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(57) Abstract . .

A vector register file (35) includes a plurality of read ports (51-55) and write ports (41-43). A control logic (60) is cou-
pled to the vector register file (35) for simultaneously writing through at least two write ports and simultaneously reading
from at least two read ports. In addition, a barber pole technique for storing words from a logical vector register circuit ac-
cessed as a first number of register subarrays (99) into a second number of memory banks (500-515) is provided to mini-

mize the vector register access conflicts.
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MULTI-PORT VECTOR REG.I STER FILE
I. BACKGROUND OF THE INVENTION

The present invention relates to the field of memories
in general, and specifically, relates to the field of vector
registers for data processors. '

Computers have long used both special and general pur-
pose registers to store frequently accessed data. More re-
cently, certain computers have added vector registers to store
vector elements, which are the data operated on by vector in-

“structions. Vector processing is especially well-suited to

expedite repetitive operations performed on sequential data ele-
ments. Examples of vector registers are shown in Cray, Jr.,
U.S. Patent No. 4,128,880; Chen et al., U.S. Patent '
No. 4,636,942; and Chen et al., U.S. Patent No. 4,661,900.

Vector processing is often performed in a pipelined
fashion. The tasks of fetching the vector elements, performing
an arithmetic operation on them, and storing the results are

broken down into small fragmemts which are executed in parallel
by dedicated hardware. Due to the repetitive nature of vector
operations, such pipelining increases the speed of processing by
a factor almost eqﬁal to the number of pipeline stages if the
vector registers can simultaneously produce enough vector ele-
ments for all the pipeline stages and store the results also.
"Chaining" is a term used to refer to mechanisms that use
results from certain operations as operands in later operations
without added delay. A discussion of chaining, although in a
slightly different context, appears in Chen et al., U.S. Patent
No. 4,661,900.

Even with the use of chaining and pipeline processing,

however, conventional vector regisfers suffer from several dis-
advantages. For example, if vectors are stored in main memory,
large memory delays result and a high bandwidth communication
path must be established between memory and the vector proces-
sors. Therefore, it is attractive to store vectors in special

~vector registers.

Designing special vector registers involves several
tradeoffs. One is hardware cost and another is performance. To
obtain both speed and flexibility, vector registers are manually
built using flip-flops or latches. Such registers, however, are
both bulky and expensive. The use of conventional RAM chips
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avoids the size and cost problems but does not satisfy the
access requirements due to the monolithic organization of such
chips.

Vector registers must supply operands to multiple pro-
cessing streams and accept the results. To maximize perfor-
mance, the vector register file must support multiple simulta-
neous accesses during each processor cycle. This requirement is
very difficult to achieve using conventional RAM components.

Furthermore, vector registers need to be physically
connected to the processing elements to exchange operands. Such
connections often create problems of excessive pin requirements,
excessive signal load, and conflicts from wire sharing.

Finally, the main purpose of vector processing is to
achieve high processing performance. Thus, it is necessary to
cycle the storage elements in very short time periods. Using
traditional RAM chip implementations, short time periods are
difficult to achieve because the cycles need to include address
distribution, RAM access times, and data distribution. The
attainment of high speeds is further complicated by the need to
allow for clock skew. .

Therefore, it is an object of the present invention to
provide vector registers which can be used with great efficiency
to speed up vector processing, for example by using short cycle
times.

It is also an object of the present invention to
configure the vector registers using nonstandard RAM cell tech-
nology, to satisfy the access requirements of high speed vector
registers.

Another object of the invention is to minimize the
physical interconnection problems between vector registers and
the processing elements.

Still another object of the invention is to improve
the capability of the vector registers to use overlapping tech-

niques and pipeline processing, by providing simultaneous multi-
 ple accesses to vector registers.

A further object of the invention is to provide a
vector register which minimizes conflicts during consecutive
register accesses to any individual register.
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Additional objects and advantages of the present
invention will be set forth in part in the description which
follows and in part will be obvious from that description or may
be learned by practice of the invention. The objects and advan-
tages of the invention may be realized and attained by the meth-
ods and apparatus particularly pointed out in the appended

claims.

II. - SUMMARY OF THE INVENTION

The present invention overcomes the problems of the
prior art and achieves the objects listed above with a vector
register that -allows simultaneous read operations as well as si-
multaneous write operations.

To achieve the objects and in accordance with the pur-
pose of the invention, as embodied and as broadly described
herein, a vector register file of this invention which is capa-
ble of simultaneously servicing a plurality of file access re-
quests composed of either write commands with write addresses or
read commands with read addresses, comprises a register array
for storing data; reading means, coubled to the register array
and responsive to read selection signals, for simultaneously
outputting the stored data through at least two of a plurality
of read ports; writing means, coupled to the register array and
responsive to write selection signals, for simultaneously
storing the data into the array through at least two of a plu-
rality of write ports; first selection means, coupled to the
reading means, for generating the read selection signals in re-
sponse to the read addresses and the read commands; and second
selection means, coupled to the writing means, for generating
the write selection signals in response to the write addresses
and write commands.

More particularly, the vector registers of this inven-
tion use an economical RAM-cell structure, but breaks the RAM
into smaller units that can be cycled independently for easy
access. The RAM structure is broken into a prescribed number of
banks, for example 16, that can be accessed independently. This
allows multiple read and write ports which can be independently
accessed. In addition, by storing the vector registers in those
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banks in a staggered, helical storage pattern (also called a
barber pole technique), the number of conflicts between banks
can be reduced and a storage queue as part of the vector regis-
“ter allows temporary storage of results when a bank is temporar-
ily busy. |

The use of the RAM structure is streamlined by
latching the addresses and data locally which allows the distri-
bution of the signals to be overlapped during the access time of
the RAM. Also, by selecting the addresses of the individual
banks locally, the clock skew is minimized as is the skew of the
write pulses which are also generated locally.

By using certain of the dedicated read énd write ports
for each processing element, the connection between the regis-
ters and the processing elements can be simplified, thereby re-
ducing the number of conflicts. Further reductions are achieved
by local selection of data sources and routing of results, as
‘'well as the use of scalar registers which use the same
interconnects as the vector registers.’

The accompanying drawings, which are incorporated in
and which constitute a part of this specification, illustrate
one embodiment of the invention and, together with the descrip-
tion, explain the principles of the invention.

III. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing of a data processing system con-
taining a preferred embodiment of the vector register in accor-
dance with the present invention:

Fig. 2 is a block diagram of the Vector Processing
Unit of Fig. 1 which contains the preferred embodiment of the
vector register of this invention;:

Figs. 3A and 3B are circuit diagrams of elemeﬁts in
the preferred embodiment of the vector register in Fig. 2;

Fig. 4 is a timing diagram for reading and writing in
the vector register shown in Figs. 3A and 3B;

' Fig. 5 is a conceptual diagram showing the helical or

"barber pole" arrangement of vector register elements in the
preferred embodiment of this invention;
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Fig. 6 is a block diagram of a preferred embodiment of
a conflict detection circuitry in accordance with the present
invention;

Fig. 7 is a preferred embodiment of address generation
circuitry for multipliers 70 in Fig.2;

Fig. 8 is a preferred embodiment of address generation
circuitry for adder 8 in Fig. 2; and

Fig. 9 is a preferred embodiment of address generation

circuitry for mask unit 90 in Fig. 2.

IV, DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to a presently
preferred embodiment of the invention, an example of which is
illustrated in the accompanying drawings.

Fig. 1 shows an example of a data processing system 10
comprising various elements. Vector Processing Unit 30 contains
a preferred embodiment of the vector register file of the pres-
ent invention. Instruction Processing Unit 25 includes an in-
struction parser which receives instructions from memory unit 20
and sends instruction data to a Scalar Processing Unit 15.
Scalar Processing Unit 15 executes all scalar instructions and
sends vector instructions and vector data to Vector Processing
Unit 30. A Memory Processing Unit 20 receives control and data
signals from Instruction Processing Unit 25, Scalar Processing
Unit 15, and Vector Processing Unit 30, and arbitrates, pro-
cesses and responds to those signals. There may be other ele-
ments in data processing system 10 but an understanding of such
elements is not needed for an understanding of the present
invention.

Fig. 2 is a diagram showing a preferred embodiment of
the Vector Processing Unit 30 in Fig. 1. As shown in Fig. 2,
Vector Processing Unit 30 includes control logic 60 as the main
interface with data processing system 10 and a vector register
file 35 for servicing file access requests. Such requests can
either be write requests composed of write control signals and
write addresses, or read requests composed of read control sig-
nals and read addresses. Vector register file 35 contains a
plurality of write ports, shown as WT PORTO-WT PORT2 and denoted
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by the reference numbers 41-43, as well as a plurality of read
ports, shown as RD PORTO-RD PORT4 and denoted by the reference
numbers 51-55. The write ports receive write control signals
and write addresses as well as write data. For example, for
write port 42 (WT PORTO), a write control signal is WPORTQ WT EN
from control logic 60. The write addresses, which are also re-
ceived from control logic 60, are denoted by WPORTO VREG SEL and
WPORTO VELM ADDR signals.

The write data for the write port 42 comes from data
lines provided by control logic 60. The other write ports are
similar except that WT PORT1 and WT PORT2 receive data from the
outputs of other circuit elements, such as vector multiplier 70
and vector adder 80. All the write ports receive their control
signals from control logic 60.

- The read ports operate similarly to the write ports.
For:example, read port 53, corresponding to RD PORT0, receives
the control signal RPORTO RD EN and the address signals
RPORTO0 VREG SEL and RPORTO VELM ADDR from control logic 60. The
read data for read port 53 is provided to a mask unit 90.

The other read ports also receive their control and
address signals from control logic 60. The outputs from read
ports 55 and 54, RPORT1 and RPORT2, respectively, are connected
to a vector multiplier 70, and the outputs of read ports 52 and
51, RPORT3 and RPORT4, respectively, are connected to a vector
adder 80.

In addition to such interface logic, control logic 60
preferably includes control logic, some of which is described
below, and an instruction parser. The instruction parser re-
ceives information from Scalar Processing Unit 15 (i.e., in-
structions in the VECTOR) and uses such information to control
the operations of a vector multiplier 70, vector adder 80, or
mask unit 90. The control logic in control logic 60 oversees
the scheduling of all activity in the Vector Processing Unit.

) Vector register file 35 is shown in greater detail in
Figs. 3A and 3B. Preferably the circuitry in these figures is
contained in a single integrated circuit chip to accomplish the
desired objects of increased speed. The vector register file
includes a register array 99 for storing data, which is
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preferably a modified RAM structure. Register array 99 com-
prises a plurality of subarrays 100-115, which together form a
file of vector registers VREGO-VREG1l5. Preferably, each
subarray has 64 elements, thus register array 99 provides a
total storage for 1,024 64-bit elements (i.e., 8,192 bytes).
Different size arrays and a different organization of arrays are
of course possible in accordance with the present invention.

As shown in Fig. 3B, register array 99 is preferably
constructed from a plurality of subarray portions. In the pre-
ferred embodiment, register array 99 logically comprises 16
subarrays. In the preferred embodiment of this invention, reg-
ister array 99 is physically "sliced" into eight demiarrays each
with 16 subarrays of 64 elements each. Each such element has
eight data bits and one parity bit. Figs. 3A and 3B represent a
"slice" of vector register array 99 with 1,024 bytes. The use
of slices, however, is preferred but not required in accordance
with the broadest aspects of the present invention.

' The addresses both for the write ports and the read
ports, are divided into two portions. The first portion, repre-
sented by RPORTx VREG SEL or WPORTx VREG SEL (the lower case "x"
means that the discussion refers to'any of the read or write
ports), is used to select one of the 16 subarrays. In the pre-
ferred embodiment, each of these signals preferably comprises
four bits. The second portion of the address corresponds to the
RPORTx VELM ADR or the WPORTx VELM ADR signal and is used to se-
lect one of the 64 elements within the selected subarray. In
the preferred embodiment of this invention, these sighals have
six bits.

The vector register file of the present invention also
includes a scalar register file (shown in Fig. 3A) containing
scalar values. As shown in Fig. 3A, scalar registers 120-124
contain such scalar values. Each of the scalar registers
120-124 is constructed from a pair of latches
120a/120b-124a/124b. In the preferred embodiment of the inven-
tion, there is one scalar register dedicated to each of the five
read ports, but such correspondence is not required in all

embodiments of the present invention.
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Scalar registers 120-124 are preferably loaded from
the WPORTO data line in response to the appropriate control sig-
nal SCALO LD-SCALZ4 LD for scalar registers 120-124, respective-
ly. The SCALx LD signals are received from the instruction
parser in control logic 60. Depending upon the values for SCALO
LD - SCAL4 LD, the associated scalar register 120-124 either
recirculates its output or loads in the data from the WPORTO
line at the clock pulse TA CLK.

As shown in Fig. 3A, the outputs of the scalar regis-
ters 120-124 are denoted as S0-S4, respectively. Each of the
scalar registers 120-124 is also 64 bits wide, as are the ele-
ments of register array 99, and the scalar registers also in-
clude eight total bits of parity. Preferably, the scalar regis-
ters are also stored in slices of eight equal-sized elements
each corresponding to a different slice of register array 99.

In accordance with the present invention, the vector
register file includes reading means, coupled to the register
array andiresponsive to read selection signals, for simulta-
neously outputting the stored data from the register array
thrcuﬁh at least two of the read ports. The reading means can
also include signal routing means for simultaneously outputting
the data from at least two of the subarrays. In the preferred
embodiment of the vector register file of this invention shown
in Figs. 3A and 3B, the signal routing means includes a plurali-
ty of multiplexers each having inputs coupled to the subarrays
and an output coupled to a different one of the read ports.
Multiplexers 130-134 act as such a reading means.

Each of the multiplexers 130-134 has 16 inputs, which
are each connected to a different one of the subarrays 100-115,
and each of the multiplexers 130-134 has an output which can be
coupled, eventually, to a different one of the read ports. The
output prodﬁced by each of multiplexers 130-134 corresponds to
one of the inputs received from the register subarrays. Each of
multiplexers 130-134 also has a selection terminal SEL which re-
ceives a different four bit selection code from read logic 210
.identifying the subarray from which the data is to be read. The
four bit selection codes for each of the multiplexers 130-134
are simultaneously generated resulting in simultaneous

outputtiné of data from at least two subarrays.
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The vector register file of the present invention also
includes, as part of the reading means, means for outputting the
contents of the scalar register file in response to the selec-
tion signals. As can be seen from Figs. 3A and 3B, multiplexers
140-144 can be used for outputting the contents of the different
scalar register files 120-124, respectively. One input of each
of the multiplexers 140-144 is connected to the output of one of
the multiplexers 130-134, respectively, and the second input of
each of the multiplexers 140-144 is coupled to the output of one
of the scalar registers 120-124, respectively. Each of the mul-
tiplexers 140-144 has a selection input (SEL) which is coupled
to receive a signal SCALO SEL - SCAL4 SEL, respectively. Those
selection signals are buffered by latch 148 whose clock input
signals TA CLK. The SCALx SEL signals are received from the in-
struction parser in control logic 60.

In response to the SCALx SEL signals, multiplexers
140-144 select either the output of multiplexers 130-134 or the
output of the scalar registers 120-124. The selected signals,
which then appear at the outputs of multiplexers 140-144, are
latched into storage-elements 150-154, respectively, in response

" to the TB CLK signal. Storage elements 150-154 contain the data

outputs for the read ports 50-54 (RD PORTO - RD PORT4), respec-
tively.

In accordance with the present invention, the reading
means also includes a first set of multiplexers each having an
output coupled to an address terminal of a different one of the
subarrays and having inputs coupled to receive word selection
portions of the read addresses. As shown in Figs. 3A and 3B,
multiplexers 1601-1601g are such a set of multiplexers in a pre-
ferred embodiment of the invention. The input terminals of each
of the multiplexers are connected to the output terminals of
latch 165, which in turn has input terminals coupled to receive
the six bits from RPORTx VELM ADR for each of the read ports.
The clock terminal for latch 165 receives the TA CLK signal.

The inputsAto latch 165, and therefore to each of the multi-
plexers 1601-1601¢ are the addresses for elements in particular

subarrays.
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The control terminal for each of multiplexers
1601-1601¢5, denoted as SEL, receives a three bit code from read
logic 210 indicating which one of the inputs should be selected
to be an output. The three bit SEL input identifies the element
address for one of the five read ports.

The vector register file of the present invention also
includes first selection means, coupled to the reading means,
for generating the read selection signals in response to the
read addresses and read control signals. As shown in Fig: 3B,
read logic 210 provides the functions of such a selection means
in the preferred embodiment of this invention by providing the
selection signals both to multiplexers 1603-1601¢ and multi-
plexers 130-134. Read logic 210 receives as inputs the RPORTX
RD EN signals and as the addresses RPORTx VREG SEL signals. The
RPORTx RD EN signals are single line signals which, when ’
enabled, indicate that a particular address for a particular
read port is valid. Read logic 210 encodes the RPORTx RD EN and

_VREG SEL signals for each of the ports in a manner known to per-
sons of ordinary skill to obtain the three-bit signals for mul-
tiplexers 16071-16035. Those signals identify the read port
which is the source of the register element address and cor-
rectly route the VREG SEL signals to multiplexers 130-134 to
-determine the subarray which contains the data for each of the
multiplexers.

Further in accordance with the present invention, the
vector register file includes writing means, coupled to the reg-
ister array and responsive to write selection signals, for si-
multaneously storing the data into the register -array through at
least two of the plurality of write ports. The writing means
can include means for simultaneously storing the data into at
least two of the subarrays. Preferably, such storing means in-
cludes a plurality of multiplexers each having inputs connected
to sources of data and an output connected to a different one of
the subarrays. Such multiplexers are shown in Fig. 3B as multi-
plexers 2601426015 which have inputs receiving data from each of
the write ports and an output to subarrays 100-115 of register
array 99. Multiplexers 2607-26015 each have a control terminal
which receives a 2 bit code from write logic 220 specifying the
source of data (i.e., from which write port data lines).
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The writing means can also include a first set of mul-
tiplexers, each having an output coupled to an address terminal
of a different one of the subarrays and inputs coupled to re-
ceive the word selection portions of the write addresses. Mul-
tiplexers 1701-1701¢ shown in Fig. 3B provide such a function.
Each of multiplexers 1701-1703¢ has inputs coupled to receive a
different one of the WPORTx VELM ADR signals which are buffered
through latch 265 and timed via the TA CLK signal.

" The control terminals of multiplexers 1701-1701¢ are
labeled SEL and each receive a 2-bit signal from write logic
220. That signal, as explained below, is derived from write
control signals.

As shown in Fig. 3B, there is an additional set of
multiplexers 1801-1801¢ which each receive an input from a cor-
responding one of the registers 1701-17016 and an input from a
corresponding one of registers 1607-16015. The outputs of the
multiplexers 1801-1801¢ are each coupled to a different one of
subarrays 100-115. Multiplexers 1801418016 also receive a con-
trol signal from write logic 220 which indicates to multiplexers
1801-1801¢ which input to select. ' ‘

The vector register file of the present invention also
includes second selection means, coupled to the writing means,
for generating the write selection signals in response to the
write addresses and write control signals. As shown in Fig. 3B,
write logic 220 p;ovides such selection signals to multiplexers
1707-17016, to multiplexers 1801-1801¢, and to multiplexers
2601-2601g. Write logic 220 receives the WPORTx WT EN signals
and the WPORTx VREG SEL signals which are buffered through a
latch 225 in response to the TA CLK signals. The WPORTx WT EN
signals indicate when the data on the corresponding inputs are
valid. Write logic 220 then uses the WPORTx VREG SEL signals
for controlling the multiplexers 1701-1701g. The write logic
220 also controls multiplexers 1801-1801¢ and 2601-2601¢ by the
same signals.

_ Register select logic 250 also receives control sig-
nals from write logic 220 and routes write enable signals to the
vector registers 100-115. The sixteen write enable signals are
generated by write logic 220 by decoding the WPORTx VREG SEL

signals.
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In addition to the vector register elements, the
vector register circuit of this invention can include arithmetic
means having inputs connected to selected ones of the read ports
and outputs connected to selected ones of the write ports.
Examples of such arithmetic means shown in Fig. 2 include vector
multiplier 70, vector adder 80, and mask unit 90.

Vector adder 80 performs integer and floating point
add or subtract operations on two 64 bit words supplied from the
vector register file 35 via RD PORT3 and RD PORT4. Preferably

adder 80 also performs certain logical and shift operations.
' The output of vector adder 80, labeled "RESULT," provides a data
imput to WT PORTl. Vector adder 80 also includes exception
logic 82 coupled to mask unit 90 which permits adder 80 to per-
form operations upon condition and to advise mask unit 90 of
arithmetic exception conditions (e.g., overflow).

Vector multiplier 70 performs an integer or floating
point multiplication or division on two 64 bit words received
from RD PORTL and RD PORT2 of Vector-reg{ster file 35. The
product or quotient of those inputs is a 64 bit word also la-
beled "RESULT" and is provided as input data to WT PORT2.
Exception logic 72, which is coupled to mask unit 90, indicates
to mask unit 90 when there is an arithmetic exception condition
(e.g. overflow) resulting from the multiplication or division by
multiplier 70.

Mask unit 90 receives data from vector register file
35 via RD PORTO and provides vector data from Vector Processing
Unit 30 to Scalar ?rocessing Unit 15. Mask unit 90 also can
read the data from RD PORTO and convert it to an address for
the Processing Unit 120. 1In addition, mask unit 90 is coupled
to exception logic 72 and 82 and latches their exception condi-
tions.

Contained in mask unit 90 is a 64 bit mask register 92
with each bit corresponding to a vector element in all vector
registers. Mask register 92 can be loaded with data from the
Scalar Processing Unit, via control logic 60, and can be used to
control the writing into vector elements based on the condition
of the maék register for that element.
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Fig. 4 shows a diagram for the basic timing for
reading and writing. Both the external timing and internal
timing for vector register 99 are shown. Timing logic 205 in
Fig. 3B uses the X and Y signals to generate the TA CLK and TB
CLK signals. The TA CLK signal is used for external control
signals. In the convention used to describe the timing, the
major cycle is defined as the time between the assertion of suc-
cessive TA CLK signals. Each major cycle comprises both a read
cycle and a write cycle.

Generally, the read address is valid at the beginning
of a major cycle. The read address, as explained above, com-
prises the RPORTx VREG SEL and the RPORTx VELM ADR signals. The
RPORTx RD EN signal indicates that the address for the port is
valid and a read operation will take place. The data read from
vector register 99 is valid about 8 ns after the start of the

cycle.

Internally, the first part of a major cycle is the
read cycle duriﬁg which the array/read address is selected by
multiplexers 1801-18016. The array read data output is avail-
able internally at the end of the read cycle.

Generally, the write address is valid externally at
the same time as the read address. The write address comprises
the WPORTx VREG SEL and the WPORTx VELM ADR signals. Similarly
to the read address timing, the write addresses are clocked into
vector register file 35 on a TA CLK signal. The WT-PORTO data
is latched on TA CLK signal. The write data for WPORT1 DATA and
WPORT2 data is valid about 5 nsec after the TA CLK. The WPORTX
WT EN signal indicates that a write operation for the indicated
write port will take place.

Although the read and write addresses are valid exter-
'nally at about the same time, internally the array write address
is not valid, until selected by multiplexers 18071-1801 during
the write cycle which occurs after the read cycle. The write
enable signals are generated by the register select logic 250
during the write cycle while the write data is valid.

Using the timing just described, the preferred embodi-
ment of the present invention avails itself of pipeline pro-
cessing and chaining byipermitting up to five read accesses and
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three write accesses each major cycle. The preferred embodiment
of the current invention further distinguishes itself from the
prior art by allowing all of these accesses to be to the same
vector register. A vector register of a vector register file of
the prior art, as described by Chen et al. U.S Patent

No. 4,661,900, allows only one read and one write during each
major clock cycle.

To those of ordinary skill, it is readily apparent
from the logic diagrams presented in Figs. 3A and 3B that each
subarray (100-115) allows only one read access and only one
write access during each major cycle. If the elements of a
vector register were assigned to an individual subarray then
conflicts would clearly arise should more than one read or more
than one write be desired during a major cycle. To minimize the
occurrence of conflicts and to realize the full potential of the
current invention the vector are preferably organized in a
helical or "barber pole" arrangement. In such an arrangement,
the architecturally defined programmer visible registers are
actually logical registers which are physically spread across
the vector register file subarrays. Successive elements in each
logical register have corresponding locations in different
subarrays. Arranging the vector registers in this manner allows
great flexibility in pipeline processing, and, because a given
vector register can service five reads and three writes simulta-
neously, software can use the vector register file more effec-
tively.

An example of this arrangement is shown in Fig. 5. In
Fig. 5, vector register file 99 is shown as well as the individ-
ual registers 0-F ("F" is 15 in hexadecimal notation). Each cf
the vector register arrays zero through 15 (having the
designators 100-115) contains 64 elements with 64 bits and eight
parity bits. In actuality, however, the elements from the
vector registers are stored in a helical or barber pole arrahge—
ment in sixteen banks shown as 500-515. Sequential elements of
each of the banks are stored in successive banks. For example,
the element 0 of vector register 0 (designated V0O 00) is stored
in bank 500, and element 1 of vector register 0 (designated VO
01) is stored as the second element of bank 501. The elemgnt 2
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of vector register 0 (designated V0 02) is stored as the third
element of bank 502. This pattern continues as element 15 of
vector register 0 (V0 15) is stored as the 16th element of
vector register 515. The element 16 of vector register 0 (VO
16), however, is stored back in bank 0 but as the seventeenth
element.

The same pattern exists for the other vector regis-
ters. For example, in vector register 1, the element 0 (V1 00)
is stored as the first element of bank 501 and element 1 of
vector register 1 (V1 01) is stored as a second element of bank
502, etc. The method for determining the location of a vector
element is that the m-th element of vector register n will be
stored as the m-th element of bank m+n (mod 16) for sixteen

banks.

More generally, the equation for determining the phys-
ical bank number is [(V + I) + (J * E)] mod n, where V is the
number of the virtual register, I is a bank offset value, J is a
bank increment value, E is the number of the element of the vir-
tual register, and n is the number of physical banks, which is
preferably equal to the number of virtual register arrays. Also
in the general case, the element number in a physical bank is
determined by [(E * K) + L] mod m, where K is an element incre-
ment value, L is an element offset value, and m is the number of
elements in a physical bank. J and n should be mutually prime
as should K and m. The increment values J and K are nonzero and
equal to 1 in the preferred embodiment shown in Fig. 5.

As noted previously, this storage arrangement has sev-
eral advantages for vector processing. While this arrangement
does not extinguish the possibility of register access con-
flicts, it greatly reduced their occurences. Furthermore, this
arrangement guarantees that the conflict can be resolved without
having to wait until all previous vector instructions complete.

It remains, however, to devise a means to detect the
occurrence of conflicts. In accordance with the present inven-
tion, the vector register circuit can include means for sensing
conflict conditions. Fig. 6 shows a preferred embodiment for
such conflict detection in accordance with the present inven-

tion. In the preferred embodiment of the Vector Processing Unit
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30 in Fig. 2, the elements shown in Fig. 6 are part of control
logic 60. )

In conflict detection circuitry 600, Source A Decode
602, Source B Decode 604, and DST Decode 606 are each
four-into-sixteen decoders. The inputs to those decoders are
the SRC A REG, SRC B REG, and DST REG signals, respectively.
Each of those signals is a four bit signal received from the in-
struction parser in control logic 60 identifying a logical reg-
ister location for an operation. Specifically, the instruction
parser determines the SRC A REG, SRC B REG, and DST REG signals
from the instructions sent from Scalar Processing Unit 15
indicating the logical vector registers containing the source of
the operands (i.e., SRC A REG and SRC B REG) and the logical
vector register to which the result is to be sent (i.e., DST
REG). The 16-bit outputs of decoders 602, 604, and 606 are
codes having oné-bit position activated and the rest
deactivated. ' .

The 16 bit codes are loaded into either adder source
schedule register 610, multiplier source schedule register 615,
or general source schedule register 618, according to the type
of instruction which is to be executed. Thus, for an add in-
struction, the codes from decoder of 602 and 604 would be loaded
into adder source schedule register 610. Similarly, for a mul-
tiply instruction, the codes from decoders 602 and 604 would be
loaded into the multiplier source schedule register 615. The
outputs of source schedule registers 610, 615, and 618 would
thus have either two activated bit positions for a dual-operand
instruction, one activated bit position for a single operand in-
struction, or no activated bit positions if the operation corre-
sponding to those registers was not to be used.

The registers are loaded in accordance with either the
BIT SET ADD signal, the BIT SET MUL signal, or the BIT SET GEN
signal generated by control logic 60. Each register 610, 615
and 618 is a shift register to effect the barber pole scheme
discussed with regard te Fig. 5. Thus, when the vectors are
initially loaded, as shown in Fig. 5, the actual addresses of
the banks 500-515 correspond to the vector registers 0-F. After
each vector operation, registers 610, 615, and 618 are shifted
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if the operation corresponding to that register is in progress.
Such shifting of the activated bit effectively increments its
position to correspond to the next bank to be the source of
desired data in accordance with the barber pole scheme
exemplified in Fig. 5. - '

As the vector operatigﬁ continues with different ele-
ments, the position of the activated bit in each one of the reg-
isters 610, 615, and 618 shifts to indicate the actual memory
bank from which the "source" data is to be obtained. The regis-
ter outputs are then used for conflict detection using AND gate
network 630 and OR gate network 635.

The elements of Fig. 6 which have been described thus
far provide a means for detecting source conflicts. These ele-
ments may also be used to check the validity conflict. Lock
register 620, which is preferably a storage register not a shift
register, contains a 16-bit code indicating the destinations of
previous instructions that may contain information needed for
subsequent instructions. In this way, a determination can be
made whether a subsequent instruction is requiring information
from a source which does not yet have valid information.

If the needed information is the result of an ADD in-
struction, then the code for the destination of the data is a
four bit signal ADD BIT SET. ADD BIT SET is an input to a four-
into-sixteen decoder 621, which then sets a corresponding bit
position in register 620. When that bit position is to be
cleared, a four bit signal, ADD BIT CLR, is provided as an input
to decoder 622 to clear the identified bit position. The MUL
BIT SET and ‘MUL BIT CLR, which are inputs to four-into-sixteen
decoders 623 and 624, respectively, operate equivalently for
multiply instructions. The ADD BIT SET, ADD BIT CLR, MUL BIT
SET, and MUL BIT CLR signals are generated by vector address
circuitry described below.

The 16-bit code from lock register 620 is an input
into AND network 630 as is the outputs of the source register
610, 615, and 618. AND network 630 comprises a plurality of
two-input AND gates. Each two-input AND gate contains as inputs
a different pair of outputs from registers 610, 615, 618, and
622 for the same bit position. For example, for bit position 0,
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there is a different two-input AND gate for lock register 620 in
combination with each of the source schedule registers 610, 615
and 618, separately. In addition, for bit position 0, there is
a different two-input AND gate in combination with each source
schedule register 610 and 618, separately. Finally, for each

multiplier source schedule register 615 at a bit position 0, S

there is a two-input AND gate for source schedule register 618.
There would be a similar set of two-input AND gates for each
other bit position.

The outputs of all of those two-input AND gates for
each bit position are ORed together to form a 16-bit output,
each bit corresponding to a different subarray. Thus, if any of
the 16 bit positions is enabled, it is because there is a con-
flict at the register subarrays corresponding to that bit posi-
tion.

OR gate 635 is a l6-input OR gate whose output is the
source conflict signal. 1If any of the 16 inputs is enabled, the
source conflict signal is enabled.

Destination conflicts are detected in a manner similar
to the detection of source conflicts and validity conflicts.
There are three sets of destination registers: the adder desti-
nation schedule register 640, the multiplier destination sched-
‘ule register 646, and the general destination schedule register
643. Each of these registers, which is a shift register, re-
ceives a 16-bit input from the destination decoder DST decode
606. The appropriate shift register would be loaded in accor-
dance with the BIT SET ADD, BIT SET MUL, or BIT SET GEN signals
from control logic 60 and shifted when a new element of a vector
is being processed.

AND network 650 is similar to AND network 630 and pro-
duces a 1l6-bit output. If any of the outputs of the two-input
AND gates-in AND network 650 is enabled, there is a destination
conflict in the register subarray corresponding to that bit
position. A 1l6-input OR gate 655 produces an enabled destina-
tion conflict signal at its output if any inputs to OR gate 644
are enabled. The destination conflict signal and source con-
flict signals are then inputs into a two-input OR gate 660 which
produces an enabled output if there is either a destination

output, a source conflict or a validity conflict.
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The output of OR gate 660 is an input into AND gate
662 and AND gate 664. AND gate 662 receives at one input termi-
nal the inverted output of OR gate 660, and combines it with an
INSTR signal which indicates the presence of an instruction.

The output of AND gate 662 indicating "NO CONFLICT" is enabled
if the output of OR gate 660 is not enabled and if there is an
instruction to be executed by Vector Processing Unit 30. If the
INSTR instruction is enabled and if there is either a destina-
tion conflict, a source conflict, or a validity conflict, as in-
dicated by the output of AND gate 664, the "INSTR PENDING" sig-
nal is enabled indicating the presence of a conflict. This
signal is used to tell control logic 60 not to send any more in-
structions until the conflict is resolved.

If there is a conflict, especially in writing data,
then the data on the WT PORTO has to be delayed. This is done
as shown in Fig. 3A by a four stage shift register comprising 9
bit flip-flops 271, 272, 273, and 274. The WT PORTO data is
shifted into the different stages of flip-flops sequentially on
the TA CLK clock pulse. The outputs of each of the flip-flops
is an input into multiplexer 270 which receives as a control
signal the WPORT0O CNF SEL signal that is buffered by latch 268.
Latch 268 is under the control of the clock signal. The WPORTO
CNF SEL signal is generated by control logic 60 from the INSTR
PENDING signals and the NO CONFLICT signals shown in Fig. 6.

The WPORTO DATA signal from control logic 60 can be
delayed up to three clock cycles, since this is the maximum num-
ber of major cycles which can occur before conflict-free opera-
tion. The number of clock cycles with which it has to be
delayed can be determined by control logic 60 based on the con-
flict detection circuitry 600. Based on such circuitry, the
control logic 60 sets the WPORTO CNF SEL signal appropriately to
show that the multiplexer 270 reads out the WPORTO DATA signals
after being delayed the appropriate amount of time.

With the present invéention, then, a vector register-is
provided which not only allows simultaneous reading and writing,
and thereby maximizing the pipelining and chaining capabilities,
the organization of the memory is also such as to avoid con-

flicts through the barber pole arrangement. Any conflicts that
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are detected are only temporary until the registers can be syn-
chronized and operate correctly with the barber pole storage
arrangement.

One method of reflecting the helical or barber pole
scheme of vector register addressing is suggested by the shift
registers in the conflict detection circuitry of Fig. 6. To gen-
erate the actual addresses, a different method is used.

In accordance with the present invention, control
meahs, coupled to the memory banks, provide access to words in
the banks for storage and retrieval such that successive words
for each of the vector registers correspond to words in differ-
ent oneé of the memory banks. The preferred embodiment of such
circuitry for all the read and write ports is shown in Figs. 7-9
as part of control logic 60.

Fig. 7 shows a preferred embodiment of address gehera—
tion circuitry for multiplier 70, which receives as inputs data
from RPORTL1 and RPORT2 and provides an output on WPORT2.

Counters 700 and 705 in Fig. 7 load the SRC A REG and SRC B REG

signals in response to the MUL UNIT INSTR signal generated by
control logic 60 during a multiply instruction. The SRC A REG
and SRC B REG signals are received from the instruction parser
in control unit 60, and are the same signals as those referred
to in Fig. 6 for conflict detection. Once loaded, counters 700
and 705 count on the TB CLK signal. The outputs of counter 700
and 705 are the RPORT1 VREG SEL and RPORT2 VREG SEL signals, re-
spectively, shown in the system view of Fig. 2.

The use of counters 700 and 705 helps effect the bar-
ber pole scheme shown in Fig. 5. With such counters, logical
vector addresses, represented initially by the SRC A REG and SRC
B REG signals, are stored in sequential banks since the bank
numbers (RPORTx VREG SEL) increment -as successive vector ele-
ments are accessed. In addition, since counters 700 and 705 are
four bit (i.e., modulo 16) counters in the preferred embodiment,
they recycle to 0 after they reach a count of 15. This is con-
sistent with'Fig. 5. -

The RPORT1 VELM ADR and RPORT2 VELM ADR signals are
generated as the RPORT1/2 VELM ADR signal by counter 708. These
signals, which specify the addresses of each vector element, are
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preferably the same since in the preferred embodiment vector
operations involve corresponding elements of two vector regis-
ters. For example, the addition of two vectors involves
computing the sum of the first elements of each vector, the sum
of the second elements of each vector, etc. '

Counter 708 is cleared in response to the MUL UNIT
INSTR signal. This reflects the preferred implementation in
‘which the first element of any vector is always stored in the
"0th" position in both the logical vector register and the bank.
Each subsequent position in the logical vector register is then
stored in a subsequent location in the bank being addressed.
Counter 708 also increments on the TB CLK signal. .

The RPORT1 RD EN and RPORT2 RD EN signals are gener-
ated by AND gates{712 and 710, respectively. These signals are
the logical AND of the MUL UNIT INSTR signals with the LA SRC B
VALID and LA MUL SRC A VALID signals, respectively. The LA MUL
SRC A and B VALID signals are generated by the instruction
parser in control logic 60 to indicate tHat the SRC A REG and
SRC B REG signals are valid.

Register 714 and comparator 716 are used collectively
to determine when the address generation for a multiply opera-
tion has been completed. A VLR (vector length register) signal
from the instruction parser in control logic 60 indicates the
length of the vector being processed. The VLR signal is a
six-bit signal capable of representing the full complement of 64
elements in each bank or logical vector register in the pre-
ferred embodiment. The VLR signal is loaded into register 714
during a multiply instruction in response to the MUL UNIT INSTR
signal. Comparator 716 then compares the output of register 714
to the RPORT 1/2 VELM ADR signal. When those signals are equal,
comparator 716 enables its output, MUL LAST SRC VELM, to indi-
cate the completion of the multiply operation. -

In the preferred embodiment, the circuitry for
generating the WPORT2 address also uses a counter. As shown in
Fig. 7, counter 728 is loaded and incremented to produce the
WPORT2 VREG SEL signal, and counter 736 is cleared and incre-
mented to produce the WPORT2 VELM ADR signal. As is apparent,
counters 728 and 736 for the WPORT2 addresses operate similarly
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to counters 700, 705, and 708 for the RPORT1 and RPORT2
addresses. The inputs to counters 728 and 736 are different,
however, from the inputs to the counters 700, 705, and 708.

The value which is eventually loaded into the counter
728 is DST REG which, as the output of register 720, is placed
in a pipeline comprising registers 724 and 726. The contents of
register 726 is loaded into counter 728 when the START MUL WT
signal is asserted.

The DST REG value in that three-stage pipeline of reg-
isters 720, 724, and 726 is shifted by the TB CLK signal which
is generated once each major cycle by control logic 60. Because
the multiply instruction takes three major cycles, this three
stage pipeline generates a "lag" for the destination address to
ensure that the WPORT2 VREG SEL signal is ready when the multi-
ply operation result is complete. The MUL BIT SET and MUL BIT
CLR signals referred to in Fig. 6 are generated as shown in Fiqg.

7.
) The signal which causes counter 728 to be loaded and
the counter 736 to be cleared is the START MUL WT signal which
is generated three delay stages after the START MUL INSTR signal
from control logic 60. The three-stage delay is created by reg-
isters 730, 732, 734, which each receive the TB CLK signal.
These registers maintain the correct lag for WPORT2 behind
RPORTL and RPORT2.

The START MUL INSTR signal is generated by flip-flop
740 when it receives a MUL NO CNF signal from control logic 60
indicating the pendency of a multiply instruction and the
absence of a conflict. Flip-flop 740 is cleared when the MUL
LAST SRC VELM signal from comparator 716 is enabled, since that
signal causes flip-flop 742 to generate a clock signal and input
a "zero" to flip-flop 740.

Counters 728 and 736 increment when they receive TB
CLK pulses and an enable signal, which is also the WPORT2 and EN
signal from the output of another three-stage pipeline. This
pipeline includes registers 750, 752, and 754, all of which are
timed by the TB CLK signal. The input into this three-stage .
pipeline is a MUL RD IN PROGRESS signal generated by control

logic 60 when a multiply instruction is being performed. The
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purpose of the three-stage delay circuit including register 750,
752 and 754 is also to maintain the lag of WPORT2 behind RPORT1
and RPORTZ2. ' . '

The outputs of each of register 750, 752, 754 are in-
verted inputs to AND gate 760. Another inverted input into AND
gate 760 is the MUL UNIT BUSY signal from control logic 60 which
indicates that multiplexer 70 cannot accept another instruction.
The output of AND gate 760 is a MUL UNIT DONE signal indicating
that the multiplexer 70 has finished an instruction and no suc-
ceeding instructions are pending in the pipeline.

Fig. 8 shows a preferred embodiment of the address
generation circuit for adder 80. This circuitry will not be
explained in detail due to its similarity to Fig. 7, shown by
the correspondénce of elements. In particular, the elements
used to generate the RPORT3 RD EN, RPORT4 RD EN, RPORT3 VREG
SEL, f{PORT4 VREG SEL, RPORT3/4 VELM ADR, WPORTl VREG SEL, and
WPORT1 VELM ADR signals uses the same circuitry as used to gen-
'eréie the signals in Fig. 7. The hardware correspondénce is
emphasized by the similarity of numbering conventions between
Figs. 7 and 8.

The circuitry for generating the addresses for RPORTO
~and WPORTO0 is slightly different from the other circuitry,
largely because RPORTO provides an input to mask unit 90 and
WPORTO is an external input to the vector register. Unlike the
outputs of multiplier 70 or adder 80, however, mask unit 90's
output is not an input back into the vector register file; so
there is.no need for the same type of lag synchronization
between RPORT(O and WPORTO as for the other port.

As shown in Fig. 9, a counter 900 loads the SRC B REG
signal in response to the LOAD GEN SRC signal; The LOAD GEN SRC
signal also clears counter 905. The increment signal for both
those counters is an INC GEN SRC REG signal. When that signal is
activated, counters 900 and 905 count on the TB CLK signal.

Both signals are generated by control logic 60.

The output of counter 900 is the RPORTO VREG SEL sig-
nal. Counter 905 generates the RPORTO ADR signal. AND gate 930
generates the RPORTO RD EN signal from the RPORTO EN signal and
the SRC DATA VALID signal.
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Comparator 932 compares the RPORT0 VELM ADR signal to
the VLR signal stored in register 935 by the GEN UNIT INSTR sig-
nal. The output of comparator 932 is the GEN LAST SRC VELM sig-
nal which, when enabled, indicates the last vector address. The
GEN LAST SRC VELM signal is also used as an input to flip-flop
903 to reset flip-flop 902. Flip-flop 902 is set by the
GEN STORE NO CONF signal from control logic 60 when no conflict
is detected for RD PORTO. The output of flip-flop 902 sets
flip-flop 901 to activate the INC GEN SRC REG signal and allow
counters 900 and 905 to count.

Since WﬁbRTO need not be lag synchronized with RPORTO,
there is no need for the delay circuit that appears in Figs. 7
and 8 for multiplier 70 (RPORT1l, RPORT2, WPORT2) and adder 80
(RPORT3, RPORT4, WPORT1) read and write ports. To generate the
WPORTO VREG SEL signal in the preferred embodiment, the DST REG
signal is loaded into counter 712 in response to the LOAD GEN
DST signal from control logic 60. The LOAD GEN DST signal also
clears counter 914 whose output forms the WPORT0 VELM ADR sig-
nal.

The WPORTO VELM ADR signal is also an input to
comparator 947 along with the VLR signal from register 935. The
output of comparator 947 is the GEN LAST DST VELM signal which
indicates that the last vector element for a write instruction
has been loaded into vector registers. :

The GEN LAST DST VELM signal sets flip-flop 950 whose
output, when activated, cause flip-flop 955 to reset. Flip-flop
955 sets in response to a GEN LOAD NO CONF signal from control
logic- 60 indicating no conflict for WT PORTO. The output of
flip-flop 955 sets flip-flop 960 and activates the INC GEN DST
REG signal to allow counters 912 and 914 to begin counting.

AND gate 931 receives as inputs the WPORT EN H signal
as well as the SRC DATA VALID signal, both of which are gener-
ated by controller. The output of AND gate 931 is the
WPORTO WT EN signal. -

It will be apparent to those skilled in the art that
modifications and variations can be made in the vector register
file of this invention. The invention in its broader aspects is

not limited to the specific details, represented of methods and
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apparatus, and illustrative example shown and described. Depar-

tures may be made from such details without departing from

spirit or scope of the invention.
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WHAT IS CLAIMED IS:

1. A vector register circuit including a plurality of
read ports and write ports for servicing file access requests
which can be either read requests composed of read control sig-

nals and read addresses or write requests composed of write con-
trol signals and write addresses, said vector register circuit
comprising:

a register array for storing data;

reading means, coupled to said register array and re-
sponsive to read selection signals, for simultaneously out-
putting said stored data through at least two of said plurality
of read ports;

writing means, coupled to said register array and re-
sponsive to write selection signals, for simultaneously storing
said data into said array through at least two of said plurality
of write ports;

first selection means, coupled to said reading means,
for generating said read selection signals in response to said
read addresses and said read control signals; and

second selection means, coupled to said writing means,
for generating said write selection signals in response to said
write addresses and write control signals.

2. The vector register circuit of claim 1 further
including a scalar register file containing fixed values, and

wherein said reading means includes means for out-
putting the contents of said scalar register file in response to
said selection signals.

3. The vector register circuit of claim 1 wherein
said register array includes a plurality of subarrays.

4, The vector register circuit of claim 3 wherein
said reading means includes signal routing means for simulta-
neously outputting data from at least two of said subarrays, and

wherein said writing means includes means for simulta-
neously storing data into at least two of said subarrays.

5. The vector register circuit of claim 4 wherein
said signai routing means includes a plurality of multiplexers
each having inputs coupled to said subarrays and an output cou-
pled to a different one of said read ports.
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6. The vector register circuit of claim 4 wherein
said storing means includes a plurality of multiplexers each
having inputs connected to sources of data and an output con-
nected to a different one of said subarrays.

7. The vector registef circuit of claim 1 further
including arithmetic means having inputs connected to selected
ones of said read ports and outputs connected to selected ones
of said write ports.

8. The vector register circuit of claim'7 wherein
said arithmetic means includes a vector adder having an outfput
connected to one of said write ports, and having two inputs each
connected to a different one of said read ports.

9. The vector register circuit of claim 7 wherein
said arithmetic means ircludes a vector multiplier having an.
output connected to one of said write ports, and having two in-
puts each connected to a different one of said read ports.

10. The vector register circuit of claim 7 wherein
said arithmetic means includes a transfer circuit having an
input connected to one of said read ports and an output con-
nected to an output of said vector register circuit.

11. The vector register circuit of claim 3, wherein
said read addresses are received at said read ports and each of
said read addresses includes a subarray selection portion and a
word selection portion, and

wherein said reading means includes a first set of
multiplexers, each having an output coupled to an address termi-
nal of a different one of said subarrays, inputs coupled to re-
ceive the word selection portions of said read addresses, and a
control terminal coupled to receive a read input multiplexer
control signal, and '

wherein said first selection means includes read
logic, responsive to said subarray selection portions of said
read addresses, for producing said read input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarray section por-
tions.

12. The vector register circuit of claim 11 wherein
said reading means also includes a second set of multiplexers
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each having inputs coupled to data outputs of said said
subarrays, an output coupled to a different one of said read
ports; and a control terminal coupled to said read logic to re-
ceive a read output multiplexer control signal, and

wherein said read logic includes means for forming
said read output multiplexer control signals from said subarray
selection portions.

13. The vector register circuit of claim 3, wherein
said write addresses are received at said write ports and each
of said write addresses includes a subarray selection-portion
and a word selgétion portion, and

wherein said writing means means includes a first set
of multiplexers, each having an output coupled to an addr=ss
terminal of a different one of said subarrays, inputs couziled to
receive the word selection portions of said write addresses, and
a control terminal coupled to receive a write input multiplexer
control signal, and s .

. wherein said second selection means includes write
logic, responsive to said subarray selection portions of said
write addresses, for producing said write input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarray selection por-
tions.

14. The vector register circuit of claim 13 wherein
said writing means also includes a second set of multiplexers
each having inputs coupled to said write ports to receive data
to be stored in said subarrays, an output coupled to a different
one of said subarrays, and a control terminal coupled to receive
a corresponding one of said write input multiplexer control sig-
nals from said write logic, and

wherein-said write logic includes means for
forming said write input multiplexer control signals.

15. The vector register circuit of claim 1 further
including conflict detection means for sensing conflict condi-
tions when said writing means is attempting to store said data
simultaneously into two locations in said register array to
which data cannot be simultaneously written, and
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wherein said writing means is coupled to said conflict
detection means and includes means for preventing simultaneous
storing operations during said conflict conditions.

16. The vector register circuit of claim 15 wherein
said conflict detection means includes means for sensing con-
flict conditions when said reading means is attempting to output
said data simultaneously from two locations in said register
array from which data cannot be simultaneously output.

17. The vector register circuit of claim 15 wherein
said conflict detection means includes means for sensing con-
flict conditions when said a current operation using said vector
register circuit requires a result from a previous operation
using said vector register circuit which is not yet available.

* 18. The vector register circuit of claim 15 further
including delay means, responsive to said conflict detection
méans, for temporarily holding data to be stored into said reg-
ister afray during said conflict conditions.

19. The vector register circuit of claim 16 wherein
said delay means includes a first number of storage stages cor-
responding to the number of said write ports.

20. The vector register circuit of claim 3 further
including conflict detection means for sensing conflict condi-
tions when said writing means is attempting to store said data
simultaneously from two of said write ports into the same one of
said subarrays, and

wherein said writing means is coupled to said conflict
detection means and includes means for preventing simultaneous
storing operations during said conflict conditions.

21. The vector register circuit of claim 18 wherein
said conflict detection means includes means for sensing con-
flict conditions when said reading means is attempting to output
said data simultaneously from two locations in the same one of
said subarrays.

22. The vector register circuit of claim 18 further
including delay means, responsive to said conflict detection
means, for temporarily holding data to be stored into said reg-
ister array during said conflict conditions.
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23. The vector register circuit of claim 20 wherein
said delay means includes a first number of storage stages cor-
responding to the number of said write ports.

24. The vector register circuit of claim 1 wherein
said register array includes a plurality of elements each capa-
ble of storing a predetermined number of bits, and

wherein said register array comprises a plurality of
bit slice portiohs each corfesponding to a different set of bits
in said elements. .

o 25. The vector register circuit of claim 24 wherein
each of said elements stores a word of data and an error cdde,
- and wherein each of said bit slice portions corresponds to a
first number of bits of data words and a second number of bits
of error code. - .

26. A vector register circuit including a plurality
of read ports and write ports for servicing file access requests
which can be either read requests composed of read control sig-
nals and read addresses or write requests composed of writé con-
trol signals and write addresses, said vector register circuit
comprising: ’

a register array for storing data;

) ‘reading means, coupled to said register array and re-
sponsive to read selection signals, for simultaneously out-
putting said stored data through at least two of said plurality
of read ports;

writing means, coupled to said register array and re-
sponsive to write selection signals, for simultaneously storing
said data into said array through at least two of said plurality
of write ports;

transfer means, coupled to said read ports, for con-
trolling the processing and routing of said stored data;

first selection means, coupled to said reading means,
for generating said read selection signals in response to said
read addresses and said read control signals; and

second selection means, coupled to said writing means,
for generating said write selection signals in response to said
write addresses and write control signals.
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27. The vector register circuit of claim 26 further
including a scalar register file containing fixed values, and

wherein said reading means includes means for out-
putting the contents of said scalar register file in response to
said selection signals.

28. The vector register circuit of claim 26 wherein
‘said register array includes a plurality of subarrays.

29. The vector register circuit of claim 28 wherein
said reading means includes signal routing means for simulta-
neously outputting data from at least two of said subarrays, and

wherein said writing means includes means for simulta-
neously storing data into at least two of said subarrays. '

30. The vector register circuit of claim 31 wherein
said signal routing means includes a plurality of multipiexers
each having inputs coupled to said subarrays and an output cou-
pled to a different one of said read ports.

31. The vector register circuit of claim 29 wherein
said storing means includes a plurality of multiplexers each
having inputs connected to sources of data and an output con-
nected to a different one of said subarrays. _

32. The vector register circuit of cléim 28 wherein
said transfer means includes a vector adder having an output
connected to one of said write ports, and having two inputs each
connected to a different one of said read ports.

33. The vector register circuit of claim 28 wherein
said arithmetic means includes a vector multiplier having an
output connected to one of said write ports, and having two in-
puts each connected to a different one of said read ports.

- 34, The vector register circuit of claim 28 wherein
said arithmetic means includes a mask unit having an input con-
nected to one of said read ports and an output connected to an
output of said vector register circuit.

35. The vector register circuit of claim 30, wherein
said read addresses are received at said read ports and each of
said read addresses includes a:.subarray selection portion and a
word selection portion, and

wherein said reading means includes a first set of

multiplexers, each having an output coupled to an address
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terminal of a different one of said subarrays, inputs coupled to
receive the word selection portions of said read addresses, and
a control terminal coupled to receive a read input multiplexer
contrbl signal, and

"

wherein said,fj@st selection means includes read
logic, responsive to safa:subarray selection portions of said
read addresses, for producing said read input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarray selection por-
tions.

36. The vector register circuit of claim 35 wherein
said reading means also includes a second set of multiplexers
each having inputs coupled to data outputs of said said
subarrays, an output coupled to a different one of said read
ports, and a control terminal coupled to said read logic to re-
ceive a read output multiplexer control signal, and

wherein said read logic includes means for forming
said read output multiplexer control signals from said subarray
selection portions. .

37. The vector register circuit of claim 30, wherein
said write addresses are received at said write ports and each
of said write addresses includes a subarray selection portion
and a word selection portion, and

wherein said writing means means includes a first set
of multiplexers, each having an output coupled to an address
terminal of a different one of said subarrays, inputs coupled to
receive the word selection portions of said write addresses, and
a control terminal coupled to receive a write input multiplexer
control signal, and ' '

wherein said second selection means includes write
logic, responsive to said subarray selection portions of said
write addresses, for producing said write input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarray selection por-
tions., ' '

38. The vector register circuit of claim 37 wherein
said writing means also includes a second set of multiplexers

each having inputs coupled to said write ports to receive data
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to be stored in said subarrays, an output coupled to a different
one of said subarrays, and a control terminal coupled to receive
a corresponding one of said write input multiplexer control sig-
nals from said write logic, and

wherein said write logic includes means for forming
said write input multiplexer control signals.

39. A memory for storing data into and receiving data
from a logical vector register circuit accessed as a first num-
ber of register subarrays each containing a plurality of words,
said memory comprising:

a second number of banks containing said words of said
logical vector register circuit; and

control means, coupled to said banks, for providing
access to said words in said banks for storage and retrieval
such that successive words in each of said register subarrays
correspond to words in different ones of said memory banks.

40. The memory of claim 39 wherein said said first
“and second numbers are equal. )

41. The memory of claim 39 wherein said memory banks
are organized sequentially in a repeating order and wherein suc-
cessive words of each of said vector registers corresponds to
words in sequential memory banks.

42, The memory of claim 39 wherein sa1d vector regis-
ters are accessed by a logical vector address, and wherein said
access means includes counters loaded with said logical vector
register address.

43. A vector register circuit for servicing file
access requests which can be either write requests composed of
write control signals and write addresses or read requests com-
posed of read control signals and read addresses, said vector
register file comprising:

a register array, accessed as a plurality of subarrays
composed of words, for storing data into and receiving data from
the register array, the register array including

a plurality of memory banks containing words of
said register array, and

control means, coupled to said banks, for provid-
ing access to said words in said banks for storage and
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retrieval such that successive words in each of said

register - subarrays cbrrespond to words in different

ones of said memory banks;

reading means, coupled to said register array and re-
sponsive to read selection signals, for simultaneously out-
putting said:stored data through at least two of a plurality of
read ports;

writing means, coupled to said register array and re-
sponsive to write selection signals, for simultaneously storing
said data into said array through at least two of a plurality of
write ports;

first selection means, coupled to said reading means,
for generating said read selection signals in response to said
read addresses and said read control signals; and

~ second selection means, coupled to said writing means,
for generating said write selection signals in response to said
write addresses and write control signals.

) 44. The memory of claim 43 wherein said memory banks
are organized sequentially in a repeating order and wherein suc-
cessive words of each of said subarrays correspond to words in
sequential memory banks.

45. The vector register circuit of claim 43, wherein
said read addresses are received at said read ports and each of
said read addresses includes a subarray selection portion and a
word. selection portion, and

wherein said reading means includes a first set of
multiplexers, each having an output coupled to an address termi-
nal of a different one of said subarrays, inputs coupled to re-
ceive the word selection portions of said read addresses, and a
control terminal coupled to receive a read input multiplexer
control signal, and

wherein said first selection means includes read
logic, responsive to said subafray selection portions of said
read addresses, for producing said read input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarray selection por-
tions.
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46. The vector register circuit of claim 45 wherein
said reading means also includes a second set of multiplexers
each having inputs coupled to data outputs of said said
subarrays, an output coupled to a different one of said read
ports, and a control terminal coupled to said read logic to re-
ceive a read output multiplexer control signal, and

' wherein said read logic includes means for forming
said read output multiplexer control signals from said subarray
selection portions.

47. The vector register circuit of claim 43, wherein
said write addresses are received at said write ports and each
of said write addresses includes a subarray selection portion
and a word selection portion, and

wherein said writing means means includes a first set
of multiplexers, each having an output coupled to an address
terminal of a different one of said subarrays, inputs coupled to
receive the word selection portions of said write addresses, and
a control terminal coupled to receive a write input multiplexer
control signal, and

wherein said second selection means includes write
logic, responsive to said subarray selection portions of said
write addresses, for producing said write input multiplexer con-
trol signals for the ones of said first set of multiplexers cou-
pled to the subarrays identified by the subarfay portions selec-
tion portion. '

48. The vector register circuit of claim 49 wherein
said writing means also includes a second set of multiplexers
each having input coupled to said write ports to receive data to
be stored in said subarrays, an output coupled to a different
one of said subarrays, and a control terminal coupled to receive
a corresponding one of said write input multiplexer control sig-
nals from said write logic.

49, A vector register circuit including a plurality
of read ports and write ports for servicing file access requests
which can be either read requests composed of read control sig-
nals and read addresses or write requests composed of write con-
trol signals and write addresses, said vector register circuit

comprising:
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a register array for storing data, said register array
including a plurality of subarrays each containing a plurality
of words;

reading means, coupled to said register array and re-
sponsive to read selection signals and to said read addresses,
for simultaneously outputting said stored data through af least
two of said plurality of read ports, each of said read addresses
including a subarray selection poftion identifying one of said
subarrays and a word selectibn'portion specifying a word in the
selected subarray, said reading means including '

a first set of multiplexers, each having an out-
put, inputs coupled to receive the-word selection por-
tions of said read addresses, and a control terminal
coupled to receive a read input multiplexer control
signal;

writing means, coupled to said register array and re-

; sponsivé to write selection signals and said write addresses,

for simultaneously storing said data into said array through at
least two of said plurality of write ports, each of said write
addresses including a subarray selection portion identifying one
of saidrsubarrays and a word selection portion specifying a word
in the identified subarray, said writing means including

a second set of multiplexers, each having an out-
put, inputs coupled to receive the word selection por-
tions of said write addresses, and a control terminal
coupled to receive a write input multiplexer control
signal; ' .

a third set of multiplexers each having one input
coupled to the output of a different one of said first
set of multiplexers and another input coupled to the
output of a different one of said second set of multi-
plexers and output coupled to the address terminal;
first selection means, coupled to said reading means,

for generating said read selection signals in response to said
read addresses and said read control signals, said first selec--
tion means including

read logic, responsive to said subarray selection
portions of said read addresses, for producing said
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read input multiplexer control signals for the ones of

said first set of multiplexers coupled to the

subarrays identified by the subarray selection por-

tions;: an _
second selection means, coupled to said writing means,

for generating said write selection signals in response to said
write addresses and write control signals, said second selection

means including

write logic, responsive to said subarray selec-

tion portionsof said write addresses, for producing

said write input multiplexer control signals for the

ones of said second set of multiplexers coupled to the

subarrays identified by the subarray selection por-

tions.

50. The
said reading means
‘each having inputs

vector register circuit of claim 49 wherein
also includes a fourth set of multiplexers
connected to outputs of said said subarrays,

an output connected to a different one of said read ports, and a

control terminal coupled to said read logic to receive a read

output multiplexer

control signal, and

wherein said read logic includes means for forming
said read output multiplexer control signals -from said subarray

selection portions
51. The
said writing means

each having inputs

of said read addresses.

vector register circuit of claim 50 wherein
also includes a fifth set of multiplexers
connected to said write ports to receive data

to be stored in said vector registers, an output connected to a

different one of said subarrays, and a control terminal coupled

to receive a write

data multiplexer control signals, and

wherein said write logic includes means for forming

said write data multiplexer control signals from said subarfay

selection portions
| 52. The

including a vector

of said write addresses.
vector register circuit of claim 49 further

adder having an output connected to one of

said write ports and having two inputs each connects fo a dif-

ferent read port.
53. The

vector register circuit of claim 49 further

including a vector multiplier having an output connected to one

|
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of said write ports, and having two inputs each being connected
to a different one of said read ports.

54, The vector register circuit of claim 51 further
including a mask unit having an input connected to one of said
read ports and an output connected to an output of said vector
register circuit.

55. A vector register circuit including a plurality
of read ports and write ports for servicing file access requests
which can be either read requests composed of read control sig-
nals and read addresses, or write requests composed of write
control signals and write addresses, said vector register file
comprising:

a register array including a plurality of subarrays
for storing data, said subarrays each containing a plurality of
words;
‘ a scalar register file containing fixed values;

reading means, coupled to said register array and re-
sponsive to read selection signals and to said read addresses,
for simultaneously outputting said stored data through at least
two of said plurality of read ports, each of said read addresses
including a subarray selection portion identifying one of said
subarrays and a word selection portion specifying a word in said
identified sﬁbarray, said reading means including

a first set of multiplexers each having an out-
put, inputs coupled to receive the word selection por-
tion of said read addresses, and a control terminal
coupled to receive a read input multiplexer control
signal,

a second set of multiplexers each having inputs
coupled to said subarrays, an output coupled to a dif-
ferent one of said read ports, and a control termihal
coupled to receive a read output multiplexer control
signal, and

a third set of multiplexérs each having one input
connected to the output of a different one of said
second set of multiplexers and another input connected
to said scalar register file, having an output coupled
to said read ports, and being responsive to a scalar
select signal;
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writing means, coupled to said register array and re-
sponsive to write selection signals and said write address sig-
nals, for simultaneously storing said data into said array
through at least two of said plurality of write ports, each of
said write addresses including a subarray selection portion
identifying one of said subarrays and a word selection portion
specifying a word in said identified subarray, said writing
means including
a fourth set of multiplexers, each having an out-
put, inputs coupled to receive the word selection por-
tions of said write addresses, and a control terminal
coupled to receive a -write input multiplexer control
signal,
a fifth set of multiplexers each having inputs
connected to sources of data, an output connected to a
different one of said subarrays, and a control termi-
nal coupled to receive a write ‘data control signal,
and
a sixth set of multiplexers, each having an input
connector to the outputs of a different one of said
first set of multiplexers, another input connected to
the output of a different one of said fourth set of
multiplexers, and an output coupled to an address ter-
minal of a different one of said subarrays;
_transfer means for returning data at said read ports
to said write ports, said transfer means including
a vector adder having an output connected to a
first one of said write ports, and having two inputs
each being connected to a first and a second one of
said read ports, respectively,
a vector multiplier having an output connected to
a second one of said write ports, and having two in-
puts each being connected to a third and a fourth one
of said read pofts, respectively, and
a mask unit having an input connected to a third
one of said read ports and an output connected to an

output of said vector register file;
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first selection means, coupled to said reading means,
for generating said read selection signals in response to said
read addresses and said read control signals, said first selec-
tion means including
read logic, responsive to said subarray selection
portions of said addresses, for producing said read
multiplexer control signals for the ones of said first
set of multiplexers identified by the subarray selec-
tion portions; and
second selection means, coupled to said writing means,
for generating said write selection signals in response to said
write addresses and write commands, said second selection means
including
write logic, responsive to said subarray selec-
tion portions of said write address, for producing
said write input multiplexer control signals for the
ones of said first set of multiplexers coupled to the
subarrays identified by the subarray portions and for
producing said write data multiplexer control signals.

hn



PCT/US88/02810

WO 89/02130

1710

0f—

1IND
JINISSII0Yd
NIV EL

SSINA0Y
le/I\
1IN
INISSII0U
NOLLDAULSNI
YASNI HISNI
6] 02~
NN 1IN 04 IN0D/ VIVO
oI - 9NISST)
ot | vIva7 0u00 | "y ag e
BREETT,
T 9/d

UTE SHEET -

-
3

1

SUBST




PCT/US88/02810

WO 89/02130

2/10

X083 01

1041N0D

-J

1ins3y

. G|

| 9101

1430x3

BN

X081 01 ~

VIvQ 40133A X08A

$S340av-X08A

N

Nw/

21901
143953

Viva1no

oS
Sg 1

_mﬁ

111404 04

12 140404

10 1404 TY

1€ 140404

2 LN 1N Lg

T041N0D

NIIM0 140dM

135 93UA0 1HOdM

YAV W1IA0 140dM

HIIMT 1H0dM

1357934AT 140dM

1
1

4V W1IA'Y LHOdM

LERY WAL

135793UAC 140dM

1

HAY W1IA ¢ 1HOdM

NI G40 14ody

1357934A"0 1404y

HaV W13A 0 1¥0dY

NIQY¥1 14044

1357 93YA | 1H0dY

{

HAY W13AT 1HOdY

NI'GY'¢ 18044

135°934A ¢ 1HOdY

HAY W13A ¢ 1Hody

N3 Gy ¢ 14044

Jd

133°93UA°E 1HOdY

{

LETRIRER)

HAY WTIA € 1H0dY

H0193A

NI aY4'b 140d4Y

1357934A°F 1404

1% 1804 04 o

HAV'WTIA' b 1H0dY

01404 1M []

I 140d°Im [

1S3y

c 9/4

VIva

1901
1041NOD

™~ 09

| VIVO'H0L93A




PCT/US88/02810

WO 89/02130

3/10

AN N 89 I Hl—yowt
o0 —-— OfH—o  T359K0 N0y a , ~0735"4NY"0 140N
n—— oo 135" 938A°1 1404y
an—— oo 133°93UK 2 140y i
€ —— Q——0  TISIIAT 1404y S AL NINGZ LHOdM
—— oo 135938 Y LHOdY : 6/
oN—r— oo N3"040 1H0dY 192
W—r— oo N30yl 104y v
e o NIQN 2 140N 0f—7— V1Y) 1404M
eN—f— aH—o NTOHE 1404y 992 6
N——{ 0} N30yt 1404y
, : 1 Y10Vl
T T T ]
ON O—©  T3S9UA0 L140dA — EJ E) 3l 31 -
IW—— g[H—o 13593k | Lu0dN B oo G]G0 Le0dm
N — a -0 T357934A"2 140dM Y \ (2% 12
00— 1o NITINO 1H0dM e el erR’ T i
n—r— oo NIIA| LH0dM ool | 3 o
A—— o N3"INZ 1H0dM 05 e == |
o) ] Caozt | o0t | > ]
,q ] _N_/ﬁxmmll;n%m.x b
4 T gy g ]y NP
H—%7 S Sqier | oRlf N
soz] 31 : re= = | ¢
NP N EE = X EE) I/
9—5— O  YIVN13A0L10dH ATy g B [ NP
i—5{ O YVWBEK Dode S—%; Gazar | lozat | N
M~ == | ——
I—— 00 MOVNTIN L80aN g2y [0 T - Y arowas
| ] )+ N —<O 07171 WIS
£ He=s = £61 12 W03
N 6/ | ag) oz’ | N7 qT§ S
a a o UOV'HIIA0 140N re=——t==n | 97 o 0Tv s
9/ . A
0—L gf—o  yovWIAT 1yody var--) ] 3] il
2 —; M o Ez.jwz 1404Y " IS A ELECE /I/_g_
o YOV NTIA'E 180dY . . ) op2|
] g——o  wovWinb IH0a Ve 9/d o Lk T aL .




PCT/US88/02810

WO 89/02130

4/10

—313 81

N Y10Vl 502
e Yol
[ a—o 13572 WS T onmiL X
[ o—o 1SS
i s — ; H?Io 13370 WS oz, N
g 4 8l
6/ f _ [—w
YIV@0 :s,“_z _J '1E | )
. 9
6/ — TR
ot 5. . v a7 vy JII_ Lon
I own 5 7 iz | ‘__ -
) BEY 1S —
o—_“tH+ _ _m\ ; W 91901
VIVl 1H0dY Fn 5 Ik 0 \/ el
il |- 2901135 93 | 2
. ... ¢/
el o sﬁv _ __%_o 0
A
e =l el LN Y
i ] 1F Bl N L Soge | He——r
VIVOZ 1404y 5 1l: q 1 6/
2l ,uw/“ oy m !
6/ Avyuy oyt H
N <l 6/ oo vl 1% A ]
N AR > 1934 40193 ] 9
o—] o ol 3 9/
] 1E 2934 NI ] S|—
VIVO'€ 14044 3] m . ¢ 934 YOI193A ] 1 logi/ 9/ i
el : PO WOl T L | o3
¥SI e : oleb 4 /
\ . \ 092 [ 0
R Tl aywy YOV A3 [ S
U 1 (4) S 934 HOLO3A \ v L sl 3
VIVO'b 1404 7131: 7 St Storts TR
vl N i 9gg| ] M\\ v
N— g€ 9/ w |
91pg)/




PCT/US88/02810

WO 89/02130

5710

| [ N3 LM XLHOdM
LR R R K RRE KKK K RIX XXX KKKN viva 3iiHm POXXXXXXKXX Lva oruodm
KRR XXX XXX XXX $s3daav_INaW3 13 - IXXXXXXXYXXXYY HAGV WI3A X 1HOdM
QR X XXX XXX XXX LK I XX XKKKKN] SS3¥QaV_Y3151934 POXXXOKXKK 135 93uA *x1u0dm
SO0 SS3”0Qv_3Liam avaavy XX §53uaav_avad_avaav _ OOXOOOOONXX O uy
viva oqumr_\T'Y POOCOODXXY (31980 SnOIA3Yd) vivd aQvad AHV . 1va x1¥0dy
1 | N3QH XL1¥OdH
LXXX XXX XXX KK KKXXKA §538aaV_IN3W313 | HOOV WI3A XLHOJY
KRR XXX KKK KX KR KX KKK AKX R X RER XL KKK KA SS3HAAV _¥315193d KX XXXXXXXXKXK 135 938N x1u0d
_ _ _I ¥12 81
_ _ A0 vi

310AD 311HMm ¥ 310A0 QVI¢———

37040 HOrvn -

| TN

e b le e e el el el 1 Tef >

v 9/4

SUBSTITUTE SHEET




PCT/US88/02810

WO 89/02130

6/10

00~4A 00 vA | 00°¢A [00°2A| 00'1A | 00OA
10°3A 10°€A ] 10°2A ] 1071A ] 1070A | 103A
200A 20ZA[20'1A[20°0n [2073A] 2030
£0A c01A] c00n| oA | £03A| coan
YA bOOA|¥OIA[bOIN[bOAA[v0DA
SOVA SO3A| SUIA| STAA] SUA] SOBA
906A 903A{ 900A] 907A| 908A | 90VA
108A LOGA] LODA| LOBA{ LOVA{ 20'6A
802A 807A| 808A| 80VA| 806A| 80BA
609A 608A| 60VA| 606A| 608A] 601A
0'SA OTVA] or6A| 0rgA| OrZA] orsA
IreA IGA] 1VBA] 11ZA] 119A] 11°GA
UEA[ 000000000 | 2IBA| 2ILA| 2I9A] 2IGA| 2ItA 001
£I2A erLA| £ron] eroa] erva] erea \y
bIIA VM| bIGA| bIoA] brEA] bicA 0N
SI'0A GIGA| SIvA{ SIEA] STzA] STIA
R orvA| oreA| oreA] oria] sroa LURN I 2UXV9
1r3A LUEA] LIZA| 21TA] LIOA] L13A [ ]
8rOA 812 811A| 810A[ 813A] 8I3A b0t~ AVHUY
o olotltololo 0934 HOLIIA
o ololoflol o 1934 ¥o13A |
o olofojolo PR R |
w M M M w M €934 wo13n |
° olololole v O Y0103 |
i o © (o] o (] Lo 66
ZIXY9
{ . J J \ 005
gis bOS7  ¢og Nsw Gog | g~ —
4934 ¥0193A
G 9/4




PCT/US88/02810

WO 89/02130

7/10

ONION3d
“HLSNI

99

101M4N0D “ON

¢99

H1SNI

099

4NJ 1S3a

669

009

9 9/

GE9

4AND JYS

obo—1 &)

S ta

13N
aNv

57 | 1S90

4

069

/

0b3

StHL s

‘180
{ 0av

M— .| L3N
gl NV

——N39 L3S 118

omm#

4710
yis
13s8

AD
934
HOS
JHS
L N39

——819
[
——N39 135 118

41

y1s
13s8

ATD
934
HOS

9 ~ JYS

T A

T W L3S 119

|L—a19 300030]_—b09
1 8

.

H or” | 324N0S|_o 93y-8-0us

91" 410

[—1AW L3S 118

—93b9

—aqav 135 118

- s
ol 13s8

A0
934
HJS
J4S
¢ aav

j.l.
H4—
—adv i3S lig

T uDO%wQ \lNow

” 32%4n0S

- O_w 9l

—C 9347V °O4S

A0

b2
coo11

934[]
xoOJﬂ

410 934 001
lﬂx.m._u 118 1NKW

ﬂr._.um 118 W

|~ 229

.Wl_\.m._u 118 aav

: oww\
129

\2 13S 118 Aav

300030}~ 909

=Tl 150 | ~93u71sa

5

SUBSTITU



PCT/US88/02810

WO 89/02130

8/10

NI~ 04- 114048 Q|Di||=:<>.<-§w-§-5

4

/

2L
R QIVAV-OUS™INH Y
o | o
. 601 ] At —o WISNCLINGT N
T3S SN LU0 o510 —o g3y
001 Q4
13593”21800y o— Lo o3y -qus W
o 801 | o el 15 of—TIA~¥S ~ISY T 1NN
B yisKEInA-INvIS | SP :
N13A" NS LSVT 1K~ - WL oo © ULSKITLINATINK T JNDON"INH .
L fooo o —o ¥
911 i B
) ) vaI N EN N - ]
N3LA-Z LY0dM \ : SSIHI0¥dNI 04~ TNH
INOG ~LINA TN —— cSL_| 08l
ASNA-LINA- NN
) 091 ! i
el— 12758 Y H ) [ H ol
ONI Scmh . _
§-§>-E§§@\ ,_M”mﬂ TS L _|§-EE=_ TN "LYVLS
. ol ISEW E H LSCET oY 1SN “LININ
- - 1 ( Aol 1sa -
135934A ™ 2180dMOo—p] im0 7 ana—o 937150

7
8cl

9L

1241

0¢L

SUBSTITUTE BHEET




PCT/US88/02810

WO 89/02130

9/10

N3 QY e 1404y olm_lllei,m-gw-ai-ﬁ

b\

sP

YISNIQaY14Y1S—

ove  —4NDTON-aav

SS3YI0Ud NI QY "aay

N1974L
—H1SNITQ0VLYVIS

28
NI GH-bLHOJY VA"V Q¥S™ G0V 1
Q_M/\ ONI - -
| 08| 3H,——o HISNILINAGOY
135 93YA € 140dY o—y— gl T T
008 | ‘aalk
135~ 9TUN bLHOY Oo—yp—] HINO o 934V 08S
—~] NI xn_onm.—.
808 g0
MOV WTIA /€ 1H04Y H1ND
7~ = - N
N13A™24S 1SV 00Y - big | ULSNILINAOQY
, \|\¢zo g —=< YA
918 ] 1 ]
NI"LACTLNOdM o [ T
7 ]
IN0G ~LINAO0Y —— cS88 | 068
oba ASNE-LINN-0aV
A aLl— e H [ H ET) lomm
_ - INI 14.1 ' B
AV WT3IA ~ 1LHOdM Y Y Gav 1Gvis U iy
gk %8 —ywal

ONI
al

4710
lie gav

e B 135
3 N g
(dav

a7 1o U ISNI"LINnaay
1sa

JN3L—o 934 "1S0

HSTIIUA T TLHOIMO—5 YIND
8¢8

f L4
v

34

7 /4

928 8 028

9=HTIA"YS 1SV aav




PCT/US88/02810

WO 89/02130

10710

106

— W13 JYSTISYTNI)

AND"ON"JY01S™NID

nr
0— WI3AISGTISYT N9

L3N80 0N"av01™N39

. £06
. 0IVA VIV U S
NI"IN Eon_?_MDHz.“_-o:_S; 934OUS NI ONI-L_0 TWQ g
. | O
N304 01404 P Jus HISNI™ 3OS NIT 1HIS
0¢6
Ay 93045 N39 DN
135 93K 0L0d o——— 1ML o azry-gus
006"
NI
o S06~] ¥ —ous-N3g-avoT
YOV~ WTIN01H0dY o—; 4N
a7 1o UISNITLINN39
W13K085 ISV T NT9 I
:\ Y N.EII&.;
26 686 006 056
-6
WA IS0V TN39 o omrisrnaeon  SLSTNIoN-L o
| b6 -
OV TN HOIN S JelE L MISNrOOT NI TS
bI6” o -
a1 9°avol
TSSO LM o—5- Lo s3ylSg
26

6 9/4

SUBSTITUTE SHEET




3

INTERNATIONAL SEARCH REPORT
International Application No. PCT/US88/02810

I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) €

According to International Patent Classification (IPC) or to both National Classification and IPC
IPC (4): GO6F 15/347
U.S. Cl. 364/200

Il. FIELDS SEARCHED

Minimum Documentation Searched 7

Classification System Classification Symbols

U.S. 364/200, 900 "MSFILE"

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched 8

1ll. DOCUMENTS CONSIDERED TO BE RELEVANT ¢

Category * Citation of Document, ' with indication, where appropriate, of the relevant passages 12

Relevant to Claim No. ¥

X US, A, 4,665,479 (OINAGA) 12 MAY 1987 -4, 7-10, 2429

See ABSTRACT; Figs. 3 and 8B 32, 34, 4344
Y US, A, 4,617,625 (NAGASHIMA) 14 OCTOBER 15-23
1986 See Figs. 8, 15, 16
X US, A, 4,680,730 (OMODA et al.) 14 JULY 39-42

1987 See ABSTRACT and Figs. 4-5, 8-12

A US, A, 4,490,786 (NAKATANI) 25 DECEMBER 5-6, 11-14, 30-31
1984 See Figs. 1-5 35-38, 45-55
* Special categories of cited documents: 10 wT" later document published after the international filing date

or priority date and not in conflict with the application but

AN . N . .
“A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance

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

up* document published prior to the international filing date but
later than the priority date claimed

invention
“E" earlier document but published on or after the international X" document of particular relevance; the claimed invention
H
filing date cannot be considered novel or cannot be considered to
u d%currlnant which may éhrow }:ﬁoubts' on priority cl?im(s) or involve an inventive step
which is cited to establish the publication date of another wyn g . : : :
4 itati i : ocument of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

“&" document member of the same patent family

{V. CERTIFICATION

Date of the Actual Completion of the International Search

24 OCTOBER 1988

Date of Mailing of this International Search Report

12 DEC 1988

International Searching Authority

ISA/US

Signature of Authorized Officer

7 3
Emily Chan é‘)m:.,é/ %ﬁ«b

Form PGT/ISA210 (sacond sheet) (Rev.11-87)

Lo




international Application No. PCT/U588/02810

FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET

V.D'OBSERVATI'ONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE!

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:

1.D Claim numbers , because they relate to subject matter 12 not required to be searched by this Authority, namely:

.

Z.D Claim numbers_______ .., because they relate to parts of the international application that do not comply with the prescribed require~
ments to such an extent that no meaningful international search can be carried out 3, specifically:

>
.

because they are dependent claims not drafted in accordance with the second and third sentences of

3.[] Claim numbers,
PCT Rule 6.4(a).

Vl.@ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 2

This International Searching Authority found multiple inventions in this iniernational application as follows:

I Claims 1-38 and 43-55 drawn to a vector register circuit classified

in class 364 subclass 200.

II Claims 39-42 drawn to a memory for storing data into and receiving data
from a logical vector register classified in class 364 subclass 900.

1.@ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims
of the international application. Telephone Practice

2.[! As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the infernational application for which fees were paid, specifically claims:

S.D No required additional search fees were timely paid by the applicant. Consequently, this international search report is resfricted to
the invention first mentioned in the claims; il is covered by claim numbers:

o

4. As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not
invite payment of any additional fee.
Remark on Protest
D The additional search fees were accompanied by applicant’s protest.

I:I No protest accompanied the payment of additional search fees.

L

Form PCT/ISA/210 (supplemental sheet (3 (Rev. 11-87)



&b

PCT/US88/02810

Detailed Reasons For Holding
Lack Of Unity Of Invention

I. Claims 1-38 and 43-55 drawn to a vector
register circuit classified in class 364 subclass 200.

II. Claims 39-42 drawn to a memory for storing
data into and receiving data from a logical vector

register classified in class 364 subclass 900.

The above inventions lack unity under PCT Rule
13 since the inventions I and II are related as
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and write ports for serving register file access

requests.
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