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This invention pertains to a computer with a reduced
instruction set capable of handling unaligned
references, and more particularly, the reading and
writing of data having fractional word length, ds well

as a method for handling the same.

A new development in computer architecture has been the
introduction of so called RISC (Reduced Instruction Set
Computer) devices, in which each instruction is ideally
performed in a single operational cycle. Such devices
are advantageous over computers having standard
architecture and instruction sets in that they are
capable of much higher data processing speeds due to
their ability to perform frequent operations in shorter
periods of times. Frequently, computers and similar
data processors must be able to handle data having
fractional word length. For example, although many
computers are designed to handle words two or four bytes
in length (i.e., words of 16 or 32 bits each), certain
peripheral devices and applications generate or accept
data of only one or two bytes. This is often the case
with data processing programs and products. One result
of this type of data is that it produces an unaligned

PCT/US87/03422
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reference. Namely, for a machine capable of handling
four-byte words (32 bit devices), if incoming data is
located sequentially as two bytes of data foilowed by
four bytes of data, the four bytes of data cannot be
retrieved or stored in a siﬁgle cycle because it would
overlap a word boundary within the memory. This effect
is even more problematical if a word overlaps'a page
boundary within the memory because, if a virtual memory
system is used, only a portion of the word may actually
reside in addressablé'iemory. Therefore, prior art RISC
devices either do not accept data in this form, in which
case special procedures must be followed to ensure that
all data is aligned in word boundaries, or very involved
programming is required which uses up at least two
consecutive instruction cycles. One way to ensure for
example that all data is aligned in word boundaries
would be to add extra bits to data of shorter length,
usually known as bit stuffing. Whether bit sEuffing is
used or the programming is altered, it is obvious that
unaligned references seriously degrade the performance
of prior art RISC devices.

Also, it should be noted that data is organized in
modern computers in either of two formats or in some
combination of those formats. The formats are known as
"big endian," in which the high order bit, byte, or
other unit of information isrlocated'ih the lower
numbered unit address, and "little endian," in which the
high order unit of information is iocated in the higher
numbered unit address. Thus, in a true big endian
computer architecture, bits of data are thought of as
being lined up from left to right, the lowest numbered
and most significant bit béing on the left. When this
string of bits is divided into, for example, 8-bit
bytes, 16-bit halfwords, and/or 32-bit words, the lowes=:
numbered ané most significant byte, halfword, or worc
continues to be located on the left. In a true little
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endian architecture, the scheme is exactly the opposite.
Bits, bytes, halfwords, and words are numbered right to
left, the least significant bit, byte, halfword, or word

being located on the right.

SUMMARY OF THE INVENTION

In view of the above, it is an objective of the present
invention to provide a means and method of handling
unaligned references within a RISC device.

Another objective is to provide a RISC device which is
capable of loading or storing an unaligned reference in
a reduced number of instruction cycles, thereby
maintaining a high processing speed for the device.

A further another objective is to provide a method and
means of handling unaligned references which can.be
easily implemented, without any major changes in the

hardware or the operating system.

Other objectives and advantages of the system shall
become apparent from the following description of the

invention.

Briefly, a RISC device for handling unaligned references
includes an instruction set which has four instructions:
two instructions (Load Word Left and Load Word Right)
for loading an n byte unaligned reference from a memory
into an n byte general register; and two instructions
(Store Word Left and Store Word Right) for storing an
unaligned reference from the general register into the
memory. The two instructions are used sequentially in a
manner which allows the corresponding instruction
sequences to overlap. Therefore, the total time
required to store or load an unaligned reference is much

shorter than the time required to execute two
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The device includes several latches through which data
is propagated during the above-mentioned'inStructions
and a multiplexer register used to assemble the
different sections of an unalignéd reference. -

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example
and not limitation in the figures of the accompanying
drawings, in which like references indicate similar

elements, and in which:

Figure 1 shows in diagramatic form elements of an
emdodiment of the present invention;

Figure 2 shows the general register after a Load Word
Left instruction; '

Figure 3 shows the general register after a Load Word
Right instruction;

Figure 4 shows successive operational intervals for Load

Word Left and Load Word Right instructions;

Figure 5 shows the general register and the cache memory

before the STORE instructions;

Figure 6 shows the cache memory after the unaligned
reference has been stored; and '

Figure 7 shows, in block diagram form, a circuit
arrangement used for executing the instruction set.

DETATILED DESCRIPTION OF TEE INVENTION

PCT/US87/03422
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Embodiments of the invention shall be described in
connection with a 32-bit device, i.e., a RISC device in
which four-byte words with eight bit bytes are handled.
However, it should be understood that the means and
method for handling unaligned references described
herein is equally applicable to devices that handle

longer or shorter words or bytes.

Further, although this description is with respect to
big endian addressing, it is equally applicable to

little endian addressing.

With reference to the drawings, Figure 1 shows a RISC
device 10 comprising an instruction memory 12 (which is
comprised of random access memory ("RAM"), read-only
memory ("ROM"), or an instruction cache memory) which
holds the instructions which make up the operation
system of the device, an arithmetic logic unit ("ALU")
14, a general register 16, and a cache memory 18. The
general register 16 is four bytes wide, and cells are
identified in Fig. 1 as cells J, K, L, and M,
respectively. Similarly, cache memory 18 is organized
to hold data in rows, with each row of four bytes being
addressable simultaneously. Each row therefore can be
identified by the first cell of the row. Thus, the
cache memory is made up of rows 0, 4, 8, etc. For
example, cache memory may contain a two byte data group
X1, X2; a four byte data group D1, D2, D3 and D4; and
another two byte group Y1 and Y2. As can be seen from
Figure 1, because the first group (X1, X2) is only two
bytes long, the full or one word long data group D1-D4
overlaps the boundary between rows 0 and 4 of the cache
memory. As a result, if a normal load instruction is
used such as LOAD WORD 0 to load the contents of memory
row 0 into general register 16, only the first two bytes
DI and D2 are obtained. Special provisions must be made
to save these bytes and then LOAD WORD 4 to obtain the

PCT/US87/03422
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remaining bytes D3 and D4. This is accomplished in the
present invention by using two special instructions
named Load Word Left and Load Word Right hereinafter
called LWL and LWR, respéctively. Each of these

5 instructions is followed by two arguments. The two
instructions and their arguments are defined more
specifically below:

TABLE 1
10 LOAD INSTRUCTIONS
Instruction . Arguments ‘Function
Load Word Left R, Byte Address  loads the left portion
15 ~ of the-register R with
' data beginning at the
specified memory byte
~ address and proceeding
| rightward to the memory
20 word boundary.

Load Word Right R, Byte Address loads the right portion
of the register R with
data beginning at the

25 7 , memdry word boundary and

'Vproceeding rightward to
the specified memory

byte address.

30 As shown below, at the end of the fourth interval, the
data bytes removed from the cache memory are saved in
the general register in such a manner that they are not
erased by the next load operation (LWR). This allows
the bytes obtained by LWL and LWR instructions to be

35 combined properly. -

nus, in crder to load word D1-D4 from the cache memory
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into the general register 16, first the following
instruction is used: LWL R,2. This instruction loads
bytes D1 and D2 into cells J and K, respectively, as
shown in Figure 2. Thereafter, the instruction LWR R,5
is used which loads bytes D3 and D4 into cells L and M,
respectively, as shown in Figure 3, thereby completing
the loading of the word. In general, for a big endian
device and a memory having rows four bytes wide, if the
Byte Address for the LWL instruction is X, the Byte
Address for the corresponding LWR instruction is X + 3.

Advantageously, the two instructions described above may
be executed in an overlapping matter. Thus, the
following five step sequence may be required to perform
one of the load operations described above:

Fetch instruction from the ROM (step "I"):
Read Register File (step "R"):

Compute address (step "AM);

Access Cache Memory (step "M"); and

Write into Register File (step "W").

Ul o W N
e e s 2 e

These steps are taken by the ALU 14 and may be
overlapped as shown in Figure 4 as follows. The first
instructior -- LWL R,2 -- may start during interval 1
and end in interval 5 with each of the intervals being
used for one of the steps I, R, A, M, and W as defined
above. However, the second instruction -- LWR R,5 --
can start during interval number 2 as shown in Figure 4.
Because the device does not have to wait for the
completion of the second instruction before the
completion of the first, the overall speed of operation
of the device is increased. Thus, the total time
required to load the unaligned reference word requires
only six intervals, only one interval more than the

number of intervals required for a single instruction.

PCT/US87/03422



WO 88/04806

10

15

20

25

30

35

g

The pair of LOAD instructions LWL and LWR can be
executed in either order, however; either LWL or LWR can
come first. Furthermore, the LOAD instructions still

work when they are not adjacent.

The above-described procedure is readily extendable to
the storage of an unaligned reference. In Figure 5,
general register 16 contains a four byte word El, E2, E3
and E4 which is to be stored in the same order in
positions P1-P4. 1In order to perform this operation,
the device uses the instructions Store Word Léft ("SWL")
and Store Word Right ("SWR"), each having two arguments.
The two STORE instructions are defined in table 2 below:

TABLE 2
STORE INSTRUCTIONS.

Instruction : Arguments - Definition
Store Word Left ‘R, Byte Address stores data from

the left portion
of the register R
into the
spécified memory
byte address and
proceeding
rightward to the
mémory word

boundary.

Store Word Right R, Byte Address stores data from
' the right portion
of the register R
into the memory
'byte‘just after
the memory word
boundary, and

- proceeding

PCT/US87/03422
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rightward to the
specified memory
byte address.

In general, for a big endian device and a memory having
rows four bytes wide, if the Byte Address for the SWL
instruction is X, then the Byte Address for the

corresponding SWR instruction is X + 3.

At the end of the first STORE instruction, bytes El and
E2 are stored at addresses 2 and 3, respectively, and at
the end of the second store instruction, bytes E3 and E4
are stored at addresses 4 and 5, respectively, as shown

in Pigure 6.

Like the LOAD instructions, the STORE instructions can
be executed in either order; either SWL or SWR can come
first. PFurthermore, the STORE instructions still work

when they are not adjacent.

A circuit for executing the four instructions is shown
in block diagram form in Figure 7. This circuit may be
implemented directly, or by using software. The circuit
comprises a shift/merge unit 20 which receives an input
from cache memory 18 and generates an output which is
fed (in parallel) to a latch 22. The latch 22 in turn
feeds a general register 16 to be designated by the
argument R in the appropriate instruction. The contents
of general register 16 are propagated during each
operational interval though a latch 24, shift unit 26,
and latch 28. Latch 28 can feed the cache memory 18.
There is also a first feedback path from the output of
latch 28 to a first input of bypass multiplexer unit 30.
The multiplexer unit 30 has a second input connected to
the output of latch 22 which therefore forms a second
feedback path. The output of multiplexer unit 30 is
also fed to shif:/merge unit 20. During the STORE
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instructions, the multiplexer 30, shift/merge unit 20,
and latch 22 are not in operaﬁion. Durihg the LOAD
instructions, shift unit 26 merely feeds through the
data from latch 24 to latch 28 without any appreciable
time delay. One of the'purposes of latch 24 and latch
28 is to match the deiay of the circuit path containing
those latches with the number of steps making up an
instruction. If the number of steps making up an
instruction were increased or decreased, the number of

‘latches in the circuit would change accordingly. The

circuit of Fig. 7 operates as follows.

A LWL instruction is received during interval 1 (see
Figure 4). Then in interval 4, the four bytes from the
row containing the address defined in the argument Byte
Address are shifted to the left by the shift/merge unit
20 and merged with what had been the contents of the
general register 16 two intervals earlier. (The
contents of general register 16 having been fed through
latch 24, shift unit 26, latch 28, and.byPass
multiplexer 30). The results of this operation are
stored in latch 22 at the end of interval 4. Thus, if
row 0 is read from the cache memory 18, latch 22 will
contain the bytes D1, D2, Y, and Z, wherein Y and Z were
the earlier contents of géneral register 16 memory cells
L and M. Earlier, during interval 2, instruction LWR
R,5 is also received. 1In interval 5, the contents of
latch 22 are fed to general register,lS. At the same
time, the LWR instruction causes the contents of the row
4 to be read into shift/merge unit 20. This time these
bytes are shifted right until the end of the word
boundary. Because the two instruétions'refer to the
same general register and areradjatent, multiplexer 30
is now set to feed the contents of latch 22 to
shift/merge unit 20. Thus, during interval 5, the bytes
D1, D2, b3, and D: are assembled'within the shift/merge

unit 20 ané fed to latch 22. During interval 6 these

PCT/US87/03422
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bytes are fed to register 16.

The STORE 1instructions are executed as follows. The
unaligned reference word is fed from the general
register 16 (identified as register R) to latch 24.
During the first STORE instruction -- SWL R,2 -- the
word fed from latch 24 is shifted in shift unit 26 to
the right by two bytes so that bytes El and E2 are in
the right hand position. The contents of the shift unit
26 are then fed to latch 28, which then sends the same
to the address 2 of the cache memory. More
particularly, for SWL R,2, El and E2 are stored at
locations Pl and P2, respectively, without disturbing
the contents at memory address 0 and 1 (Figs. 5 and 6).

The unaligned reference word is again fed from general
register 16 to latch 24. In response to the SWR R,5,
the contents of latch 24 are shifted to the left so that
bytes E3 and E4 are on the left side of the shift unit
26, and are then fed to row 4 by latch 28. More
particularly, during SWR, bytes E3 and E4 are stored in
locations P3 and P4 without disturbing the contents at

addresses 6 and 7.

In devices in which error correction coding ("ECC") is
used, a read modify write cycle is performed so that a
new ECC Code is calculated after each STORE instruction.

As with the LOAD instructions, the STORE instructions
SWR and SWL are overlapped to reduce the overall time
required to complete the instructions. Thus, the two
instructions required to store the unaligned reference
require only six intervals, only one interval more than
the number of intervals required for a single
instruction. t should be appreciated that since each
row of the cache memory is handled separately on an
individual basis, the fact that a reference may overlap

PCT/US87/03422
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a page boundary within the memory has no effect on the

device.

It should also be noted that the pair éf'STORE
instructions can be executed in either order; either SWL
or SWR can come first. Correspondingly,vthe pair of
LOAD instructions can also be executed in either order;
either LWL or LWR can come first. Further; the LOAD
instructions still work when they are not adjacent, and
the same is true with respect to the STORE instructions.

The above set of instructions are suitable for a big
endian device, i.e., a device in which the leftmost bit
is the most significant bit. However, the same
arrangement and procedure may used for a little endian
device, i.e., a device wherein the leftmost bit of a
byte is the least significant bit. The only change that
needs to be made is to increment the address value of
the arguments to the LWL and SWL instructioné by 3
rather than to increment the arguments to the LWR and
SWR instructions (as is done in the big endian device).
Alternatively, a generic set of instructions could be
used by changing "left" and "right" in the above
instructions to "lower address" and "higher address,”
wherein the "lower address" instructions would operate
as "left" on a little endian machine and "right" on a
big endian machine, and the "higher address"
instructions would operate as "right" on a little endian
machine and "left" on a big endian machine. This set of
instructions could also be used for devices which can
handle both big endian and little endian data (i.e.,
dual byte order devices).

In the foregoing specification, the invention has been
described with reference to specific exémplary
embodiments therecf. It will, however, be evident that
various modifications and changes may be made thereto

PCT/US87/03422
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without departing from the broader spirit and scope of
the invention as set forth in the appended claims. The
specification and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive

5 sense.
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What is claimed is:

1. A method of loading an unaligned reference from a
memory into a general register'of a computer, said
reference straddling a word boundary so that one
portion of the reference is on one row and a second
portion of the reference is on a next consecutive
row of said memory comprising the steps of:

a. retrieving said first portioniduring an nth
instruction;

b. retrieving said second portion during an
(n+k)th instruction; and

c. merging said first and second portions,

wherein k and n are positive integers.

2. A method of storing an unalignéd reference into a
memory of a computer, said unaligned reference
straddling a word boundary, whereby said boundary
partitions said word into first and second
portions, comprising the steps of:-

a. storing said first portion at a section at one
row of said memory within an nth instruction;
and

b. storing said second portion at a section of a
next consecutive row of said memory during an
(n+k)th instruction, wherein k and n are

positive integers.

3. The method of claim 1 wherein said_nﬁh and (n+k)th

instructions are overlapped.

4. The method of claim 2 wherein said nth and (n+k)th

instructions are overlapped.

-

o
[

a reduced instruction set computer, a device for

tt

n
etrieving an unaligned reference Zrom a memory

0

omprising:
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a. a general register;

b. means for retrieving a first portion of said
unaligned reference in response to an nth
instruction and a second portion of said
unaligned reference in response to an (n+k)th
instruction; and

c. combining means for combining said first and
second portions, wherein k and n are positive

integers.

6. In a reduced instruction set computer, a device for
storing an unaligned reference into a memory
comprising:

shifting means for shifting said unaligned
reference in a first direction in response to an
nth instruction and in a second direction in
response to (n+k)th instruction, said means
generating sequentially a first and second portion;
and

means for storing said first and second
portions sequentially into said memory, wherein k

and n are positive integers.

7. In a reduced instruction set computer, a device for
loading a first unaligned reference having first
and second portions, said first portion being
stored into a first section of a memory and said
second portion being stored into a second section
of said memory, and for storing a second unaligned
reference into said first and said second sections,
comprising:

a shift/merge'unit having first and second
inputs and being provided to shift first data bytes
received from said first input, said first input
being coupled to said memory unit to receive said

rst and second portions sequentially, and merge

~
F -
PO

said first data bytes with second data bytes from
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said second input;

a first latch means for storing said first and
second data bytes, said latch having an output
coupled to said second input;

a general register coupled to said first latch
means and provided for holding selectively one of
said first or second unaligned references;

a second latch means coupled to said register
for storing said second unaligned reference;

shifting means for shifting said'second
unaligned references; and '

output means for storing said second unaligned
reference after shifting by said shifting means

into said memory.

The device of claim 7 wherein said shift/merge unit
shifts bytes received from said memory in a first
direction in response to a first load instruction,
and in a second direction in response to a second

load instruction.

The device of claim 7 wherein said shifting means
shifts bytes received from said second latch means
in a first direction in response to a first store
instruction, and in a second direction in response

to a second store instruction.-

The device of claim 7 further comprising a bypass
multiplexer for'selectivély coupling to said second
input one of the outputs of said first and second
latching means.

The device of claim 8 wherein said first and second
load instructions are at least partially
overlapped. '

The device of claim 9 wherein said first and second
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store instructions are at least partially

overlapped.
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