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which, in response to various external events such as the depression of a
key on a keyboard or This invention relates to memory addressing     the
request for more information to be printed by and, more particularly, to
apparatus and method   a printer, will cause departures from the basic for
accessing an amount of memory greater than    5    loop. Typically, the
program governing the result can be normally accessed using a given size
desired for any one departure will be contained as address bus.
a separate program module which physically It is well known from the prior
art that one can  exists in a different page than the basic loop. In
increase the size of the memory addressed by an   preparing the program,
programmers typically address bus carrying N bits of information from    10
prepare each group of instructions constituting a the normal 2N locations
to some multiple of [err] by  program module separate and apart from one
utilizing the technique of paging. This technique  another. Not until the
programming has been generally is implemented by providing a large
completed is each of the program modules stored memory having pages broken
into [err] addressable    in memory. The precise organization of the
segments and further providing an external regis-   15   memory and the
modules will depend on the size ter which can be set by a processing unit
to      of each individual module. For example, for large provide a given
code selecting one of the various  program modules, it may be possible to
store pages. An example of such a system is shown in    only a relatively
few in a page of memory. On the the document US-A-4,037,211 to Ikuta et al,
other hand, for short modules, a large number granted July 19, 1977. In
this patent, a single   20   can be stored on each page. In practice, both
large register is provided to enable one of the  several   and some small
modules are assigned to each pages  of the memory. Each time a memory
page so that the maximum possible locations per operation on a new page is
to occur, it is        page are utilized. necessary to reset the single
register. For         During the initial programming, the pro- instance, if
it is desired to read information from    25   grammer is unable to
determine precisely which one page of the memory and store it into a
page a program module will be assigned and different page of the memory,
the page register   hence the programmer cannot program in the will have to
be set before each read and each     necessary page enabling codes needed
to trans- write. Thus, what normally would be a simple      fer program
control from one module to another. sequence of read from one location and
write to   30   Accordingly, some scheme must be developed to another
location requiring two instructions would  allow this to be easily and
automatically accom- require four instructions. Specifically, it would be
plished, irrespective of where the program necessary to set the page
register, read the      modules are ultimately placed. During the pro-
information, set the page register and write the  gramming process, all
that can be required of the information. The prior art  paging technique
35   programmer is to cause a transfer from one becomes more cumbersome in
those systems          identified (by name or identification number)
organized such that one or more pages of the      program module to another
identified program memory are dedicated to storing program           module
without considering the location of either. instructions, such as in read
only memory, and    One way to do this is to utilize a table storing the
other pages of the memory are dedicated to being   40   program  names  by
identification  number used as general purpose random access memory.
together with an associated page number and In this case, it would be
necessary to set the page  address within the page in a master table for
the register first to obtain the instruction, then set it a  identified
program. second time to read information from the random     The object of
the invention is therefore a page access memory and then set the page
register a    45   addressing mechanism in a computer system third time to
write information into a different  having memory means divided into
addressable portion of the random access memory.              pages, and a
processing unit which provides A system partially obviating such drawbacks
is  control signals manifesting a type of memory described  in US-A--4042
913.. This patent        operation to be performed, said page addressing
relates to instruction operated controls for load-   50   mechanism
including addressing means for ing or storing address key values into or
from one  addressing the pages of said memory means, a or more address key
register sections of an       plurality of register means each of which is
address key register, from or to a word in either a  separately
programmable by the processing unit main memory or a general purpose
register.        to store data capable of being selectively pro- There is a
separate key register section for each of   55   vided as page signals for
selecting one page of the storage access types designed in the system,  the
memory means, each of the register means thereby providing the capability
for obtaining    being associated with a distinct type of memory separate
addressability in the main memory for    operation, and decoding means
responsive to the each of the different types of storage accesses.  control
signals for selecting one of said register In utilizing a paged memory
scheme to its   60   means to be enabled to provide the page signals.
fullest advantage, some easy and simplified pro-    The memory means
comprises a first portion of cedure must be established to allow for the
random access memory formed of a first plurality orderly and automatic
transfer of addressing from  of pages, and a second portion of read only
one page to another. For instance, in a typical   memory formed of a second
plurality of pages for program, a basic system operating loop will exist
65   storing a plurality of program modules each of 2    



3               0 057 815                     4 which being identified by a
program module         Referring now to figure 1, paging apparatus is
identification code. Each page of the read only  shown and is used for
addressing a paged memory includes at least one page section corn-  memory
12 in response to signals provided from prising a page table with a
plurality of entries,  a central processing unit (CPU) 14. CPU 14 pro- each
entry containing one program module iden-   5   vides signals over an
address bus 16, a data bus tification code in that section and a code
manifest-  18 and a control bus 20. The address bus 16 ing the address in
that section for that one     contains sixteen lines, whereby CPU 14 can
program module, and a page of said random        directly address 65,536
(64K) locations of access memory includes a transfer vector table
memory. As described herein, each location will which is addressed in
accordance with the iden-   10   be considered to be the equivalent of
eight binary tification code of each program module and       digits (bits)
or, one byte, of information. Data bus includes a pointer to the page
section in which the  18 consists of eight lines used for carrying eight
program module having the identification code    bits, or one byte, of
information between CPU 14 resides, whereby a pointer for an identification
and memory 12, as well as between CPU 14 and code of a program module
different from the   15   other portions of addressing apparatus 10 requir-
program  module currently executed can be       ing data to be provided
hereto or which provides looked up to obtain  the address of this different
data to be sent to CPU 14. Control bus 20 consists program module and to
select the page of the     of a plurality of lines which signify different
read only memory in which the different program  operations which are to be
performed by CPU 14. module resides.                            20   For
instance, if memory 12 is to be read, one set of In utilizing this
mechanism, a programmer now  signals will appear on control bus 20, whereas
if need only assign an arbitrary identification code  the information on
data bus 18 is to be written to each program module and then provide the
into memory 12, a different set of signals will appropriate transfer, by
way of, for instance, call  appear on control bus 20. The detailed
description or jump instruction, to the coded identification   25   of the
various signals appearing on control bus 20 number. Other program modules
within the total   will be described hereafter when a more specific program
can then utilize the tables provided     description of CPU 14 is given in
figure 2. (which identify the location of the program mod-   Memory 12
consists of read only memory ule) to cause a transfer to that module. This
(ROM) and random access memory (RAM), each greatly simplifies the
programmer's task in pre-   30   addressable within the 64K adressing space
of paring the program and provides an automatic     address bus 16. The
first 32K address space is mechanism to allow the transfer from one pro-
used for read only memory in which the various gram module to another
before all of the indivi-  program modules are stored. The read only dual
program modules are known or their specific  memory is further broken down
into unpaged, or addresses in the program storage means are   35   base,
ROM 22 contained within the first 16K determined.
address locations and paged ROM 24 contained One preferred embodiment of
this invention is        within the address locations between 16K and
hereinafter described with reference being made  32K. The paged ROM 24 is
divided into zero to the following drawings in which:              through
N pages of 16K bytes each. At any given Figure 1 is a block diagram
showing the   40  time only one of the zero through N pages will be
addressing apparatus for addressing a page       enabled by chip select
signals applied thereto memory.
from ROM address decode circuit 26. Figure 2 shows in more detail the
central        The random  access memory is organized processor unit and
the paged bit generating      similar to the read only memory in that
unpaged means of the addressing circuit shown in figure 1.   45   base RAM
28 exists from the address locations Figure 3 shows in more detail the read
only    from 32K to 48K and zero through N pages of memory and the address
decoding circuit there-   paged RAM 30 exists from locations 48K through
fore, shown in figure 1.                         64K. With regard to the
paged RAM 30, at any Figure 4 shows in more detail the random       given
time only one of the pages may be selected. access memory and controller
and decoding cir-  50   This selected page will respond to address signals
cuit therefore shown in figure 1.                on address bus 16 from 48K
through 64K. It Figure 5 shows a page table entry.          - should be
noted that any address signal between Figure 6 shows the organization of
the page    32K and 48K will automatically address base RAM table within
one page section.                   28. Figure 7 shows a transfer vector
table entry.  55  The particular one of the pages selected from Figure 8
shows a flow diagram representing a   paged ROM 24 or paged RAM 30 is
determined by series of operations performed for building the  the signal
at the output of page registers 32. This transfer vector table.
signal, referred to as Page Bits 0 through M is Figure 9 shows a flow
diagram representing a   provided from one of a plurality of selected page
series of operations performed in scanning the   so  registers within page
registers 32 over page bits page table in each page section of program
bus 34. The number of page bits, M+1, provided storage memory; and
from page register 32 will determine the number Figure 10 shows a flow
diagram for a sequence  of possible pages of each of paged ROM 24 and of
operations allowing for the transfer from one  paged RAM 30. For instance,
if M is equal to program module to another.                 65   seven,
whereby eight page bits are provided, then 3    



5                  0 057 815                      6 the number of pages
will be 256 or, if M is equal to  bus 46 signals are applied to base RAM 28
and the three, whereby four page bits are provided, the   RAS1, the CAS bus
48 and the RAM address bus number of pages of paged ROM 24 or paged RAM
46 signals are applied to the paged RAM 30 to 30 will be sixteen. For the
embodiment described  select at least a portion of one of the RAM pages
herein in figures 2-4, M is selected to be three.    5    and address one
location within that page. The Page registers 32 may consist of a plurality
of  details of the addressing scheme of the RAM is registers, each of which
is assigned to a different  described in more detail in figure 4. function
to be performed by CPU 14. For instance,   Referring now to figure 2. A
more detail dia- if an operation fetch function is performed by CPU  gram
of CPU 14, page register decode 36, page 14, whereby a program instruction
is read from    10  registers 32, and read page register gate 38 is paged
ROM 24, one of the registers in page        shown. CPU 14 consists of a
microprocessing unit registers 32 will be enabled to provide the page  and
a DMA device. bits on bus 34. Separate registers within page      The
microprocessor includes an accumulator, registers 32 are also provided for
the operations  or A, register and six other temporary storage of reading
from the paged RAM 30, writing into   15  registers which are identified as
the B, C, D. E, H'; the paged RAM 30 and DMA operations in which      and L
registers. These registers can be used a Direct Memory Access (DMA)
controller is        individually or in groups of two, such that B and C
utilized to read or write from paged RAM 30. Of   registers form one group,
the D and E registers course, page registers 32 may include additional
form a second group, and the H and L registers registers for other
functions desired to be per-   20   form a third group. In addition, there
is a program formed by CPU 14.                               counter,
stack pointer and conventional computer Page registers 32 respond to signal
provided    logic in the microprocessor. thereto from data bus 18 and to a
write page        The microprocessor part of CPU 14 provide a register
signal (WT PG REG) provided by CPU 14.   sixteen bit address signal over
the address bus In addition, register selection signals are provided   25
16. The addresss signals are respectively labeled to select one of the
plurality of registers within  A0 through A15. In addition, an eight bit
data page registers 32 from page register decode       signal is provided
over data bus 18 and the eight circuit 36. The selection signals from page
regis-  data bits are labeled respectively D0 through D7. ter decode 36
will select one of the registers    The control bus 10 from CPU 14 consists
of at within page registers 32 to provide data on to   30   least the S1,
the IO/M, and ALE signals. More page bits bus 34. If the WT PG REG signal
from    specifically, the S1 signal is a data bus status CPU 14 is active,
the data appearing on data bus  signal and when it is in  a logic "0"
state,  it 18 will be written into the selected register in page  indicates
that either a halt or write function is register 32.
occurring and when it is in a logic "1" state, it CPU 14 can also read the
signals provided by   35   indicatesthat a read orfetchfunction isoccurring
page registers 32 by the provision of the read    Similarly the 10/[err]
signal indicates whether the page register signal (RD PG REG) to enable the
read/write function is directed to memory orto an read page register gate
38. Read page register    Input/Output (I/O) device. When IO/M signal is
gate 38 responds to the page bit signals on page  logic "1", the
information on the data bus is bit bus 34 and provides these signals back
to data   40   designated for an I/O device and when the [err] bus 18 when
the gates therein are enabled by the  signal is logic "0", the information
on the data RD PG REG signal from CPU 14.                     bus is
designated for the memory. It should be The selection of either the base
ROM 22 or one   noted that the IO/M  signal is in the high page of the
paged ROM 24 is controlled by the     impedance state during the hold or
halt instruc- ROM address decode circuit 26. ROM address   45   tions. The
ALE signal is an address latch enable decode 26 responds to signals on
address bus 16   signal which occurs during the first clock cycle of and
the page bits on page bit bus 34 to provide   a machine state and enables
the address to be one active chip select signals on chip select bus
latched. As used for the present invention, the 40 to enable at least a
portion of one of either the  ALE signal is for the purpose of specifying
when base ROM 22 or one page of paged ROM 24 to   so   the sixteen bits on
address bus 16 are all valid. respond to the address signals on address bus
16.   In addition, the microprocessor part of CPU 14 The exact operation of
this will be explained in  provides conventional read [err] and write [err]
more detail with respect to figure 3.             control signals. Input
output device addressing The selection between base RAM 28 and pages
circuitry can be included within CPU 14 to RAM 30 is controlled by RAM
controller 42 and   55   respond to the [err] and [err] signals to provide
the column address strobe. (CAS) decode 44. RAM       RD PG REG and WT PG
REG signals. The output controller 42 responds to the signals on address
from the DMA portion of CPU 14 is the AEN signal bus 16 and control bus 20
and provides a CAS      which signifies that a DMA transfer is occurring.
signal, two row address strobe (RAS) signals      Normally this signal is
logic "0", but becomes RASO and RAS1, and seven RAM address signals   60
logic "1" during a DMA operation and is used to (RAM A0-A6) over RAM
address bus 46. The          disable the system data and control buses
during CAS signal and the page signals on page bit bus   the DMA operation.
34 are applied to CAS decode 44 which provides      Page register decode 36
is a conventional dual the CAS0 through N signals over CAS bus 48.
four-to-one decoder. Specifically, each of the two The CAS, RAS0, RAS1 and
the RAM address   65   four-to-one decode circuits have four signals 4    



7                  0 057 815                     8 applied to the CO
through C3 inputs and provide  explained hereafter, is designated as the
DMA one of those four signals at the Y output thereof,  page register.
Similarly, if WA is logic "1" and WB , so long as the strobe signal of G
input has a logic  is logic "O", then word 1 will have data written "0"
signal applied thereto. The particular one of  therein; if WA is logic "0"
and WB is logic "1", the input signals applied to the output depends    5
word 2 will have data written therein; and if both upon the state of the
signals applied to the select,  WA and WB are logic "1", word 3 will have
the or A and B, inputs. Specifically, if the two signals  data written
therein. Again, as will be explained in applied to the A and B inputs are
both logic "0",  more detail hereafter, Word 1 is designated as the the CO
input signal is applied as the Y output   Write RAM page register Word 2 is
designated as signal. If the signals applied to the A and B inputs   10
the Read RAM register, and Word 3 is designated are respectively logic "1"
and logic "0", then the  as the ROM page register. In writing, it should be
C1 input signal becomes the Y output signal. If the  noted that it is
always necessary to apply a logic signals applied to A and B inputs are
respectively  "0" signal to the [err] output or the signals applied logic
"0" and logic "1", then the C2 input signal  to the WA and WB inputs will
be ignored. becomes the Y output signal and if both the A and   15  Since
the   input is connected to ground, or B signals are logic "1", then the C3
input signal  logic "0", the signals applied to the RA and RB becomes the Y
output signal. As coupled in page  inputs will cause one of the four 4 bit
words register decode circuit 36, two four-to-one decode  contained in the
4x4 file of page registers 32 to circuits are utilized. The 1 CO through
1C3 inputs of  always be read. Thus, a 4 bit signal will always be the
upper four-to-one decode circuit are respec-   20   applied as the PG BIT
0-3 signals on bus 34. tively coupled to a logic "1" signal,. the
Again, if both RA and RB are logic "O", then word signal, the AO signal,
and the AO signal. The lower  0 or the DMA page register, is read. If RA is
logic four inputs; 2CO through 2C3, are respectively   "1" and RB is logic
"0" then word 1 or the Write coupled to the [err]signal, a logic "1"
signal, the  RAM page register is read. If RA is logic "O" and Al signal
and the Al signal. The strobe signa[err]    25   RB is logic "1 ",the word
2, orthe Read RAM page and[err] for both portions are connected to the
register, is read. And finally, if both RA and RB AEN signal from the DMA
portion of CPU 14 and    inputs have logic "1" signal supplied thereto, the
A and B select signals are respectively     then the word 3, or the ROM
page register, is coupled to the S1 and [err] signal from the      read.
microprocessor portion of CPU 14. The Y output   30  Four page bits from
the particular one of the of the upper four-to-one decode circuit is
labeled  four words of the 4x4 file containing page regis- the OUT A signal
and the Y output from the lower  tars 32 are applied as the PG BIT 0-3
signals on portion of the four-to-one decode circuits is    page bits bus
34. Each line of bus 34 is applied as labeled the OUT B signal.
one input to one of four gates within read page Page registers 32 of 4x4
register file. Briefly,   35   register gate 38. The other input of each
gate has page registers 32 consists of a sixteen bit register  applied
thereto the RG PG REG signal from CPU file organized as four words of four
bits each and  14 to enable the gates to provide the PG BIT 0-3 further
consists of on chip decoding providing for  signals to the data bus 18.
Thus, read page the addressing the four word locations in either a
register gate 38 allows CPU 14 to read the page write in or read out mode.
This permits simul-  40   signal information read from page registers 34.
taneous writing into one location and reading      The RA and WA inputs to
page registers 32 are from another location, if desired.               both
connected to the OUT A signal from page The four low order data bus 18 bits
DO through  register decode 36. The RB and WB inputs to page D3 are applied
to the data input of page registers  registers 32 are both connected to the
OUT B 32. In addition, six control signals are applied to   45   output
from page register decode 36. Connected inputs, respectively labeled WB,
WA, RB RA,[err]   in this manner, the signals at the outputs of page and
[err]. The signal applied to the WA and WB      register decode 36 control
the particular word inputs control which one of the four words will  which
is read from the page registers 32 and have new data written therein as
long as an active  applied to page bit bus 34 as the PG BIT 0-3 logic "O"
signal is applied to the[err] input.The   50   signals. The OUTA and OUTB
signals from page signals applied to the RA and RB inputs control  register
decode 36 will each be one of the signals which one of the four words will
be read when-   applied to the CO, C1, C2 or C3 inputs of the two ever an
active logic "O" signal is applied to the[err]  parts of page register
decode 36, depending on input. As seen in figure 2, the   input is placed
at  the state of the S1 and [err] signals applied to the a logic "0" state
by grounding and thus at any   55   A and B inputs of the AEN signal
applied to the[err] given time, one word consisting of four bits will
and[err] inputs. In the case of a DMA operation, the always be read and
applied as the PG BIT 0       AEN signal becomes logic "1", thereby causing
through 4 signals on page bit bus 34.           the OUTA and OUTB signals
to both become logic In operation, if logic "0" signals are applied to
"0". These signals, when applied to the RA and both the WA and WB inputs
and the [err] inputs is   60   RB inputs of page registers 32, cause the
DMA at logic "0", the word 0 contained within the 4x4  page register, or
word 0, to be read and the bits file of page registers 32 will have the
data applied  stored therein become the PG BIT 0-3 signals over lines DO
through D3 of data bus 18 written  applied to page bit bus 34. therein. As
shown schematically, in figure 2, word  In the event it is desired to write
information zero is in the left-most word and, as will be   65  into the
random access memory, the S1 signal 5    



9                  0 057 815                      10 becomes 'logic "0" and
the [err] signal is logic  diagram of the ROM address to decode circuit 26
"0". In this event, the C0 inputs to both portions of  is shown in
conjunction with the base ROM 22 the four-to-one decode circuits making up
page    and the paged ROM 24 of the memory 12. ROM register decode 36
become the OUTA and OUTB       address decode 26 includes a pair of
two-to-four signals. In other words, the OUTA becomes logic    5    decode
circuits 50 and 52 and a pair of three-to- "1" and the OUTB signal becomes
the value of      eight decode logic circuits 54 and 56. As shown in signal
[err] which is the complement of the signal  figure 3, only pages 0, 1, 4,
5, 6 and 7 are shown on address line 15. In the case of the random     for
pages ROM 24, it being understood that any access memory, the organization
is such that the  number of pages up to sixteen can be used. As [err]
signal will be logic "0" when this part of the   10   previously explained
with respect to figure 1, the memory is accessed. Thus, the OUTB signal
will    unpaged ROM 22 includes 16K bytes in address be logic "0" for a
write to RAM memory oper-      space 0-16K and each page of the paged ROM
24 ation. This, in turn, makes the RA signal logic "1"  of the ROM  memory
includes 16K bytes in and the RB signal logic "0" and, hence, word 1 or
address space 16K-32K. However, in actually the Write to RAM page register
is selected to be   is   constructing the system, two circuit modules of
read and provide the PG BIT 0-3 to the page bits  8K bytes may be used for
the unpaged ROM 22 bus 34.                                           and
for each page of the paged ROM 24. Thus, the For a read from memory
operation, the S1        unpaged ROM 22 includes first section 58 and
signal is logic "1" and the 100/[err] signal is logic "0".  second section
60, each of which are 8K bytes in In this case, the C1 input to the two
parts of the   20   size. Similarly, page 0 of the paged ROM 24 dual
four-to-one decode circuit within page regis-  includes section 62  and
section 64. The same is ter decode 36 is selected and the OUTA signal
true for each of the other pages wherein page 1 becomes [err] signal and
the OUTB signal            includes sections 66 and 68, page 4 includes
becomes a logic "1 ". If the read is from the     sections 70 and 72, page
5 includes sections 74 random access memory, [err] is logic "0" and,   25
and 76, page 6 includes sections 78 and 80 and hence, word 2, or the read
from RAM, of page      page 7 includes sections 82 and 84. registers 32
will be selected. On the other hand, if  Two-to-four decode circuit 52 is
utilized to the read is from the ROM part of the memory, the  select which
of the two sections 58 or 60 of the [err] signal will be logic "1" and,
hence, word 3, or  unpaged ROM 22 is to be addressed by the A0 the ROM page
register, will be selected.     30   through A12 address signals.
Three-to-eight Connected in this manner, it is seen that the   decode
circuit 54 is utilized to select which one of sequence of operations such
as reading a pro-     the four sections 62, 64, 66 and 68 of pages 0 and
gram instruction from the ROM followed by a       1 are to bs addressed by
the address signals AD reading of data from one page of the RAM and
through A12 on address bus 16. Three-to-eight writing of data into a
different page of the RAM,   35   decode circuit 56 is utilized to
determine which can automatically occur without the necessity of  one of
the sections 70,72,74,76,78,80,82 and 84 setting a page register between
each instruction.  of pages 4, 5, 6 or 7 are to be addressed by the In
other words, the ROM page register, the Read   address signals AO through
A12 on address bus RAM page register and the Write RAM page          16.
register are all initially set and then the sequence   40  Two-to-four
decode circuit 50 is utilized to of operations just described is expected
and      select whether unpaged ROM 22 or pages ROM automatically causes
the appropriate page bits to  24 is to be addressed. The A and B inputs to
two- be provided for the desired function. In this same  to-four decode
circuit 50 are respectively coupled manner, if a DMA operation is included,
a         to the A14 and Al 5 signals provided over address separate set of
page bits can be provided in the   45   bus 16. The [err] or enable, input
to two-to-four DMA page register, thereby eliminating the        decode
circuit 50 is connected to the ALE signal requirement of resetting that
page register each  provided from CPU 14 at the beginning of each time a
DMA operation occurs.                      cycle of operation of CPU 14.
When both the A14 Whenever it is desired to write new information  and A15
signals are logic "0", the Y09 output from into the page registers 32 or
for CPU 14 to read   50   two-to-four decode circuit 50 becomes logic "0";
the information stored by page registers 32, page  otherwise, it is logic
"1". When the A14 signal is registers 32 are treated as an input-output, or
I/O  logic "1" and the A15 signal is logic "0", the Y1 device. In this
case, the [err] signal becomes    output from  two-to-four decode circuit
50 logic "1" and the Si signal will be logic "0" or  becomes logic "0";
otherwise, it is logic "1". The logic "1" depending upon whether
information is  55   Y2 and Y3 outputs from two-to-four decode circuit
being written into or read from page registers 32.  50 are unconnected, as
shown in figure 3. The Y0 In either case, the OUTA signal becomes the A0
output from two-to-four decode circuit 50 is address signal and the OUTB
signal becomes the    coupled to the [err] or enable, input of two-to-four
Al address signal. By appropriately addressing    decode circuit 52.
Whenever the Y0 signal from page registers 32 with the A0 and A1 address
60  two-to-four decode circuit 50 is logic "0", two-to- signals, either of
the four words can be read or  four decode circuit 52 is enabled. The A and
B written over, in conjunction with the provision of  inputs of two-to-four
decode circuit 52 are respec- the WT PG REG signal or the RD PG REG signal
tively coupled to the A13 address signal and to a from CPU 14.
logic "1" signal. When two-to-four decode circuit Referring now to figure
3, a more detailed   55   52 isenabled and if theA13 signal applied to the
A 6    



11                 0 057 815                     12       . inputis a logic
"0", then the Y2 output from two-  from decode circuit 92 is coupled as the
second to-four decode circuit 52 becomes logic "0". If the  input to OR
gate 94 and the Y1 output from A13 signal is a logic "1", the Y3 output
from two-  decode circuit 92 is coupled to the chip select [err to-four
decode circuit 52 becomes a logic "0". The  input of bus driver 88. The
output of OR gate 94 is Y2 signal from circuit 52 is provided to the chip
5   coupled to the chip select [err] input of bus driver select input of
section 58 of unpaged ROM 22 and  86. Connected in this manner whenever
infor- the Y3 output from circuit 52 is applied to the chip  mation is read
from one of the ROM sections 58, select input of section 60 of unpaged ROM
22.    60, 62, 64, 66 or 68, bus driver 86 is enabled and Whenever a logic
"0" signal is applied to the chip  whenever information is read from one of
the select input of one of the ROM sections 58, 60,   to   ROM sections 70,
72, 74, 76, 78, 80, 82 or 84, bus that particular section is enabled to
respond to the  driver 88 is enabled. The output of each of bus address
signals AO through A12 on address bus    drivers 86 and 88 is connected to
the data bus 18, 16. In response to these address signals and the  which
carries the DO through D7 data signals. chip select enabling signal, eight
bits of data    Referring now to figure 4, RAM controller 42, contained in
the address location are provided at   15   CAS decode 44, unpaged RAM 28
and the paged the output of the enabled section.               RAM 30, are
shown in more detail. RAM controller The Y1 output of two-to-four decode
circuit 50  42 is enabled by a logic "0" signal being applied is coupled to
the [err] inputs of both three-to-    to thet or chip select input thereof
from logic eight decode circuits 54 and 56. In addition, the A,  circuit
86. This signal, as will be explained in more B and C inputs to each of
circuits 54 and 56 are   20   detail hereafter, is provided when the A15
respectively coupled to the A13 address signal   addresss signal is logic
"1" and the PG BIT3 and the PG BITO and PF [err] page bit signals from
signal is logic "0" or in other words, when the page registers 32. The
[err] input to circuit 54 is  random access memory 28 and 30 is selected.
As I       coupled to the PG BIT3 signal and the [err] input     shown in
figure 4, there is one unpaged block of to circuit 54 is connected to the
PG BIT 3 signal.  25   16K RAM and seven paged blocks of 16K RAM. The [err]
input to circuit 56 is coupled to the PG  Thus, only three PG BITSO-2 of
the four paged BIT3 signal and the [err] input to circuit 56 is
register 32 signals PG BIT0-3 are required. coupled to the PG BIT2 signal.
Hence, under normal operations, the PG BIT3 The [err] through Y3 outputs
from circuit 54 are  signal is always kept at logic "0". respectively
coupled to the chip select [err] inputs   30  RAM controller 42 includes an
address but of the page 0 and page 1 sections 62, 64, 66 and  input to
which the A0 through A13 address 68. The Y4 through 7 outputs of circuit 54
are   signals are applied. In addition, there is a clock unconnected. The
Y0 through Y7 outputs of cir-   input to which the system  clock of 16.432
cuit 56 are respectively coupled to the chip select  magahertz is applied,
a write [err] input to which [err] inputs of page 4, page 5, and page 6 and
35  the [err]  signal is applied, a read [err] input to page 7 sections 70,
72, 74, 76, 78, 80, 82 and 84.  which the [err] signal is applied, a B0
input to Each of the paged ROM sections respond to        which the A14
address signal is applied, and the address bits A0 through A12 applied
thereto over  chip select [err] input to which the output of logic address
bus 16 and provides an 8 bit output signal  86 is applied. The [err] signal
is provided by containing the addressed data when that particu-   40  logic
(not shown) responsive to the [err] and [err] lar module is selected by an
appropriate logic "0"  signals from CPU 14, whenever these signals signal
from circuit 54 or 56.                    indicate that a memory write
operation is to The data outputs from each of ROM sections 58,  occur. 60,
62, 64, 66 and 68 are coupled together and     The outputs of RAM
controller 42 include the applied to the data input of bus driver circuit
86. In   45   RAM address bus 46 having the RAM A0 through the same manner,
the data outputs from each of   RAM A6 address signals provided thereon. In
the modules 72, 74, 76, 78, 80; 82 and 84 are    addition, the outputs
include a [err] coupled together and applied to the data input of  (Write
Enable) and [err] signals. The [err] and bus driver 88. At any given time,
only one of these  [err]  signals are provided as row address circuits, 86
or 88, may be enabled by the oper-   50   strobes and the particular one
provided is deter- ation of a pair of two-to-four decoders 90 and 92  mined
by the value of the A14 signal applied to and OR gate 94. The A and B
inputs to decode     the B0 input. If A14 is logic "0" then, the [err]
circuit 90 are respectively coupled to the A14 and  signal is active. If
A14 is logic "1", the [err] signal Al 5 signals and the enable or[err]
input to circuit 90  is active. The[err] signal is a column address is
coupled to the MEMR signal, which may be   55   strobe signal and is
applied to CAS decode circuit generated by means (not shown) responsive to
44 which may be a three-to-eight decoder. both the [err] and [err] signals
from CPU 14          The A, B and C inputs of three-to-eight decoder
whenever it is desired to read information from  44 are respectively
coupled to the PG BITO, PG the memory. The YO output from decode circuit
BIT1 and PG BIT2 signals provided from page 90 is coupled as one input to
OR gate 94 and the   60   register 32. The G1 input of three-to-eight
decode Y1 output from decode circuit 90 is coupled to the  circuit 44 is a
logic "1" signal and the [err] signal enable, or G. input of two-to-four
decode circuit  is logic "0". The [err] signal from RAM controller 92. The
A and B inputs to decode circuit 92 are  42 is applied to the [err] input.
The seven least respectively coupled to the PG BIT2 and PG BIT3
significant outputs Y0-Y6 of three-to-eight signals from page registers 32.
The YO output   65   decode circuit 44 are utilized and respectively 7    



13                 0 057 815                      14 provide the [err]
through [err] signals on CAS        14. The output of NAND gate 134 is
applied as one bus 48.                                           input to
AND gate 136, the other input of which is The organization of the RAM 28
and 30 is        the [err] address signal. The output of AND gate somewhat
different in details than the organiz-   136 is applied to one input of
each of AND gates ation of the ROM 22 and 24 shown in figure 3.   5    138
and 140. The other input to AND gate 138 is Each memory module designated
96 through 130      the [err] signal and the other two inputs to AND (even
numbers only) of the RAM 28 and 30 is a     gate 140 are respectively the
A14 address signal 32K by 1 bit module and consists of two 16K by 1  and
the PG BIT3 signal. The output of each of AND bit circuits. Each circuit is
responsible to the RAM  gates 138 and 140 are applied as the two inputs to
AO through A6 address signals, the [err] signal and   10   NOR gate 142,
which provides the signal to the to a [err] and [err] signal. In each block
(paged   chip select input of RAM controller 42. Coupled in or unpaged) of
RAM memory, there is one circuit   this manner, the output of NOR gate 142
will be from each of nine individual modules, such as     logic "O"
whenever the Al 5 address signal is logic, 96-112 (even numbers only), for
providing the     "1" and the PG BIT 3 signal is logic "0". DO through D7
signals plus an additional parity bit  15  Referring, now to figure 5
through 10, one signal labeled DP. The parity bit DP is used by   technique
for utilizing the paging structure shown circuitry (not shown) in a
conventional manner to  in figures 1 through 4 will now be described.
determine the parity of the data provided to or   Specifically, figures 5
and 6 show diagrams useful from RAM memory 28 or 30
in understanding the page table, which is present In figure 4, 64K bytes of
random  access   20   in each section of paged ROM 24 as well as in memory
are shown and divided into a 16K byte     section 2 of unpaged ROM 22,
Figure 7 shows unpaged base, or RAM 28 and seven pages of 16K   diagram
useful in understanding the organization bytes of each pages RAM 30. It
should be noted    of the transfer vector table, which is built from the
that pages 3-5 inclusive are represented by the   information stored in the
page tables of each dashed lines. in figure 4. Each of the memory   25
section of ROM 22 and 24 and which is presentin modules 96-130 (even
numbers) is divided in       a part of the unpaged portion of RAM 28. half
so that one 16K circuit therein is part of either  Figure 5 shows ope entry
of a page table. Each the base or one page and the other 16K circuit
page table entry consists of three bytes of infor- therein, is part of a
different page. As previously  mation or 24 bits in total. Eleven of the 24
bits are mentioned, each 16K block of memory responds   30   utilized for
containing a code referred to as the to address lines RAMAO-6, a [err]
signal, the      TVT index. The TVT index is a unique number for WE signal
and a [err]  signal. For instance, the     each program module. The
remaining thirteen unpaged RAM 28 block is shown in the upper half   bits
of information in the page table entry contain of modules 96-112  (even
numbers) and            a number which is an offset into that paged
responds to the [err],[err] and the[err] signals as   35   section defining
the exact location of the program well as the RAM  address bus 46 signals
module identified by the TVT index. The particular RAMAO-6. The lower half
of the module 96-112      organization is such that the high eight bits of
the (even numbers only) contain page 1 of paged       TVT index are
contained in byte zero of the page RAM30 and respond to the[err], [err]
and[err]              table entry and the low three bits are contained as
signals together with the RAM address signals   40   bits 5, 6 and 7 of
bytw two. The high five bits of RAMAO-6 on bus 46. For page 6, shown as the
the offset are contained in bits zero through 4 of upper half of modules
114-130  (even numbers      byte two and the low eight bits are contained
in only), the [err]  and [err] signals are applied     byte one, of the
page table entry. to each of the nine 16K by 1 bit circuits of modules
Figure 6 shows the organization of a page table. 114-130 (even numbers). In
the same manner,  45   The first two bytes in any paged section are the
[err], [err] and [err] signals are applied to          located in addresses
XOOO and X001, where X=2, page 7. In each case, the RAM address signals
4 or 6 and corresponds to the section code. Those RAMAO-6 on RAM address
bus 46 are also            bytes contain the high value of the first
address applied to each circuit. In general, for the unpaged  and the high
value of the last address plus one of base RAM 28, the [err] and [err]
signals are   so   that page section. These values are used in the applied;
and, for the various pages of the paged  initialization procedures for
performing certain portion, an [err] signal is applied to each page
checks on the memory to insure that it operates and one of the [err]
through [err]  signals from      properly. As such, they form no part of
the CAS 44 is applied to pages 1-7 respectively.      present invention.
Beginning with hexadecimal Thus, it is seen that the[err] and[err] signals
55   location X002, the first three byte page table entry are used to
determine whether base RAM 28 or      occurs. The second page table entry
then begins pages RAM 30 is to be accessed and the [err] and     at
location X005 and so forth, so that there is one through [err]  signals are
used to deter-       entry for each program module contained in that mine
which page is to be accessed.                particular ROM section. In the
location imme- Circuit 86, as previously mentioned, provides   60   diately
following the last of Nth page table entry, the chip select signal to RAM
controller 42. Circuit  the data code hexadecimal "FF" is entered to 86
consists of NAND gate 134, AND gates 136,138   mark the end of the page
table. In the location and 140, and NOR gate 142. The two inputs to
immediately following the end of table marker, NAND gate 134 are the [err]
signal from the DMA     the code for the first program instruction of the
portion of CPU 14 and the IO/M signal from CPU    65   first program module
exists. 8    



15                 0 057 815                     16 Referring now to figure
7, one entry in the    section 58 of the unpaged ROM 22 and thus the
transfer vector table is shown. The transfer vector  second byte is an
offset into section 58 of table is located in a block of unpaged random
unpaged ROM 22. access memory 30 beginning, for instance, at       Next
according to block 152, the hexadecimal location 8A00 and includes a two
byte entry for   5   number 2002 is transferred to the HL registers and
each page table entry in all of the sections of  the PGSCAN sequence is
called. The PGSCAN paged memory and the one section of unpaged     sequence
is shown in figure 9 and will be memory. The transfer vector table entries
are    discussed in detail hereafter. Briefly the PGSCAN each placed in a
memory location corresponding   sequence scans the page table for the
module to the TVT index code, such that twice the TVT   to   addressed by
the HL registers and places these index is added to hexadecimal location
8A00. For  scanned entries from one page table into the TVT each entry, bit
0 through 3 of byte 1 contain the  table in the unpaged RAM 28 Thereafter,
accord- page number and bits 4 and 5 contain the section  ing to block 154,
the accumulator, or A register, is code X for that page. For bits 4 and 5
the code  cleared. "00" is not used; the code "01" indicates a 2000   15
Continuing with block 156, the data stored in page section, or the second
part of the unpaged  the A register is applied over data bus 18 to be or
base ROM 22; the code of "10" indicates a 4000  stored in the ROM page
register. This occurs in address in the page section or, in other words,
the  conjunction with the WT PG REG signal from CPU low addressed half of
each page; the code "11"   14. This data controls the page to be operated
indicates a 6000 address in the page section or the   20   upon by the
remainder of the TVTBLD sequence high addressed half of each page. Bit 6 of
byte 1 is  at this time. Next, according to block 158, a always set equal
to "0" and bit 7 is utilized as a  determination is made whether the 400
section patch indicator, whereby if it is a logic "1" a patch  of the page
number just sent to the page register is indicated. As used herein, a patch
occurs if a  32 exists and, if so; a cycle redundancy check given program
module in the ROM is replaced by   25  (CRC) is made to determine if that
section is a substitute program stored in the RAM. This     accurate. If
the CRC check fails, an error is posted. normally occurs if a desired
change to the ROM    Then, according to block 160, the hexadecimal program
module is made after the program has     address 4002 is transferred to the
HL registers and been placed in the ROM and cannot be easily     the PGSCAN
sequence is called to scan the page changed. This may occur, for instance,
if an error   30  table in the 4000 section of the page contained in exists
in the ROM program module.               the ROM page register as modified
at block 156. Byte 2 of the transfer vector table entry contains  Then,
according to blocks 162 and 164, the an offset to the location of the
second byte of the  same procedure as was described with respect to page
table entry for the page and section iden-  blocks 158 and 160 is
undertaken for the 6000 tified in byte 1 of the transfer vector table
entry.   35   section for the page number outputted at block Thus, there
becomes a practical limit of 84 entries  156. which can be contained in the
page table for each  Then, at block 166, the value stored in the ROM
section.                                         page register in page
registers 32 is read and Figure 8 and 9 show a flow diagram which may
incremented  by  one  and  stored  in  the be used to build the transfer
vector table from the   40   accumulator. The four most significant bits
are information contained in the page tables. The two  then set equal to
zero and, according to block 167, sequences of operations shown in figures
8 and 9  a determination is made whether the value stored are respectively
labeled TVTBLD and PGSCAN.      in the accumulator is equal to zero. If
not, a return Both of those sequences of operations are per-   to block 156
occurs and similar processing results formed as part of the initialization
procedures   45   for the new page number determined at block during a
power up sequence. Thus, each time      166. If at block 167 it had been
determined that A power is applied to the system, the tranfer vector  was
equal to zero, indicating that all of the pages table is built according to
the TVTBLD sequence.  had been processed, then a continuation with a The
programs which may be used to perform the    remainder of the
initialization sequence occurs. TVTBLD and PGSCAN operations are physically
50   Referring now  to figure 9 the PGSCAN placed in section 1 of the
unpaged ROM 58.       sequence is described. As recalled from blocks
Referring now specifically to figure 8, the first  152, 160 and 164 in
figure 8, the PGSCAN thing which occurs, according to block 150, is that
sequence is called for the purpose of scanning the address of the first
location of the transfer  one entire page table in a section of ROM 22 or
24. vector table (TVT) is stored in registers (HL) within   55   This
sequence is called with the HL registers CPU 14. As previously mentioned,
this address    containing the address of the first entry of the may be
hexadecimal 8A00. Next, all of the first  page table, that entry being
location 2002 for the bytes in the TVT table are set equal to zero and the
second section 60 of the unpaged memory, or address of the TRAPP program
module is stored   location 4002 for the first sections 62, 66, 70, 74, in
the second byte of each TVT entry. This is done   60   78 or 82 of the
various paged ROM or location for the purpose of providing a jump to an
error  6002 for the second sections 64, 68, 72, 76, 80 and routine in the
event that a particular TVT index  84 of the various paged ROM 24. does not
exist and by mistake a jump to the       First, according to block 168, the
address code location for that non-existent index is made. The  in the HL
registers is stored in DE registers, the D TRAPP program module is located
in the first   65   register containing the page section code and the 9    



17                 0 057 815                      18 E register containing
an offset to the current page  cleared and the then existing information in
the table entry within that section. Then, according to  ROM page register
in page registers 32 is read block 170, a determination is made whether the
and saved on the stack. paged table entry is equal to hexadecimal "FF",
Then, according to block 186, the first TVT table which is the end of table
marker, as shown in    5    byte, which is then addressed by the HL
registers, figure 6. If this is the case, a return to the calling  is read
from the random access memory and sequence occurs. Otherwise, the TVT index
is      stored in the A register. The low four bits of doubled and stored
in the HL registers. The TVT   information in the A register is then
transmitted to index is obtained from byte 0 and the three most  page
registers 32 to set the ROM page register to significant bits of byte 2 of
the current entry in the   10  the page specified in byte 1 of the TVT
index for paged table addressed by the DE registers. Then,  the called
program. Thereafter, the HL register is according to block 172, the base
address of the   incremented by 1 and the second TVT byte, as TVT table,
which is hexadecimal 8A00, is added to  then addressed by the HL registers,
is read and the doubled TVT index stored in the HL registers.  stored in
the L register. Then, according to block At this point, the HL registers
contain the correct   15   188, the TVT byte in the A register is left
shifted address in the TVT table for the page table entry  through carry
one position and a determination is being scanned.
made at block 190 whether the carry indicator is Thereafter, according to
block 174, the ROM     set. page register in page registers 32 is read and
the  It it is, a patch is indicated and as indicated in data is stored in
bit positions 0-3 of a register (B).  20   block 192, the patch area
addressistransferred to In addition, the paged section code, which is
the HL registers and processing continues by obtained from the D register,
is stored in bit    transferring the program fetch operation to the
positions 4 and 5 in the B register. Bit positions 6  patch area of the
RAM. and 7 are set to 0. Thus, byte 1 of the TVT table   Assuming that the
carry indicator is not set at entry is contained in the B register. Then,
accord-   25   block 190, then according to block 194, bits 5, 6 ing to
block 176, the contents of the B register is  and 7 of the A register,
which contain the page stored in the TVT table at the address contained in
section bits left shifted one position, are trans- the HL registers. The HL
registers value is then  ferred to the H register. At this point in time,
the H incremented by one and the contents of the E      register contains a
code of hexadecimal 20, 40 or register, which is the offset to the current
page   30   60 and the L register contains the offset to byte 2 table
entry, is stored in the TVT table at the    of the proper page table entry.
address then contained in the HL registers. There-  Continuing at block
196, the offset into the after, the contents of the DE register is
paged section contained by byte 1 and bits 0 incremented by one and return
to block 170        through 4 of byte 2 of the address page table occurs
and the next page table entry is scanned   35   entry are transferred to
the HL registers. It should and transferred to the TVT table. This
continues  be noted that the page section bits contained in until the end
of the table marker is identified at  the H register are maintained during
this transfer block 170.                                        operation.
Thus, the HL registers at this point Referring now to figure 10, the
sequence RST1   contain the address of the called program routine. is shown
in a flow diagram format and is used   40   Then, according to block 198,
the address con- whenever a transfer from one program module to     tained
in the HL registers is transferred to the another program module is to
occur. An instruc-   program counter (PC) in CPU 14 and at block 200, tion
(RST instruction) is used as a. restart instruc-  a continuation occurs
with the program counter tion and automatically causes a predetermined
causing the fetching of instructions from the new address located in
unpaged ROM to be placed in   45   address therein and execution of the
called the program counter with the saving of certain    routine is begun.
information in the stack. On the next machine       Thus, it -is seen that
by using the simple cycle, the instruction at the predetermined RST
sequence of operations described with respect to location will be executed.
Whenever it is desired  figure 10, the transfer of instruction execution to
cause a transfer from one program module to   50   between pages can be
easily accomplished. This another, such as by the conventional call
instruc-  technique allows for simplicity in programming tion or jump
instruction, the calling sequence is  because it is not necessary to know
the exact the RST1 instruction followed by a two byte       location in
read only memory of every program NAME code which identifies the particular
mod-    module being developed during the development ule to be called and
contains the address of that   55   of the software. One merely assigns a
unique program modulus entry in the TVT index table.     index code to a
particular program module as it is First, according to block 180, the saved
return   being programmed. The, that program module address which normally
is the address imme-       can be fit into a particular page where room
exists diately following the RST1 instruction is adjusted  and maximum
utilization of the memory can be to the address following the NAME code.
The,   60   achieved. In addition, the sequences of oper- according to
block 182, bytes 1 and 2 of the NAME  ations allows for correcting the
program modules code are stored in the HL registers and thus, the  by
utilizing a patch technique. If desired, the HL registers address the
desired TVT table entry  program  modules can also be modified by of the
called program. Thereafter, according to   including all modified program
modules in the block 184, the accumulator, or A register, is   65   highest
section of ROM. This section's page table 10    



19                 0 057 815                      20 is scanned last and if
an identical TVT index      each page of said read only memory includes at
number exists, the information previously in the  least one page section
comprising a page table TVT table will be written over by the information
with a plurality of entries, each entry containing in the higher ordered
ROM section.               one program module identification code in that
Several variations of the use of the paging    5    section and a code
manifesting the address in that technique can be made to the technique
section for that one program module, and described above. A three byte TVT
entry could be   a page of said random access memory includes used whereby
the actual address of the new       a transfer vector table which is
addressed in program module is stored in bytes two and three.  accordance
with the identification code of each In this instance, direct addressing of
the new    10   program module and includes a pointer to the program module
can occur without using the       page section of the page in which the
program offset in the page table entry.                  module having said
identification code resides, Another variation involves placing the TVT
whereby a pointer for an identification code of a index of program modules
which are frequently    program  module different from the program called
in a special section of the TVT table. Such a    15   module currently
executed can be looked up to special section may be, for example, between
obtain the address of said different program locations 8C00 and 8DFF and
would contain TVT     module and to select the page of said read only index
between decimal 256 and 511. For these     memory in which said different
program module program modules, a different restart instruction  resides.
would be used, and the NAME code could be a   20   2. Page addressing
mechanism according to single byte. The single NAME byte is then placed
Claim 1 characterized in that said decoding means in the L register and
hexadecimal 46 is placed in  (36) includes means responsive to said control
the H register. Then the value in the HL registers  signals and to a
plurality of programming signals, are doubled (due to the two byte length
of each  said control signals controlling those of said TVT table entry)
and the processing continues as   25   programming signals which are
provided as described from block 184 through 200. This proce-  decoding
means signals, said decoding means dure saves one byte of storage each time
one of  signals being applied to said register means (32) these frequemly
used modules is called.           to select which register means is to
provide the It should be noted that conventional call and   data stored
thereby as said page signals. jump instructions may be used when
transferring   30  3 Page addressing mechanism according to to program
modules located in the unpaged ROM    Claims 1 or 2 characterized in that
said plurality of 22. Thus, the most frequently called program     register
means (32) includes a programmable file. modules should be placed in
unpaged ROM 22 to      4. Page addressing mechanism according to the extent
space is available. This conserves    Claims 1, 2 or 3 characterized in
that each of said processing time since there is not necessity to   35
register means (32) stores a code related to one refer to the TVT table.
type of memory operation. 5. Page addressing mechanism according to Claim 4
characterized in that said processor unit (14) includes means for changing
the code stored 1. Page addressing mechanism in a computer   40   by said
register means (32). system having memory means divided into            6.
Page addressing mechanism according to addressable pages (22, 24, 28, 30),
and a pro-   any one of the preceding claims characterized in cessing unit
(14) which provides control signals  that said register means (32) includes
a first, a (20) manifesting a type of memory operation to   second and a
third page register, said first page be performed, said page addressing
mechanism    45   register being selected to provide said page including
addressing  means  (26, 42) for        signals whenever a read data
operation occurs addressing the pages of said memory means, a     with
respect to said read only memory, said plurality of register means (32)
each of which is  second page register being selected to provide separately
programmable by said processing unit  said page signals whenever a read
page oper- to  store data capable of being selectively pro-   50   ation
occurs with respect to said random access vided as page signals (34) for
selecting one page  memory, and said third page register being of said
memory means, each of said register     selected to provide said page
signals whenever a means  being associated with a distinct type of  write
data operation occurs with respect to said memory operation, and decoding
means (36)       random access memory. responsive to said control signals
for selecting   55  7. Page addressing mechanism according to one of said
register means to be enabled to     Claim 6 characterized in that said
decoding means provide said page signals; said page addressing  (36)
responds to the address signals and the mechanism being characterized in
that:          control signals to select one of said first, second said
memory means comprises a first portion of  and third page registers. random
access memory formed of a first plurality   60  8. Page addressing
mechanism according to of pages (26, 30), and a second portion of read  any
one of the preceding claims characterized in only memory formed of a second
plurality of     that said register means (32) includes a pro- pages (22,
24) for storing a plurality of program  grammable multiword by multibit
register file and modules each of which being identified by a     logic
means associated with said file for decoding program module identification
code,         65   signals applied thereto from said decoding means    19
0 057 815                       20 



is scanned last and if an identical TVT index         each page of said
read only memory includes at number exists, the information previously in
the   least one page section comprising a page table TVT table will be
written over by the information  with a plurality of entries, each entry
containing in the higher ordered ROM section.                  one program
module identification code in that Several variations of the use of the
paging    5    section and a code manifesting the address in that technique
can  be made to  the technique            section for that one program
module, and described above. A three byte TVT entry could be        a page
of said random access memory includes used whereby the actual address of
the new          a transfer vector table which is addressed in program
module is stored in bytes two and three.    accordance with the
identification code of each In this instance, direct addressing of the new
10   program module and includes a pointer to the program module can occur
without using the        page section of the page in which the program
offset in the page table entry.                     module having said
identification code resides, Another variation involves placing the TVT
whereby a pointer for an identification code of a index of program modules
which are frequently,      program  module different from  the program
called in a special section of the TVT table. Such a    15    module
currently executed can be looked up to special section may be, for example,
between        obtain the address of said different program locations 8C00
and 8DFF and would contain TVT      module and to select the page of said
read only index between decimal 256 and 511. For these        memory in
which said different program module program modules, a different restart
instruction   resides. would be used, and the NAME code could be a    20
2. Page addressing mechanism according to single byte. The single NAME byte
is then placed   Claim 1 characterized in that said decoding means in the L
register and hexadecimal 46 is placed in  (36) includes means responsive to
said control the H register. Then the value in the HL registers  signals
and to a plurality of programming signals, are doubled (due to the two byte
length of each    said control signals controlling those of said TVT table
entry) and the processing continues as   25    programming signals which
are provided as described from block 184 through 200. This proce-  decoding
means signals, said decoding means dure saves one byte of storage each time
one of    signals being applied to said register means (32) these
frequently used modules is called.           to select which register means
is to provide the it should be noted that conventional call and     data
stored thereby as said page signals. jump instructions may be used when
transferring    30  3. Page addressing mechanism according to to program
modules located in the unpaged ROM      Claims 1 or 2 characterized in that
said plurality of 22. Thus, the most frequently called program
register means (32) includes a programmable file. modules should be placed
in unpaged ROM 22 to        4. Page addressing mechanism according to the
extent space is available. This conserves      Claims 1, 2 or 3
characterized in that each of said processing time since there is not
necessity to   35   register means (32) stores a code related to one refer
to the TVT table.                            type of memory operation. 5.
Page addressing mechanism according to Claims
Claim 4 characterized in that said processor unit (14) includes means for
changing the code stored 1. Page addressing mechanism in a computer   40
by said register means (32). system  having memory means divided into
6. Page addressing mechanism according to addressable pages (22, 24, 28,
30), and a pro-     any one of the preceding claims characterized in
cessing unit (14) which provides control signals   that said register means
(32) includes a first, a (20) manifesting a type of memory operation to
second and a third page register, said first page be performed, said page
addressing mechanism    45   register being selected to provide said page
including  addressing  means  (26, 42) for         signals whenever a read
data operation occurs addressing the pages of said memory means, a
with respect to said read only memory, said plurality of register means
(32) each of which is  second page register being selected to provide
separately programmable by said processing unit    said page signals
whenever a read page oper- to store data capable of being selectively pro-
so   ation occurs with respect to said random access vided as page signals
(34) for selecting one page  memory, and said third page register being of
said memory means, each of said register        selected to provide said
page signals whenever a means being associated with a distinct type of
write data operation occurs with respect to said memory operation, and
decoding means (36)          random access memory. responsive to said
control signals for selecting    55  7. Page addressing mechanism according
to one of said register means to be enabled to        Claim 6 characterized
in that said decoding means provide said page signals; said page addressing
(36) responds to the address signals and the mechanism being characterized
in that:             control signals to select one of said first, second
said memory means comprises a first portion of   and third page registers.
random access memory formed of a first plurality   60  8. Page addressing
mechanism according to of pages (28, 30), and a second portion of read
any one of the preceding claims characterized in only memory formed of a
second plurality of        that said register means (32) includes a pro-
pages (22, 24) for storing a plurality of program  grammable multiword by
multibit register file and modules each of which being identified by a
logic means associated with said file for decoding program module
identification code,          65   signals applied thereto from said
decoding means 11    21                 0 057 815                      22 



(36) and addressing one of said words of said file,  net ist, und
Dekodiermittel (36), die auf die besag- said addressed word providing said
page signals.  ten Steuersignale ansprechen, um  eines der 9. Page
addressing mechanism according to       besagten Registermittel
auszuwahlen, die befi- any one of the preceding claims characterized in
higt werden sollen, besagte Seitensignale bereit- that said decoding means
(36) includes a plurality    5    zustellen; besagter
Seitenadressiermechanismus of data inputs coupled to selected address
dadurch gekennzeichnet dass: signals, a plurality of selection inputs
coupled to  besagte Speichermittel einen ersten RAM-Spei- said control
signals, and at least one output at  cherabschnitt enthalten, bestehend aus
einer which is provided a signal related to one of said  ersten Mehrzahl
von Seiten (28, 30) und einen signals applied to said data input, said one
signal   to   zweiten ROM-Speicherabschnitt, bestehend aus being selected
in accordance with the state of said  einer Mehrzahl von Seiten (22, 24)
ffir die Spei- control signal applied to said selection inputs.  cherung
einer Mehrzahl von Programmodulen, 10. Page addressing mechanism according
to      von denen jedes durch einen Programm-modulj- Claim 9 characterized
in that said control signals  dentifizierungskode gekennzeichnet !at,
coupled to said selection inputs of said decoding   i5  wobei jade Seite
des besagten ROM-Speichers means (36) manifest whether a read or a write
mindestens ainen Seitenabschnitt enthilt, der operation is to be performed
and whether the      eine Seitentabelle mit einer Mehrzahl von Eingin-
manifested operation is to be performed with      gen enthilt, und jeder
Eingang einen Program- respect to said memory means or said register
modulidentifizierungskode in diesem Abschnitt means (32), said address
signals coupled.. to said   20   enthalt und einen Kode, der die Adresse in
die- date inputs of said decoding means being chosen   sem Abschnitt fOr
dieses eine Prograrnm-modul to select one word of said file as indicated by
said  anzeigt, und control signals.                                    eine
Seite des besagten RAM-Speichers eine 11. Page addressing mechanism
according to      Obertragungsvektortabelle enth31t, welche in any one of
the preceding claims characterized in   25   Oibereinstimmung mit dem
Identifizierungskode that each transfer vector table pointer includes a
aines jeden Programmoduls adressiert wird, und first code indicating the
page section and a        einen Zeiger zu dem Seitenabschnitt der Seite
second code indicating an offset into that page   enthilt, in dem sich das
Programmodul mit dem section at which the page table entry for said
besagten Identifizierungskode befindet, wodurch different program module is
tabulated.       30   ein Zeiger fOr eanen ldentifizierungskode aines 12.
Page addressing mechanism according to      anderen Programmoduls als das
gerade ausge- Claim 11 characterized in that said page table    fuhrte
Programmodul geprulft werden kann, um code manifesting said address is an
offset into   die Adresse des besagten anderen Programmo- said page section
of the location at which the first  duls zu erhalten und die Seite des
besagten ROM- instruction of said different program  module   35
Speichers auszuwihlen, in dem sich das andere exists; a code manifesting
the page section and   Programmodul befindet. said page table entry offset
being stored in a      2.  Seitenadressiermechanismus   gemass register.
Anspruch 1, dadurch gekennzeichnet, dass die 13. Page addressing mechanism
according to      besagten Dekodiermittel (36)- Mittel enthalten, die Claim
12 characterized in that each page table   40   auf besagte Steuersignale
ansprechen, und auf contains one entry for each program module        sine
Mehrzahl von Programmiersignalen, wobei identification code in the page
section in which  besagte Steuersignale diejenigen der besagten the page
table is tabulated, said transfer vector  Programmiersignale steuem, welche
als Deko- table being addressed at a location derived from
diermittelsignale  bereitgestellt warden  und the program module
identification code for each   45   besagte Dekodiermittelsignale an
besagte Regi- page table entry.                                 stermittel
(32) angelegt warden, urn die Register- mittel auszuwahlen, die darin
gespeicherte Daten Patentanspiche                                    als
Seitensignale bereitstellen sollen. 3.   Seitenadressiermechanismus
gemiss 1. Seitenadressiermechanismus in einem Coin-   50   Anspruch 1 oder
2, dadurch gekennzeichnet, dass putersystem mit Speichermitteln, die in
adressier-  die besagte Mehrzahl von Registermitteln (32) bare Seiten (22,
24, 28, 30) untergeteilt sind und  eine programmierbare Datenreihe enthalt.
aine Prozessoreinheit (14), welche Steuersignale    4.
Seitenadressiermechanismus   gemass (20) liefertj die einen Typ der
auszuf0hrenden    Anspruch 1, 2 oder 3, dadurch gekennzeichnet,
Speicherarbeit anzeigen, wobei besagter Seitena-   5s   dass jedes der
besagten Registermittel (32) eanen dressiermechanismus Adressiermittel (26,
42)      Kode speichert, der sich auf einen Speichervor- enthilt, um die
Seiten der besagten Speichermit-  gangstyp bezieht. tel zu adressieren,
eine Mehrzahl von Registermit-  5.   Seitenadressiermechanismus   gemiss
teln (32), von denen jedes von der besagten       Anspruch  4, dadurch
gekennzeichnet, dass Prozessoreinheit getrennt programmierbar ist,  60
besagte Prozessoreinheit (14) Mittel fOr die Ande- urn Daten zu speichern,
welche wahlweise als      rung des gespeicherten Kodes durch besagte
Seitensignale (34) fur die Auswahl einer Seite aus  Registermittel (32)
enthilt. besagten Speichermitteln bereitgestellt warden      6.
Seitenadressiermechanismus gemass einem k6nnen, wobei jades der besagten
Registermittel   der vorangehenden Anspruche, dadurch gekenn- einem
eingenen Typ der Speicherarbeit zugeord-   6s   zeichnet, dass besagtes
Registermittel (32) ain 12 I   1111  III  IDIDH1    



23                 0 057 815                      24 erstes, ein zweites
und sin drittes Seitenregister  12.  Seitenadressiermechanismus  gemass
enth3lt, wobeibesagteserstesSeitenregisteraus-    Anspruch 11, dadurch
gekennzeichnet, dass gewAhit wird, um besagte Seitensignale bereitzu-
besagter Seitentabellonkode, der die besagte stellen, immer wenn sin
Datenlesevorgang in       Adresse anzeigt, eine Versetzung der Stelle im
Bezug auf besagten Lesespeicher anf311t, und    5    besagten
Seitenabschnitt ist, an der die erste besagtes zweites Seitenregister
gewAhIt wird,     Anweisung des besagten anderen Programmo- besagte
Seitensignale bereitzustellen, wenn ein   duls existiert; und ein Kode, der
den Seitenab- Segtenlesevorgang in Bezug auf besagten RAM-      schnitt und
den besagten Seitentafeleingangs- Speicher anfilit, und besagtes drittes
Seitenregi-  Versetzungswert anzeigt, in einem  Register ster ausgewahite
wird, um die besagten Seitensi-  ,0   gespeichert wird. gnale
bereitzustellen, immer wenn ein Daten-        13.
Seitenadressiermechanismus  gemass schreibvorgang in Bezug auf besagten
RAM-Spei-    Anspruch 12, dadurch gekennzeichnet, dass jede cher anflit.
Seitentabelle einen Eingang fMr jeden Program- 7.
Seitenadressiermechanismus   gemass         modulidentifizierungskode
enthilt,  in  dem Anspruch 6, dadurch  gekennzeichnet, dass   1S
Seitenabschnitt, in dem die besagte Seitentabelle besagte Dekodiermittel
(36) auf besagte Adresssi-  tabuliert ist, und besagte
Transfervektortabelle an gnale und Steuersignale ansprechen, um sines der
einer Stelle adressiert wird, die vom Programmro- besagten ersten, zweiten
und dritten Seitenregi-  dulidentifizierkode for jeden Seitentabellenein-
ster auszuwahlen.                                 gang abgeleitet ist. 8
Seitenadressiermechanismus nach einem der   20 - vorangehenden AnsprOche,:.
- dadurch gekenn-.    Rvendications zeichnet, dess besagtes Registermittel
(32) eine programmierbare Registerdatei mit mehreren          1. Dispositif
d'adressage de page dans un sys- Worten mal mehreren Bits enthalt, und der
besag-  teme de calculateur comportant une m6moire ten Date! zugeordnete
logische Mittel zum Deko-   25   divisde en pages adressables (22,24,28,30)
et un dieren der an sie angelegten Signale von den      processeur (14) qui
produit des signaux de corn- besagten Dekodiermitteln (36) und zum
Adressie-   mande (20) d6finissant un type d'op6ration de ren sines der
besagten Worter der besagten Datei,  memoire a effectuer, ledit dispositif
comprenant wobei das bbsagte adressierte Wort besagte        des moyens
d'adressage (26,42) pour adresser lea Seitensignale bereitatellt.
30   pages de ladite m6moire, une pluralit6 de reigstres 9.
Seitenadressiermechanismus gemass eiern      (32) dont chacun pout Atre
individuellement pro- der vorangehenden AnsprOche, dadurch gekenn-
gramme par ledit processeur pour stocker des zeichnet, dams besagte .
Kodiermittel (36) sine   donnees pouvant etre engendr6es de fagon s6lec-
Mehrzahl von Dateneingangen enthalten, die an    tive sous la forms de
signaux de page (34) pour ausgewihite Adressignale gekoppelt sind, und
3.  s6lectionner l'une des pages de ladite memoire, eine Mehrzahl von
Auswahleingaingen, die an       chacun desdits registres 6tant associ6 a un
type besagte Steuersignale gekoppelt sind, und minde-  distinct d'operation
de m6moire, et des moyens de stens einen Ausgang, an dam ein Signal
bereitge-  decodage (36) permettant, en reponse auxdits stellt wird, das
sich auf eines der besagten Signale  signaux de commands, de s6lectionner
l'un des- bezieht, welche an den besagte Dateneingang   40   dits registres
afin qu'il produise lesdits signaux de angelegt werden, wobel das besagte
sine Signals   page, ledit dispositif d'adressage de page etant gemass dem
Zustand des besagten Steuersignals     caract6ris6 en ce quo: ausgewihit
wird, das an besagte Auswahlein-         ladite m6moire comprend une
premiere partie gange angelegt wird.
constituee par une m6moire 3 acces s6lectif com- 10.
Seitenadressiermschanismus  gemiss   4s   portant une premiere pluralite de
pages (28,30), et Anspruch 9, dadurch  gekennzeichnet, dass         une
seconds partie constituee par une memoire besagte Steuersignale, die an
besagte Auswah-     morte comportant une seconde pluralite de pages
leinginge der besagten Dekodiermittel (36) gekop-  (22, 24) pour stocker
une pluralite de modules de pelt sind, anzeigen, ob ein Lese- odor
Schreibvor-  programme dont chacun est identifie au moyen gang ausgef0hrt
werden soil und ob der ange-   so   d'un code d'identification distinct,
zeigte Vorgang in Bezug auf die besagten Spei-      chaque page de ladite
memoire morte corn- chermittel oder die besagten Registermittel (32)  prend
au moins une partie de page comportant ausgef~hrt werden soil, wobsi
besagte Adressi-    une table de page et une pluralite d'entrees dont gnale
an besagte Dateneinginge der besagten       chacune contient un code
d'identification de Kodiermittel gekoppelt sind, die gewihlt wurden,   55
module de programme dans ladite partie de page um ein Wort der besagten
Datei auszuwahlen, die   et un code indiquant I'adresse dans cette partie
de durch besagte Steuersignale angegeben.            ce module de
programme, et 11.  Seitenadressiermechanismus  gemiss           une page de
ladite memoire a acces salectif einem der vorangehenden Anspruche, dadurch
comprend une table de vocteurs de transfert gekennzeichnet, dass
jederTransfervektortafelzei-   so   adressee on fonction du code
d'identification de ger oinen ersten Kode enth3lt, der den Seitenab-
chaque module de programme et un pointeur schnitt anzeigt, und einen
zweiten Kode, der eine  indiquant la partie de la page dans laquelle r6side
Versetzung in diesem Seitenabschnitt anzeigt, an  le module de programme
identifie par ledit code, dem der Seitentabelleneingang fOr das besagte
un pointeur afferent au code d'identification d'un einzelne Programmodul
tabuliert ist.        65   module de programme different de celul en cours
13    
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de ce fait Atre consulte pour  fichier pour decoder les signaux qui lui
sont obtenir l'adresse dudit module de programme        appliqu6s depuis
lesdits moyens de d6codage different et selectionner la page de ladite
(36) et adresser l'un desdits mots dudit fichier, m6moire morte dans
laquelle reside de dernier     Iedit mot adresse produisant leadits signaux
de module.                                      5    page. 2. Dispositif
d'adressage de page solon la         9. Dispositif d'adressage de page
solon l'une revendication caract6ris6 en co quo lesdits        quelconque
des revendications prec6dentes, moyens de d6codage (36) comprennent des
caracterise en ce qua lesdits moyens de d6codage moyens qui repondent
auxdits signaux de corn-     (36) comprennent une pluralite d'entrees de
don- mande et a une pluralite do signaux de program-   10   nees auxquelles
sont appliqu6s des signaux mation, lesdits signaux de commando comman-
d'adresse selectionnes, une pluralitre d'entr6es dant ceux desdits signaux
de programmation qui     de s6lection auxquellss sont appliqu6s lesdits se
presentent sous la form. de signaux ongen-      signaux de commando, et au
moins une sortie od dr6s par lesdits moyens de d6codage, ces der-      est
obtenu un signal associ6 A l'un desdits niors signaux etant appliqu6s
auxdits registres   is   signaux appliques a ladite entrse de donnees, (32)
pour s6lectionner celui d'entre eux qui devra  ledit signal etant
silectionn6 en fonction de l'etat produire sous la forms desdits signaux de
page     dudit signal de commando appliqu6 auxdites les donn6es stock6es
dons celui-ci.                entr6es de selection. 3. Dispositif
d'adressage de page solon la         10. Dispositif d'adressage de page
selon la revendication 1 ou 2, caract6ris6 en ce que ladite   20
revendication 9, caract6ris6 eon co que lesdits pluralits de registres (32)
comprend un fichier   signaux  de commande  appliqu6s auxdites
progra'mmable.                                     entrees de s6lection
desdits moyens de decodage 4. Dispositif d'adressage de page selon les
(36) indiquent si une operation de lecture ou revendications 1, 2 ou 3,
caract6ris6 en ce quo    d'kcriture doit Atr effectu6e et si elle int6resse
chacun desdits registres (32) stocke un code   25   ladite m6moire ou
lesdits registres (32), leadits- associ6 3 un type donn6 d'operation de
m6moire.    signaux d'adresse appliquees auxdites entr6es de 5. Dispositif
d'adressage de page selon la       donn6es deadits mayens de d6codage 6tant
chol- revendicafion 4, caracterisd en ce quo ledit pro-  sis de facon A
permettre de selectionner l'une des cesseur (14) comprend des moyens
permettant        mots dudit fichier indique par lesdits signaux de de
modifier le code stocke dans lesdits registres   30   commando. (32).
11. Dispositif d'adressage de page selon l'une 6. Dispositif d'adressage de
page solon l'uno    quelconque des revendications precedentes, quelconque
des revendications pr6cedentes,         caracteris6 en co quo chaque
pointeur de la table caracterise en ce quo lesdits registres (32) corn-  de
vecteurs de transfert comprend un premier prennent un premier, un second et
un troisieme   35   code dssignant la partie de page concemee et un
registres de page, ledit premier registre de page  second code indiquant un
dsplacement dans etant m6lectionn6 pour produire lesdits signaux de  cette
partie de page ob se trouve l'entr6e de la page chaque fois qu'une
op6ration de lecture de    table de page relative audit module de pro-
donnees a lieu dens ladite memoire morte, ledit    gramme diff6rent. second
registre de page etant selectionn6 pour   40  12. Dispositif d'adressags do
page solon la produire lesdits signaux de page haque fois
revendication 11, caract6ris6 en ce quo ledit code qu'une opsration do
lecture de page a lieu dens    de table de page indiquant ladite adresse
est un ladite m6moire A acces selectif, et ledit troisieme  d6placoment
dans ladite partie de page do I'em- registre de page 6tant selectionne pour
produire   placement ou se trouve la prsmiere instruction lesdits signaux
do page chaque fois qu'une opera-   45   dudit module do programme
diff6rent, un code tion d'6criture de donn6es a lieu dans ladite
indiquant la partie de page et ledit deplacement memoire A acces s6lectif.
de l'entreo de la table de page etant stocke dans 7. Dispositif d'adressage
de page solon la       un registre. revendication 6, caract6ris6 en ce quo
lesdits      13. Dispositif d'adressage de page solon la moyens de decodage
(36), en r6ponse aux   so   revendication 12, caracterise en ce quo cheque
signaux d'adresse et aux signaux de commando,     table de page contient
une entrie distincte pour s6lectionnent l'un desits premier, second et
troi-  chaque code d'identification de module de pro- sibme registres de
page.                           gramme dens la partie de page oO se trouve
cette 8. Dispositif d'adressage de page selon l'une    table, ladite table
de vecteurs de transfert etant quelconque des revendications precedentes,
cs   adressee A un emplacement qui est fonction du caractdrise en ce quo
lesdits registres (32) com-  code d'identification de module de programme
prennent un fichier programmable A mots multi-     pour chaque entree de la
table de page. pies, et des moyens logiques associes audit 65 14    


