outputs indicated at "Q0", "Q1" and "Q2" as
shown. Each of these outputs "QO0". "Q1" and "Q2"
(representing bits "0", "1", and "2") is respectively
coupled to separate paths 1036, 1037 and 1038, of a
"count" buss 1040 . The paths 1036, 1037, 1038
(representing respective bit positions "0", "1" and "2"
of the counter 1020) of the count buss 1040 are coupled
to respective ones of clock-inputs "A", "B", "C’ of the
respective MUXs 1016. Thus path 1036 is coupled to
inputs "A", the path 1037 to inputs "B", and the path
1038 to inputs "C" of the MUXs 1016. Similarly, at a
right end of the buss 1040 the paths 1036, 1037, 1038 are
also connected in sequence to respective bit positions
ngn, m"1v and "2" of inputs (not shown) of the control
1022,

Each of the eight MUXs 1016 (MUX 1-8) has a single-
bit output "Y" (designated respectively "0" for MUX 1, to
n7n for MUX 8). Each output "Y" is coupled respectively
to one of parallel bit paths 1041-1048 of a (7:0) data
buss 1050. A right end of the data buss 1050 is
connected to an input 1052 of the flip flop 1017, the
separate paths 1041-1048 of the buss 1050 being connected
to respective input bit positions "0"-"7" (not shown) of
the flip flop 1017. An output 1054 of the flip flop
1017, with "0"-"7" parallel bit positions:(not shown) is
connected to an output (7:0) buss 1056. The output buss
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1056 transmits parallel outgoing (7:0) bytes from the
converter 1000 in a direction indicated by an arrow 1057
to a phasor (not shown).

The control 1022, on receipt of a count "0" from the
counter 1020 generates an inhibit signal which it applies
to a lead 1060. The lead 1060 is coupled to an input
(designated CE) of the flip flop 1017. When an inhibit
signal is applied via the lead 1060 to the flip flop
1017, it is unable to accept data from the buss 1050 and
so no data is outputted to the buss 1056 during a count
"0/NOP".

As seen in FIG. 15, each of the MUXs 1016 is a

seven-position switch. Counts "0/NOP", ®iv,6 nw2n n3n,
wgr, wn wgn  and "7" are applied to each MUX 1016 at
respective binary inputs "A", "B", "C" via the buss 1040

from the counter 1020. On a count "1" each bit input
"D1" of each MUX 1016 is connected to the respective
output "Y"; on a count "2" bit input "D2" is connected to
"Y"; on a count "3", bit input "D3" is connected to "Y";
on a count "4", input "D4" is connected to "Y"; on a
count "5" input "D5" is connected to "Y"; on a count "é"
input "Dé" is connected to "Y"; and on a count "7" input
"D7" is connected to "Y"; and so on count after count.
Therefore, depending on which bit positions of the
respective outputs of the current data flip flop 1010,
and the remainder data flip flop 1012, are coupled (via
the busses 1024 and 1030) to the fifty-six respective
inputs "D1"-"D7", the eight MUXs 1016 select clock count
by clock count a desired set of eight bits of data (see
the two part shaded areas of the bit chart 900 of FIG.
14) and apply them (at respective outputs "Y") in
parallel to the buss 1050 and the flip flop 1017.

The following Table 5 shows permanent wiring
connections within the converter 1000 running according
to predetermined patterns from output bit positions of
the current data flip flop 1010, of the remainder data
flip flop 1012, to respective ones of the fifty-six
inputs "D1"-"D7" of the eight MUXs 1016.
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TABLE 5

Row Count Inputs MUX1l MUX2 MUX3 MUX4 MUX5 MUX6 MUX7 MUXS8
No. No.

1 1 D1 RO R1 R2 R3 R4 R5 R6 0
2 2 D2 R1 R2 R3 R4 R5 R6 0 1
3 3 D3 R2 R3 R4 R5 R6 0 1 2
4 4 D4 R3 R4 R5 R6 0 1 2 3
5 5 D5 R4 R5 R6 0 1 2 3 4
6 6 D6 R5 R6 0 1 2 3 4 5
7 7 D7 R6 0 1 2 3 4 5 6

Table 4 is arranged in 11 vertical columns, with
respective headings, and in 7 horizontal rows numbered 1-
7. Note the straight sequence of counts in the second
column, and of the inputs in the third column (no count
"ov", and no input "DO"). For simplicity of explanation,
here (and in FIG. 15) 7 bit positions "RO"-"R6" (but not
position "R7") of the remainder data flip flop 1012 have
been given alpha-numeric designations "RO"-"Ré6", and only
the first 6 bit positions of the current data flip flop
1010 have been given numeric-only designation "or-n"gn,

Row 1 of the Table 5 shows that the input "D1"
(column 3) of the MUX 1 (column 4) on a count "1" (column
2) is coupled to "RO" (bit position "0" of the remainder
data flip flop 812). Similarly, input "D1" of MUX 2 is
coupled to "R1" and so on across the row to "0" for MUX
8. These connections are exactly the same as those shown
in FIG. 15. The Table 5 continues row by row to the
seventh row and shows all of the connections to all of
the fifty-six inputs "D1"-"D7" of the MUXs 1-8 (FIG. 15)
from the flip flops 1010 and 1012. These input
connections (which are coupled in sets clock count by
clock count to the outputs "Y" of the eight MUXs 1-8) are
derived (predetermined by) from the bit chart 900 of FIG.
14. The bit chart 900 clearly shows (using equivalent
terminology) the various connections listed in the Table
5. The two-part shaded areas 910-916 and 920-926 show
bit sets corresponding respectively to those of rows 1,
2, 3, 4, 5, 6, 7 of Table 5.

It will now be appreciated that the five bit charts
of FIGs. 5, 8, 10, 12 and 14 illustrate general



WO 98/15891 PCT/US97/17763

io0

15

20

25

30

35

49

principles of the invention along with specific details
pertinent to each bit chart and its associated converter
(see respective FIGs. 6, 9, 11, 13 and 15). The various
bits of incoming bytes (having a given number of bits)
are momentarily stored in bit positions in memory as
"current data" and as "remainder data". On each outgoing
count a set of bits (either greater or sméller in number
than the given number) which are then stored as current
data, remainder data, or both is outputted as an outgoing
byte. Each such set of bits (represented by
corresponding shaded areas in the bit charts) is
predetermined by sets of paths from the memory bit
positions to inputs of switching means (MUXs) which on
each count connect the inputs in a desired sequence to an
output where each set of bits is applied in parallel as
an outgoing byte. This continues count after count until
the last incoming byte is converted. Compensation is
periodically made to equalize the total number of
outgoing bits with the total number of incoming bits
during an elapsed time interval. The sets of bits which
become the outgoing bytes are processed "on-the-fly"
virtually instantaneously so that there is no queuing of
data. Each outgoing bit corresponds exactly to its
incoming counterpart and absolute accuracy in the
conversion of bytes is obtained. In specific embodiments
of the invention the respective bit charts show how
incoming 9 bit bytes are converted to outgoing 8 bit
bytes (FIG. 5), how 8 bit bytes are converted to 9 bit
bytes (FIG. 8), how 9 bit bytes are converted to 7 bit
bytes (FIG. 10), how 7 bit bytes are converted to 9 bit
bytes (FIG. 12), and how 7 bit bytes are converted to 8
bit bytes (FIG. 14).

The converters of FIGs. 6, 9, 11, 13 and 15 are
constructed from elements well known in the art. Thus,
the various MUXs of the converters are readily assembled
from individual "gate" elements in a field programmable
gate array (FPGA). An FPGA is commercially available
from several manufacturers as an integrated circuit (IC)
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containing thousands of individual gates. A single FPGA
integrated circuit is easily connected internally, as is
well known in the art, to provide for all of the MUXs
(and associated inputs and output connections) for all of
the converters disclosed herein. The cost of "hardware"
for all of these converters is therefore kept low.

It is to be understood that various changes or
modifications in the apparatus and method of the
invention as set forth may occur to those skilled in the
art, and these may be made without departing from the
spirit and scope of the invention as defined by the
accompanying claims.
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What is Claimed is:

1. Apparatus (60; 220; 600; 800; 1000) for
converting clock count by clock count incoming parallel
bytes having a given number of bits to parallel outgoing
bytes having a different number of bits, the apparatus
comprising:

first and second memory means (110, 112; 410,
412; 610, 612; 810, 812; 1010, 1012) for momentarily
storing in bit positions clock count by clock count
respective bits of successive incoming bytes as current
data and as remainder data, the first and second memory
means having respective output bit positions;

switch means (MUXs), having a plurality of
outputs and having multiple inputs respective to each
output, for switching clock count by clock count selected
ones of the inputs to the plurality of outputs, the
multiple inputs being coupled to selected ones of bit
positions of the first and second memory means;

output means (118; 418; 617; 817; 1017), having
a plurality of input bit positions, for outputting clock
count by clock count bytes each having a different number
of bits from the number in each incoming byte, the input
bit positions of the output means being coupled to
respective ones of the plurality of outputs of the switch
means;

counter means (120; 420; 618; 820; 1020)
coupled to the switch means for controlling clock count
by clock count the switching of inputs to outputs of the
switch means; and

control means (122; 422; 619, 620; 822; 1022),
having an input coupled to the counter means and an
output coupled to the output means, for periodically
equalizing the total number of bits outputted as bytes by
the output means within a given interval of time with the
total number of bits inputted as bytes to the first and
second memory means during the given time, such that the

incoming bytes are almost instantly converted clock count
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by clock count to outgoing bytes and the bits of the
outgoing bytes are in a desired numerical sequence.

2. The apparatus of claim 1 wherein the switch
means comprises a plurality of multiplex units (MUXs),
each MUX having a number of inputs coupled by
predetermined paths to respective output bit positions of
the first and second memory means, each MUX having an
output coupled respectively to an input bit position of
the output means, and the number of such MUXs equaling a
desired number of bits in an outgoing byte.

3. The apparatus of claim 2 wherein:

the output means is an output multiplex unit
having an output and having first and second inputs, each
input having a plurality of bit positions, the multiplex
unit having a control input for selecting the first or
second input, the respective bit positions of the first
input being coupled to the plurality of outputs of the
MUXs of the switch means, respective bit positions of the
second input of the output multiplex unit being coupled
to selected output bit positions of the first memory
means; and

the control means after receipt of a count from
the counter means generating a half-count signal, the
control means having an output coupled to the control
input of the output multiplex unit to which the half-
count signal is applied, which signal selects the second
input of the output multiplex unit, such that an extra
byte comprised of bits from the first memory means is
outputted on a half-count signal by the output multiplex
unit.

4, The apparatus of claim 2 wherein:

the output means is a memory flip flop having a
multi-bit input, a multi-bit output and a control input,
the multi-bit input being coupled to the respective
outputs of the MUXs of the switch means, and the control
input being coupled to the output of the control means;
and
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the control means on receipt of a predetermined
count from the counter means generating a no-operation
(NOP) count and applying this NOP count as a signal to
the control input of the memory £lip flop to inhibit it
from receiving data from the switch means MUXs thereby
preventing the flip flop from outputting a byte during a
count NOP such that the number of bits outputted equals
the number of bits inputted during a given time.

5. The apparatus of claim 1 wherein the first and
second memory means are first and second flip flops
having input and output bit positions corresponding to
bit positions of incoming bytes, the output bit positions
of the first flip flop being coupled to respective bit
positions of the second flip flop, output bit positions
of the first and second flip flops being coupled via
predetermined paths to respective inputs of the switch
means.

6. Apparatus (60; 120; 600; 800; 1000) for
continually converting on-the-fly incoming parallel bytes
having a given number of bits into outgoing bytes having
a different number of bits, the apparatus comprising:

input means (123; 423; 604; 804; 1004) to
supply clock count by clock count incoming bytes;

first and second memory flip flops (110, 112;
410, 412; 610, 612; 810, 812; 1010, 1012) coupled to the
input means for momentarily storing in bit positions
clock count by clock count respective bits of successive
incoming bytes as current data and as remainder data, the
first and second flip flops having respective output bit
positions;

a plurality of multiplex units (MUXs), each MUX
having an output and having a set of multiple inputs
respective to its output, the multiple inputs being
connectable through the MUXs to the plurality of outputs,
the multiple inputs being coupled in a predetermined
pattern of respective paths to selected ones of bit
positions of the first and second flip flops;
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output means (118; 418; 617; 817; 1017), having
a plurality of input bit positions, for outputting clock
count by clock count outgoing bytes each having a
different number of bits from the number in each incoming
byte, the input bit positions of the output means being
coupled to respective ones of the plurality of outputs of
the MUXs;

counter means (120; 420; 618; 820; 1020)
coupled to each of the MUXs for controlling clock count
by clock count the connecting of sets of inputs to
regpective outputs of the MUXs; and

control means (122; 422; 619, 620; 822; 1022)
coupled to the counter means and coupled to the output
means, for periodically equalizing the total number of
bits outputted as bytes by the output means within a
given interval of time with the total number of bits
inputted as bytes to the first and second flip flops
during the given time, such that the incoming bytes are
almost instantly converted clock count by clock count to
outgoing bytes and the bits of the outgoing bytes are in
a desired numerical sequence.

7. The apparatus of claim 6 wherein the respective
bits of incoming bytes stored clock count by clock count
as current data and as remainder data are arranged as
continual data flow in a bit chart (70; 300; 500; 700;
900) having columns showing successive counts and having
rows showing bit positions of remainder data and bit
positions of current data for each respective count, the
desired bits to be outputted as successive bytes are
grouped into identified sets in the respective columns
clock count by clock count, and the predetermined pattern
of respective paths coupling multiple inputs of the MUXs
to selected ones of bit positions of the first and second
flip flops are in accordance with the bit chart.

8. Apparatus (60; 600) for converting clock count
by clock count incoming parallel bytes having a given
number of bits to parallel outgoing bytes having a
smaller number of bits, the apparatus comprising:
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first and second memory means (110, 112; 610,
612) for momentarily storing in bit positions clock count
by clock count respective bits of successive incoming
bytes as current data and as remainder data, the first
and second memory means having respective output bit
positions; '

switch means (MUXs), having a plurality of
outputs and having multiple inputs respective to each
output, for switching clock count by clock count selected
ones of the inputs to the plurality of outputs, the
multiple inputs being coupled to selected ones of bit
positions of the first and second memory means;

output means (118; 617), having a control input
(160; 660, 662) and having a first and a second data
input (152, 126; 652, 626, 627) each with a plurality of
input bit positions, for outputting clock count by clock
count bytes each having a smaller number of bits from the
number in each incoming byte, the first input bit
positions of the output means being coupled to respective
ones of the plurality of outputs of the switch means; the
second input bit positions being coupled to selected ones
of output bit positions of the first memory means;

counter means (120; 618) coupled to the switch
means for controlling clock count by clock count the
switching of inputs to outputs of the switch means; and

control means (122; 619, 620), having an input
coupled to the counter means and an output coupled to the
control input of the output means, for periodically
equalizing the total number of bits outputted as bytes by
the output means within a given interval of time with the
total number of bits inputted as bytes to the first and
second memory means during the given time, the control
means after receipt of a predetermined count from the
counter means generating a half-count signal, and
applying same to the control input of the output means,
which signal selects the second data input of the output
means, such that an extra byte comprised of bitg from the
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first memory means is outputted on a half-count signal by
the output means.

9. Apparatus (220; 800; 1000) for converting clock
count by clock count incoming parallel bytes having a
given number of bits to parallel outgoing bytes having a
larger number of bits, the apparatus comprising:

first and second memory means (410, 412; 810,
812; 1010, 1012) for momentarily storing in bit positions
clock count by clock count respective bits of successive
incoming bytes as current data and as remainder data, the
first and second memory means having respective output
bit positions;

switch means (MUXs), having a plurality of
outputs and having multiple inputs respective to each
output, for switching clock count by clock count selected
ones of the inputs to the plurality of outputs, the
multiple inputs being coupled to selected ones of bit
positions of the first and second memory means;

output means (418; 817; 1017) having a control
input and, having a plurality of input bit positions, for
outputting clock count by clock count bytes each having a
larger number of bits from the number in each incoming
byte, the input bit positions of the output means being
coupled to respective ones of the plurality of outputs of
the switch means;

counter means (420; 820; 1020) coupled to the
switch means for controlling clock count by clock count
the switching of inputs to outputs of the switch means;
and

control means (422; 822; 1022), having an input
coupled to the counter means and an output coupled to the
control input of output means, for periodically
equalizing the total number of bits outputted as bytes by
the output means within a given interval of time with the
total number of bits inputted as bytes to the first and
second memory means during the given time, the control
means on receipt of a predetermined count from the
counter means generates a no-operation (NOP) count and
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applies this NOP count a signal to the control input of
the memory flip flop which inhibits same from receiving
data from the switch means prevents the output means from
outputting a byte during a count NOP such that the number
of bits outputted equals the number of bits inputted
during a given time.

10. A method (70; 300; 500; 700; 900) of converting
incoming parallel bytes having a given number of bits
into outgoing parallel bytes having a different number of
bits comprising the steps of:

momentarily storing clock count by clock count
as current data and as remainder data respective bits of
successive incoming bytes each having a given number of
bits;

selecting clock count by clock count respective
ones of bits stored as current data or as remainder data,
or both and grouping the bits selected each count into a
set having a different number of bits from the number in
each incoming byte;

outputting clock count by clock count the
selected sets of bits as outgoing bytes; and

periodically compensating (1/2 count; NOP, EOP)
for the number of bits outputted versus the number of
bits inputted during a given time interval.

11. The method of claim 10 wherein the respective
bits of incoming bytes stored clock count by clock count
as current data and as remainder data are arranged as
continual data flow in a bit chart (70; 300; 500; 700;
900) having columns showing successive counts and having
rows showing bit positions of remainder data and bit
positions of current data for each respective count, and
the desired bits to be outputted as successive bytes are
grouped into identified sets in the respective columns
clock count by clock count, the continual conversion of
incoming bytes into outgoing bytes being in accordance
with the bit chart.
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12. The method of c¢laim 10 wherein incoming 9-bit
bytes are converted into outgoing 8-bit bytes in
accordance with the bit chart (70) of FIG. 5.

13. The method of claim 10 wherein incoming 8-bit
bytes are converted into outgoing 9-bit bytes in
accordance with the bit chart (300) of FIG. 8.

14. The method of claim 10 wherein incoming 9-bit
bytes are converted into outgoing 7-bit bytés in
accordance with the bit chart (500) of FIG. 10.

15. The method of claim 10 wherein incoming 7-bit
bytes are converted into outgoing 9-bit bytes in
accordance with the bit chart (700) of FIG. 12.

16. The method of claim 10 wherein incoming 7-bit
bytes are converted into outgoing 8-bit bytes in
accordance with the bit chart (900) of FIG. 14.

17. A method (70; 300; 500; 700; 900) of
continually converting almost instantly incoming parallel
data bytes into outgoing parallel data bytes comprising
the steps of:

momentarily storing as current data and as
remainder data respective bits of successive incoming
bytes clock count by clock count;

identifying within each count a desired number
of bits stored as remainder data, or current data, or
both and grouping them into a set of bits to be outputted
as an outgoing byte during a respective count;

outputting such sets of bits clock count by
clock count as outgoing bytes such that the outgoing
bytes each have a different number of bits versus the
number of bits in each incoming byte, and the outgoing
bits have a desired numerical sequence; and

periodically compensating (1/2 count; NOP, EOP)
for the total number of bits outputted versus the number
inputted during a given period of time.
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INTERNATIONAL SEARCH REPORT

Interr.  al Application No

PCT/US 97/17763

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6 GO6F5/00

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

8. FIELDS SEARCHED

IPC 6  GO6F

Minimum documentation searched (classification system followed by classification symbols)

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

Electronic data base consulted 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 approptiate, of the relevant passages

see figures 3A,,4A

X US 5 428 627 A (GUPTA ALOK K) 27 June 1995 1-17
see the whole document

X EP 0 390 309 A (AMPEX) 3 October 1990 9-17

A see figure 1 1,6,8

A US 3 079 597 A (H. WILD) 26 February 1963 1,6,8

D 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 publicationdate 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 international filing 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 underiying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novei or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me"r:ts, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family
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Fax: (+31-70) 340-3016 Verhoof, P
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