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SYSTEM FOR SPECIFYING ADDRESSES BY
CREATING A MULTI-BIT RANKED
ORDERED ANCHOR PATTERN AND
CREATING NEXT ADDRESS BY SHIFTING
IN THE DIRECTION OF THE SUPERIOR
POSITION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to addressing techniques used for
bus oriented computer systems. More particularly, this
invention relates to an automatic addressing technique for
flexibly specitying the individual addresses of a plurality of
devices coupled to an information bus.

Bus oriented computer systems are known in which
individual devices connected to an information bus are
assigned unique addresses specifying the location of each
device in a computer system. Typically, individual devices
are provided with a mechanical, electrical or electrome-
chanical device capable of being set to provide a unique
address for the device. For example, in some known
arrangements, each device is provided with jumper termi-
nals which can be connected to an appropriate voltage (e.g.,
ground) in such a manner that the voltage level on the
combined collection of jumper terminals uniquely specifies
the physical address of that device, usually using a binary
numbering system. In still other known system, manually
actuatable switches are employed for the same purpose. In
both types of arrangement, the specification of a unique
device address requires that a user, usually a technician,
manipulate the address specifying device, which creates the
possibility for human error in initially configuring the sys-
tem. In addition, to reconfigure such a system, for example
by adding more bus devices, the user must check the setting
of each device (or a master list on which the individual
addresses are recorded) in order to ensure that the new
addresses to be assigned to the additional devices do not
duplicate already used addresses.

Still other systems employ active electronic devices
capable of responding to interrogation from a host computer
by setting a device address generated by the host computer
and transmitted thereto over the information bus. Such
arrangements require additional active electronic circuits in
the bus devices, and also require special programming
capability in the host computer to generate the individual
device address values and transmit such values to the
individual bus devices. Also required is a routine for estab-
lishing that an address transmitted to a device was correctly
received and stored by that device. This type of arrangement
required a relatively sophisticated programming approach
and is prone to both software and signaling errors.

SUMMARY OF THE INVENTION

The invention comprises an automatic addressing tech-
nique for specifying the individual unique addresses of an
array of devices which is relatively simple and inexpensive
to implement, highly reliable in operation, capable of estab-
lishing any address sequence required in a given application,
and highly compatible with highly configurable computer
system.

From a first aspect, the invention comprises a method of
specifying the physical address of a plurality of devices each
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requiring a unique address in an array, the method including
the steps of selecting the individual desired address
sequence, creating an anchor pattern representing an initial
device address, the anchor pattern having a plurality of
multi-bit rank ordered fields each having a superior end
position and an inferior end position, creating a bit pattern
representing the next address in the sequence by shifting the
bit pattern in each field in the direction of the superior end
position of that field by an integral multiple (preferably
unity) of one rank and relocating the superior end rank
position bit of the pattern to the inferior end rank position,
and continuing the step of creating a bit pattern representing
the next address until the last address in the sequence is
attained. For an anchor pattern comprising N bits, the
number of the fields can range from N to i, where 1 is the
minimum number of bits required to uniquely specify a total
number of J devices. Each address is specified with a bit of
predetermined rank from each of the 1 fields.

From an apparatus standpoint, the invention comprises a
multiconductor bus device for specifying a unique physical
address for each of a plurality of J devices in an array in
accordance with a desired address sequence, the bus device
comprising N conductors arranged in parallel and grouped
into i fields, where 1 is the minimum number of bits required
to uniquely specify J devices, each field having a plurality of
rank ordered bits with a superior end position and an inferior
end position, the physical address for each device being
determined by 1 bit values selected from one conductor of
each field, and a plurality of transform elements each having
an input coupled to the N conductors for converting a
physical device address presented at the input thereto to the
next physical device address at the output thereof, each
transform element including means for shifting the bit
pattern in each field of a physical device address presented
at the input by an integral multiple (preferably unity) of one
rank and relocating the superior end rank position bit of the
input address to the inferior rank position of the output
address. The number of bit values i used to determine the
physical address for each device may be increased up to a
value of N, if desired, to create additional potential address
sequences.

Each transform element preferably comprises a plurality
of N input terminals, a plurality of N output terminals and
a plurality of N conductive paths coupled between the input
terminals and the output terminals, one path coupling the
input terminal corresponding to the superior end rank posi-
tion of each field to the output terminal located at the inferior
rank position of the corresponding field.

From a different method aspect, the invention comprises
a method of producing a multi-bit anchor pattern capable of
transformation into a desired sequence of physical device
addresses, each address comprising a plurality of bits each
selected from a different one of a plurality of rank ordered
multi-bit fields, each bit in each address corresponding to a
preselected rank in the associated multi-bit field. The
method proceeds by selecting a desired address sequence,
converting each address of the desired sequence to a multi-
field binary equivalent having a number of fields equal to the
number of bits comprising each address, and arranging the
bits in each binary equivalent field in a sequential order
related to the manner in which the anchor pattern is trans-
formed into the desired sequence of physical device
addresses.

The invention provides a highly reliable device address-
ing capability which is extremely simple to implement,
requiring only passive electrically conductive paths
arranged in a repeated predetermined pattern in order to
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effect the sequential address transformations. Since the
desired sequence can be unlimited, the invention is
extremely useful and effective is bus oriented computer
systems which are intended to be highly configurable.
Moreover, the specification of a desired address sequence is
completely determined once the anchor pattern has been
established for a given desired sequence.

For a fuller understanding of the nature and advantages of
the invention, reference should be had to the ensuing
detailed description taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the preferred
embodiment of the invention;

FIG. 2 illustrates the address transform element used in
the preferred embodiment;

FIG. 3 illustrates the anchor pattern required to effect a
first address sequence; and

FIGS. 4 and 5 illustrate other anchor patterns required to
effect two different address sequences.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to the drawings, FIG. 1 is a schematic
diagram illustrating the invention as implemented in con-
junction with a Small Computer Systems Interface (SCSI)
bus system. The SCSI bus standards are defined in ANSI
document X3.131, the disclosure of which is hereby incor-
porated by reference. As seen in this figure, a SCSI bus
generally designated with reference numeral 10 has a con-
ventional terminator 12 coupled to each end thereof, and a
plurality of computer devices coupled together in a serial or
daisy-chain configuration. The first such device is an initia-
tor 14, typically a computer. The remaining seven devices
are target devices, usually storage devices (such as disc
drives or tape drives) 15-21.

The SCSI bus 10 is supplemented by a multi-bit address
bus generally designated with reference numeral 25 which
conveys physical device addresses. Bus 25 is coupled to a
host device (not illustrated) which generates a multi-bit
character termed an anchor pattern, which is applied to one
end of bus 25, for example upper end 27 illustrated in FIG.
1. Each bus device 14-21 is coupled to address bus 25, and
address bus 25 includes a plurality of anchor pattern trans-
form elements 28 at locations intermediate the connection
points of the SCSI bus devices 14-21 to the address bus 25.
In the specific embodiment illustrated in FIG. 1 and
described below, each SCSI bus device 14-21 is connected
to the same three conductors within address bus 25, these
connection points being termed the tap points. Since the
addressing scheme is a binary based system, three lines,
each corresponding to a bit of address information, are the
minimum required to uniquely specify eight different
devices. Also, for reasons explained more fully below,
fourteen conductors are used in address bus 25 to generate
any one of a large number of desired sequences of physical
device addresses 0-7 in the FIG. 1 system.

FIG. 2 illustrates the address transform element 28 used
in the embodiment of FIG. 1. In FIG. 2, the fourteen
conductors within address bus 25 are ordered 0-13, as
indicated, and the three tap connections are taken from
conductor Nos. 1, 4 and 10. As will become more evident
below, the three bit address is composed of three fields: the
first field comprised of conductors 0 and 1, a second field
composed of conductors 25, and a third field composed of
conductors 6—13. As will be appreciated by those skilled in
the art, these fields correspond to the 2°, 2* and 2 fields,
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respectively, of a three bit binary number. In each transform
element 28, the conductors in each field are connected to
effect a one order shifting of each conductor in a fixed
direction, field by field, with the last conductor in the
direction of the shift being coupled back to the first con-
ductor in the field. This may be most readily understood by
referring to the 2> field comprising conductors 6-13. The
input side of conductor 13 emerges from transform element
28 as conductor 12, 12 emerges as 11, 11 emerges as 10, etc.
Thus, conductors 13-7 are effectively right shifted one rank
in this field. Conductor 6, which is the edgemost conductor
in the shifted direction (right), emerges as conductor 13 on
the output side. Thus, the field composed of conductors 6—13
is shifted right by one rank, with the end conductor in the
direction of the shift, hereinafter termed the superior end
position, relocated to the opposite end of the rank, termed
the inferior end position.

Similarly, in the field composed of conductors 2—5, con-
ductors 3, 4 and 5 are right shifted between the input side
and the output side, and the superior end conductor
(conductor 2) is relocated to the inferior end position (as
emerging conductor 5).

The same transform is effected on the conductors in the
fields composed of conductors 0 and 1; however, since there
are only two conductors, the shifting and relocation of the
superior end conductor to the inferior end position merely
requires the transposition of the two conductors 0 and 1.

As noted above, each transform element 28 in the address
bus 25 has the identical configuration to that just described
with reference to FIG. 2.

An important feature of the invention is the addressing
flexibility afforded by the transform elements 28 when
combined with the anchor pattern selection described below.
In essence, the SCSI bus devices 14-21 can be assigned
physical addresses in a wide variety of different sequential
address orders by selecting the correct anchor pattern. For
example, SCSI bus devices 14-21 may simply be addressed
in their order of physical proximity to anchor terminal 27,
designating initiator 14 with address 0, target device 15 with
address 1, target device 16 with address 2, etc.

FIG. 3 illustrates the anchor pattern required to effect this
particular address sequence. In this figure, the bus conduc-
tors are numbered in the same order as that described above
with reference to FIG. 2 and the three field grouping is
indicated by the vertical separation lines. Also, the tap
locations 0—7 corresponding to the SCSI bus devices 14-21
are indicated in the leftmost column. The anchor pattern is
the pattern to the immediate right of tap location 0 and the
transformed patterns at tap locations 1-7 are sequentially
presented in rows from top to bottom of the figure. The three
tap lines are chosen in this example are conductor Nos. 1
(field 0), 4 (field 1) and 10 (field 2), which is the same tap
arrangement as that depicted in FIG. 2. Thus, at tap location
0, the designated three bit address is binary 000, which
corresponds to O decimal. At tap location 1, the three bit
address is 001, which is decimal 1, the three bit address at
tap location 2 is binary 010 corresponding to decimal 2, etc.
Thus, by applying a 14-bit anchor pattern of
00001111001101, the address sequence 0-7 is obtained
automatically by virtue of the transform operation effected
on the 14-bit pattern by each transform element 28.

The manner in which the anchor pattern is established is
as follows. Initially, the desired decimal address sequence is
selected. Next, the address sequence is decomposed into a
three-digit binary number comprised of the field components
2242'42°. For the 14-bit pattern example under discussion,
the pattern of each binary field must be checked for com-
pliance with two specific rules. First, the 2, sequence must
repeat every four bits. Second, the 2° sequence must alter-
nate every bit. If the sequence does not satisty both rules,
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another sequence must be chosen until a sequence is found
which does comply.

Once a sequence which satisfies both rules is found, the
bit sequence for the 2* field is laid out across bits 6-13 of the
anchor pattern (corresponding to bus 25 conductors 6—13)
starting at the tap bit and proceeding in the opposite direc-
tion of the shift effected by the transform elements 28. Since
the transform element 28 produces a right shift, the bit
sequence is laid out from right to left, starting at the tap bit,
wrapping from bit position 13 to the first bit position in the
22 field (bit 6) and finishing at bit 9. Next, the bit sequence
for the 2" field is laid out across bits 2-5 from the anchor
pattern, starting at the tap bit in the same manner as in the
previous layout for the 2° field. Only four bits are required,
since the pattern repeats after four bits (rule 1). Lastly, the
two bits of the 2° field are laid out across bits 0 and 1 of the
anchor pattern starting at the tap bit in the same manner as
in the previous steps. Only two bits are required since the
pattern alternates (rule 2). The anchor pattern is now com-
pletely determined.

The following is an example of the construction of an
anchor pattern for the desired address sequence 3, 4, 5, 2, 7,
6,1, 2. This is sequence is first decomposed into a three-digit
binary number comprised of the components 27+2+2°:

22=50,1,1,0,1,1,0,0
2'=>1,0,0,1,1,0,0,1
2°=»1,0,1,0,1,0,1,0

Next, the binary number is checked to see whether the
sequence satisfies rules 1 and 2. The 2* sequence does repeat
every four bits, and the 2° sequence does alternate every
digit. Consequently, the bit sequence layout may commence.
For the 2% sequence, the first bit in the sequence (0) is placed
at the tap location (bit 10) and the succeeding bits in the
sequence are laid out as described above. The resulting bit
sequence is as follows:

13|12|11|10|9|8|7|6
1|0|1|1|0|0|0|1

Next, the four bits of the 2* sequence are laid out across bits
2-5 of the anchor pattern beginning at tap bit 4 and pro-
ceeding in the opposite direction of the transform. The result
is as follows:

13|12|11|10|9|8|7|6||5|4|3|2

tlolefefolofosffo o]

Lastly, the first two bits of the 2° sequence is laid out across
bits O and 1 of the anchor pattern starting at the tap bit 1. The
completed anchor pattern and the patterns resulting from the
successive transformations of the anchor pattern are shown
in FIG. 4. By checking the values for each row in tap
position 1, 4 and 10, it can be seen that the desired address
sequence has been obtained.

As noted above, with the 14-bit anchor pattern imple-
mented in the arrangement of FIG. 1, there are some
sequences which cannot be chosen due to the constraints
imposed by the choice of fields 2° and 2* of diminished size
from field 2°. Where additional potential sequences are
necessary or desirable, the size of field 2° or field 2* or both
fields can be increased. For example, field O can be increased
to a three-bit field, field 2* can be increased to a seven-bit
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field or the like. In order to provide all possible sequences,
the anchor pattern should be expanded to three fields of eight
bits each. However, where not all possible sequences are
required, it is convenient to reduce the number of bus
conductors or to reduce the number of the required tap
connections and the size of the address bus 25.

The following illustrates how a desired address sequence
which cannot be converted to a proper anchor pattern using
the 14-bit implementation may be converted into a usable
anchor pattern in a 24-bit anchor implementation.

The desired address sequence of 1,3,5,7,0, 2,4, 6 is
decomposed into a three-digit binary number comprised of
the components 22+2+2°.

22=50,0,1,1,0,0,1,1
2'=50,1,0,1,0,1,0,1
2°=»1,1,1,1,0,0,0,0

Checking the binary numbers against the rules, rule 1 is
satisfied since the 2' sequence does repeat every four bits.
However, the 2° sequence does not alternate every digit and
the sequence cannot be constructed using a 14-bit pattern.

Taking the same sequence, and selecting a 24-bit anchor
pattern, the anchor pattern layout proceeds as follows. No
rule checks are necessary with a 24-bit pattern, since all
patterns can be implemented. Consequently, the bit sequence
for the 2% sequence is first laid out in a similar fashion to that
described above starting at the tap bit (position 19 in this
case) and proceeding in the opposite direction of the trans-
form (i.e., right to left), wrapping from 23 to 16, and
finishing at bit 18. The resulting bit sequence is as follows:

23|22|21|20|19|18|17|16

0|1|1|0|0|1|1|0

Next, the bit sequence for the 2* sequence is laid out across
bits 15-9 of the anchor pattern starting at the tap bit (position
9). The result is as follows:

23|22|21|20|19|18|17|16||15|14|13|12|11|10| 9|8

ofsfelefolelelolfolslolslos ol

Lastly, the bit sequence of the 2° field is laid out across
bits 7-0 of the anchor pattern starting at the tap bit (position
4). The complete anchor pattern, and the remaining trans-
formations are shown in FIG. 5. The sequence can be
checked row by row and compared to the desired sequence.

As will now be apparent, the invention affords a highly
flexible addressing arrangement for an array of devices
which is particularly suited for highly configurable computer
systems. Further, the invention can be implemented in a
relatively straightforward and simple fashion using essen-
tially only passive devices (the tap connections and the
transform elements 28), which can be prefabricated and
tested prior to installation. Once connected, the desired
address sequence is selected, is converted to a suitable
anchor pattern, and the desired addressing sequence is
automatically provided to the individual devices connected
to the information bus.

Implementation of the transform elements 28 can be
accomplished in a number of ways. Firstly, the address bus
can be incorporated into suitable cables, such as flat flexible
cables, and the conductive patterns required to shift and
rotate the individual conductor lines can be formed within
the cable itself. Alternatively, the transform elements may be
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individual bridge connector elements incorporating the shift
and rotate wire patterns and provision may be made to insert
such discreet devices into the address bus path. Still further,
individual segments of information bus 10 may be imple-
mented as fixed length multiple conductor paths on sub-
strates in close proximity to the bus devices 14-21 and, in
such applications, the transform elements 28 can be incor-
porated into portions of such substrates along with appro-
priate connectors to route the address bus conductors to the
input portion of the transform elements 28 and to route the
output conductors from the transform elements 28 back to
the address bus 25.

While the above provides a full and complete disclosure
of the preferred embodiments of the inventions, various
modifications, alternate constructions and equivalents may
be employed, as desired. For example, anchor patterns with
different numbers of bits per field, as well as different
numbers of fields, may be selected and employed, depending
on the address requirements of a particular application.
Therefore, the above description and illustrations should not
be construed as limiting the scope of the invention which is
defined by the appended claims.

What is claimed is:

1. A method of specifying the physical address of a
plurality of devices each requiring a unique address in an
array, said method comprising the steps of:

(2) selecting [the individual] a desired address sequence;

(b) creating an anchor pattern representing an initial
device address, said pattern having a plurality of multi-
bit rank ordered fields each having a superior end
position and an inferior end position;

(c) creating a bit pattern representing the next address in
the sequence by shifting the bit pattern in each field in
the direction of the superior end position of that field by
an integral multiple of one rank [and relocating the
superior end rank position bit of the pattern to the
inferior end rank position; and

(d) continuing step (c¢) until the last address in the
sequence is attained] wherein each bit that is shifted
beyond the superior end position is rotated back to the
inferior bit position.

2. The method of claim 1 wherein the integral multiple in

step (c) is unity.

3. The method of claim [1] 22 wherein [said step (d)] the
said step of creating a bit pattern is performed a number of
times equal to J-2, where J is the total number of a plurality
of devices.

4. The method of claim [1] 22 wherein said anchor pattern
comprises N bits and the number of said field is i, where 1
is the minimum number of bits required to uniquely specify
J devices.

5. The method of claim 4 wherein N2i.

6. The method of claim 4 wherein N=i.

7. The method of claim 4 further including the step of
specifying each address with a bit of predetermined rank
from each of the i fields.

8. A multiconductor bus device for specifying a unique
physical address for each of a plurality J of devices in an
array in accordance with a desired address sequence, said
bus device comprising:

N conductors arranged in parallel and grouped into i

fields, [where i is the minimum number of bits required
to uniquely specify J devices,] each field having a
plurality of rank ordered bits with a superior end
position and an inferior end position, the physical
address for each device being determined by i bit
values selected from one conductor of each field; and

a plurality of transform elements each having an input and
an output coupled to said N conductors for converting
a physical device address presented at the input thereto
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to the next physical device address in the desired
address sequence at the output thereof, each transform
element including means for shifting the bit pattern in
each field of a physical device address presented at the
input by an integral multiple of one rank [and means for
relocating the superior end rank position bit of the input
address to the inferior rank position of the next physical
device address].

9. The invention of claim 8 wherein said integral multiple
iS unity.

10. The invention of claim 8 wherein NZi.

11. The invention of claim 8 wherein N=i.

12. The invention of claim 8 wherein each transform
element comprises a plurality of N input terminals, a plu-
rality of N output terminals and a plurality of N conductive
paths coupled between said input terminals and said output
terminals, one path coupling the input terminal correspond-
ing to the superior end rank position of each field to the
output terminal located at the inferior rank position of the
corresponding field, the remaining paths effecting the bit
pattern shift.

13. A method of producing an anchor pattern capable of
being transformed into a desired sequence of physical device
addresses each comprising a plurality of bits each selected
from a different one of a plurality of rank ordered multi-bit
fields, said method comprising the steps of:

(a) selecting a desired address sequence;

(b) converting each address of the desired sequence to a
multi-field binary equivalent having a number of fields
equal to the number of bits comprising each address,
each field having a number of bits relatively prime to
the number of bits in the preceding field; and

(c) arranging the bits in each binary equivalent field in a
sequential order related to the manner in which the
anchor pattern is transformed into the desired sequence
of physical device addresses.

14. The method of claim 13 wherein said anchor pattern
comprises N bits and the number of said fields is i, where 1
is the minimum number of bits required to uniquely specify
J devices.

15. The method of claim 14 wherein NZi.

16. The method of claim 14 wherein N=i.

17. The method of claim 14 further including the step of
specifying each address with a bit of predetermined rank
from each of the i fields.

18. A transform element comprising:

(a) a plurality of rank order inputs grouped into fields;

and

(b) a plurality of rank ordered outputs grouped into the
fields, each field having a superior end position and an
inferior end position, wherein each rank ordered input
within a field is operatively coupled to a rank ordered
output shifted in that same field by an integral multiple
of one rank such that each bit of the output that is
shifted beyond the superior end position of each field is
rotated back to the inferior bit position.

19. The transform element of claim 18, wherein an input

is tapped for connecting a device.

20. The transform element of claim 18, wherein the
integral mulfiple is uniry.

21. The transform element of claim 20, wherein an input
is tapped for connecting a device.

22. The method of claim 2, wherein the step of creating
further includes relocating the superior end rank position bit
of the pattern to the inferior end rank position.

23. The method of claim 22, wherein the step of creating
is repeated to create additional addresses in the sequence.

24. The method of claim 8, wherein I is the minimum
number of bits required to uniquely specify J devices.

#* #* #* #* #*
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