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(57) ABSTRACT 

A data processing device comprising a storage circuit acces 
Sible by assertion of addresses, an arithmetic logic unit 
connected to the Storage circuit operative to perform an 
arithmetic operation on data received by the arithmetic unit. 
Further included is an address register for Storing an initial 
address word indicative of a Storage circuit address. An 
instruction decode and control unit, connected to the Storage 
circuit and having an instruction register operative to hold a 
program instruction is operative to decode the program 
instruction into control Signals to control the operations of 
the data processing device and location codes to control data 
transferS according to predetermined Sections of the program 
instruction wherein at least one of the Sections includes a 
location Section Selecting the address register and a displace 
ment Section containing address data. Further included is an 
address generating unit connected to the Storage circuit, the 
instruction register, and the address register responsive to 
the control signals from the instruction decode and control 
unit combining the initial address word from the address 
register and the address data from the displacement Section 
to generate a Storage circuit address. Other devices, Systems 
and methods are also disclosed. 
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NOTICE 

0009 (C) Copyright 1989 Texas Instruments Incorpo 
rated. A portion of the disclosure of this patent document 
contains material which is Subject to copyright protection. 
The copyright owner has no objection to the facsismle 
reproduction by anyone of the patent disclosure, as it 
appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatso 
CWC. 

BACKGROUND OF THE INVENTION 

0010) 1. Field of the Invention 
0.011 This invention generally relates to data processing 
devices, Systems and methods and more particularly to 
communication between Such devices, Systems and meth 
ods. 

0012. 2. Background Art 
0013 A microprocessor device is a central processing 
unit or CPU for a digital processor which is usually con 
tained in a single Semiconductor integrated circuit or “chip' 
fabricated by MOS/LSI technology, as shown in U.S. Pat. 
No. 3,757,306 issued to Gary W. Boone and assigned to 
Texas Instruments Incorporated. The Boone patent Shows a 
single-chip 8-bit CPU including a parallel ALU, registers for 
data and addresses, an instruction register and a control 
decoder, all interconnected using the Von Neumann archi 
tecture and employing a bidirectional parallel bus for data, 
address and instructions. U.S. Pat. No. 4,074,351, issued to 
Gary W. Boone, and Michael J. Cochran, assigned to Texas 
Instruments Incorporated, shows a Single-chip “microcom 
puter type device which contains a 4-bit parallel ALU and 
its control circuitry, with on-chip ROM for program Storage 
and on-chip RAM for data Storage, constructed in the 
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Harvard architecture. The term microprocessor usually 
refers to a device employing external memory for program 
and data Storage, while the term microcomputer refers to a 
device with on-chip ROM and RAM for program and data 
Storage. In describing the instant invention, the term “micro 
computer” will be used to include both types of devices, and 
the term “microprocessor' will be primarily used to refer to 
microcomputers without on-chip ROM; both terms shall be 
used since the terms are often used interchangeably in the 
art. 

0014) Modern microcomputers can be grouped into two 
general classes, namely general-purpose microprocessors 
and Special-purpose microcomputers and microprocessors. 
General purpose microprocessors, such as the M68020 
manufactured by Motorola, Inc., are designed to be pro 
grammable by the user to perform any of a wide range of 
tasks, and are therefore often used as the central processing 
unit in equipment Such as personal computers. Such general 
purpose microprocessors, while having good performance 
for a wide range of arithmetic and logical functions, are of 
course not specifically designed for or adapted to any 
particular one of Such functions. In contrast, Special-purpose 
microcomputers are designed to provide performance 
improvement for Specific predetermined arithmetic and logi 
cal functions for which the user intends to use the micro 
computer. By knowing the primary function of the micro 
computer, the designer can Structure the microcomputer in 
Such a manner that the performance of the Specific function 
by the Special-purpose microcomputer greatly exceeds the 
performance of the same function by the general-purpose 
microprocessor regardless of the program created by the 
USC. 

0015. One such function which can be performed by a 
Special-purpose microcomputer at a greatly improved rate is 
digital Signal processing, Specifically the computations 
required for the implementation of digital filters and for 
performing Fast Fourier Transforms. Because Such compu 
tations consist to a large degree of repetitive operations Such 
as integer multiply, multiple-bit shift, and multiply-and-add, 
a special-purpose microcomputer can be constructed Spe 
cifically adapted to these repetitive functions. Such a spe 
cial-purpose microcomputer is described in U.S. Pat. No. 
4,577,282, assigned to Texas Instruments Incorporated. The 
Specific design of a microcomputer for these computations 
has resulted in Sufficient performance improvement over 
general purpose microprocessors to allow the use of Such 
Special-purpose microcomputers in real-time applications, 
Such as Speech and image processing. 

0016. The increasing demands of technology and the 
marketplace make desirable even further Structural and 
process improvements in processing devices, Systems and 
methods of operation. These demands have lead to increas 
ing the performance of Single-chip devices and Single Sys 
tems as State-of-the-art Silicon processing technologies 
allow. However, Some performance-hungry applications 
Such as Video conferencing, 3D graphics and neural net 
WorkS require performance levels over and above that which 
can be achieved with a Single device or System. Many Such 
applications benefit from parallel processing. 

0017. However, performance gains from parallel process 
ing are improved when communication overhead between 
processors is minimized. Thus, improvements are desirable 
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which enhance interprocessor communications, and thus 
Software and System development. 

SUMMARY OF THE INVENTION 

0.018. In general, the summary of the invention is a data 
processing device comprising a Storage circuit accessible by 
assertion of addresses, an arithmetic logic unit connected to 
the Storage circuit, operative to perform an arithmetic opera 
tion on data received by the arithmetic unit. Further included 
is an address register for Storing an initial address word 
indicative of a storage circuit address. An instruction decode 
and control unit, connected to the Storage circuit and having 
an instruction register operative to hold a program instruc 
tion is operative to decode the program instruction into 
control Signals to control the operations of the data proceSS 
ing device and location codes to control data transfers 
according to predetermined Sections of the program instruc 
tion wherein at least one of the Sections includes a location 
Section Selecting the address register and a displacement 
Section containing address data. Further included is an 
address generating unit connected to the Storage circuit, the 
instruction register, and the address register responsive to 
the control signals from the instruction decode and control 
unit combining the initial address word from the address 
register and the address data from the displacement Section 
to generate a Storage circuit address. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The novel features believed characteristic of the 
invention are Set forth in the appended claims. The preferred 
embodiments of the invention as well as other features and 
advantages thereof will be best understood by reference to 
the detailed description which follows, read in conjunction 
with the accompanying drawings, wherein: 

0020 FIG. 1 is an electrical diagram, in block form, of 
a microcomputer constructed according to the invention. 
0021 FIG. 1a is a block diagram illustrating control 
registers of the CPU of the microcomputer of FIG. 1. 
0022 FIG.2a is an electrical diagram, in block form, of 
the communication port of the microcomputer of FIG. 1 
interfaced to an analog to digital converter. 
0023 FIG.2b is an electrical diagram, in block form, of 
the communication port of the microcomputer of FIG. 1 
interfaced to a data processing device via an interface 
module. 

0024 FIG. 3 is a diagram illustrating four instruction 
formats of the microcomputer of FIG. 1. 
0.025 FIG. 4 is an electrical diagram, in block form, of 
the data flow which occurs when invoking the four instruc 
tion formats illustrated in FIG. 3. 

0.026 FIG. 5a is an electrical diagram, in block form, of 
the peripheral ports of the microcomputer of FIG. 1. 

0027 FIG. 5b is a electrical diagram, in block form, 
illustrating interface Signals of the global peripheral port of 
the microcomputer of FIG. 1. 

0028 FIG. 5c is a electrical diagram, in block form, 
illustrating interface Signals of the local peripheral port of 
the microcomputer of FIG. 1. 
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0029 FIG. 5d is a block diagram illustrating the rela 
tionship between the bits of an address defining the current 
page and the bits of an address defining the addresses on a 
current page. 

0030 FIG. 5e is a block diagram illustrating the global 
peripheral interface control register of the microcomputer of 
FIG. 1. 

0031 FIG. 5f is a block diagram illustrating the global 
peripheral interface control register of the microcomputer of 
FIG. 1. 

0032 FIG.5g is a block diagram illustrating the effect of 
the STRB ACTIVE field on the memory map of the global 
memory bus of the microcomputer of FIG. 1. 
0033 FIG. 6a is a timing diagram illustrating when 
signal RDY is sampled in relation to the STRB and H1 
Signals of the global peripheral port of the microcomputer of 
FIG. 1. 

0034 FIG. 6b is a timing diagram illustrating a read, read 
and write Sequence to the same page of an external memory 
map via the global peripheral port of the microcomputer of 
FIG. 1. 

0035 FIG. 6c is a timing diagram illustrating a write, 
write and read Sequence to the same page of an external 
memory map Via the global peripheral port of the micro 
computer of FIG. 1. 
0036 FIG. 6d is a timing diagram illustrating a read 
Same page, read different page and a read Same page 
Sequence to an external memory map via the global periph 
eral port of the microcomputer of FIG. 1. 
0037 FIG. 6e is a timing diagram illustrating a write 
Same page, write different page and a write same page 
Sequence to an external memory map via the global periph 
eral port of the microcomputer of FIG. 1. 
0038 FIG. 6f is a timing diagram illustrating a write 
Same page, read different page and a write different page 
Sequence to an external memory map via the global periph 
eral port of the microcomputer of FIG. 1. 
0039 FIG. 6g is a timing diagram illustrating a read 
different page, read different page and a write Same page 
Sequence to an external memory map via the global periph 
eral port of the microcomputer of FIG. 1. 
0040 FIG. 6h is a timing diagram illustrating a write 
different page, write different page and a read Same page 
Sequence to an external memory map via the global periph 
eral port of the microcomputer of FIG. 1. 
0041 FIG. 6i is a timing diagram illustrating a read same 
page, write different page and a read different page Sequence 
to an external memory map Via the global peripheral port of 
the microcomputer of FIG. 1. 
0042 FIG. 7a is an electrical diagram, in block form, of 
the controller of the microcomputer of FIG. 1. 
0043 FIG. 7b is a timing diagram illustrating the pipe 
lining of instruction codes performed by the controller of 
F.G. 6a. 

0044 FIG. 8a is a chart illustrating the properties of a 
delayed branch instruction, trap instruction and a delayed 
branch instruction. 
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004.5 FIG. 8b is a diagram illustrating the initiation of 
the delayed trap instruction in relation to the intervals of the 
pipeline of the microcomputer of FIG. 1. 
0.046 FIG. 8c is a diagram illustrating a trap vector table 
of the microcomputer of FIG. 1. 
0047 FIG. 8d is a flow chart illustrating the execution of 
a delayed trap instruction of the microcomputer of FIG. 1. 
0.048 FIG. 8e is a diagram illustrating the initiation of 
the repeat block delayed instruction in relation to the inter 
vals of the pipeline of the microcomputer of FIG. 1. 
0049 FIG. 8f is a electrical diagram, in block form, of 
the repeat block logic contained in the CPU of the micro 
computer of FIG. 1. 
0050 FIG.8g is a flow chart illustrating the execution of 
a repeat block delayed instruction of the microcomputer of 
FIG. 1. 

0051 FIG. 9 is an electrical diagram, in block form, of 
the instruction cache of the microcomputer of FIG. 1. 
0.052 FIG. 10 is an electrical diagram, in block form, of 
the DMA coprocessor of the microcomputer of FIG. 1. 
0053 FIG. 11 is a block diagram of the split-mode DMA 
operation of the microcomputer of FIG. 1. 
0.054 FIG. 12a is a diagram illustrating the rotating 
priority scheme implemented for the six DMA channels of 
the microcomputer of FIG. 1. 
0055 FIG. 12b is a diagram illustrating the rotating 
priority Scheme implemented for split-mode DMA operation 
of the microcomputer of FIG. 1. 
0056 FIG. 13 is an electrical diagram, in block form, of 
the peripheral modules and peripheral bus of the microcom 
puter of FIG. 1. 
0057 FIG. 14 is an electrical diagram, in block form, of 
two communication ports directly interfaced. 
0.058 FIG. 15 is an electrical diagram, in block form, of 
the communication port of the microcomputer of FIG. 1. 
0059 FIG. 16 is a state diagram, in block form, of the 
communication port arbitration unit of the microcomputer of 
FIG. 1. 

0060 FIG. 17 illustrates the signal convention used 
between two connected communication ports A and B. 
0061 FIG. 18a is a timing diagram illustrating a token 
transfer between communication ports A and B. 
0.062 FIG. 18b is a timing diagram illustrating data 
transfer between communication ports A and B. 
0.063 FIG. 19 illustrates a stand-alone configuration of 
the improved data processing device of FIG. 1 configured to 
show connection to a plurality of memory and peripheral 
devices, as well as connection to other Systems via commu 
nication ports. 
0.064 FIG. 20 illustrates a parallel processing system 
architecture with external memory in the form of building 
blocks. 

0065 FIG. 21 illustrates a single data processing device 
without external memory in the form of building blocks. 
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0066 FIG. 22 illustrates another parallel processing sys 
tem architecture in a pipelined linear array or Systolic array. 
0067 FIG. 23 illustrates another parallel processing sys 
tem architecture in the form of a bidirectional ring. 
0068 FIG. 24 illustrates another parallel processing sys 
tem architecture in the form of a tree. 

0069 FIG. 25 illustrates another parallel processing sys 
tem architecture wherein the communication ports are used 
to Support a variety of two-dimensional Structures Such as a 
lattice. 

0070 FIG. 26 illustrates another parallel processing sys 
tem architecture wherein a two-dimensional Structure, in the 
form of a hexagonal mesh, is constructed. 
0071 FIG. 27 illustrates another parallel processing sys 
tem architecture using a three-dimensional grid or cubic 
lattice. 

0072 FIG. 28 illustrates another parallel processing sys 
tem architecture where a four-dimensional hypercube Struc 
ture is utilized. 

0073 FIG. 29 illustrates another parallel processing sys 
tem architecture which illustrates a combination of shared 
memory and processor-to-processor communication. 
0074 FIG. 30 illustrates yet another configuration of 
parallel processing System architecture wherein communi 
cation ports and Support for Shared global memory permit a 
variety of configurations. 
0075 FIG. 31 illustrates another parallel processing sys 
tem architecture wherein a plurality of improved data pro 
cessing devices of FIG. 1 interface to global and local 
memory. 

0.076 FIG. 32 illustrates yet another configuration of 
parallel processing System architecture where a plurality of 
data processing devices of FIG. 1 share a plurality of global 
memories. 

0.077 FIG.33 illustrates another configuration of parallel 
processing System architecture where communication 
between Some processors are established via modems. 
0078 FIG.34 illustrates a example robotic structure that 
utilizes the parallel processing System architecture. 
007.9 FIG. 35 illustrates a circuit used to multiplex data 
for the three-operand addressing instructions. 
0080 FIG.36a illustrates a circuit which counts the three 
instructions fetched after a delayed trap instruction. 
0081 FIG. 36b illustrates an incrementer used in the 
implementation of the delayed trap instructions. 
0082 Corresponding numerals and other symbols refer to 
corresponding parts in the various figures of drawings 
except where the context indicates otherwise. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0083) Referring now to FIG. 1, the architecture of a 
microcomputer 10 is shown, Said microcomputer being 
Specially adapted to digital Signal processing and incorpo 
rating the instant invention. The major functional blocks of 
microcomputer 10 are constituted by central processing unit 
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(CPU) 12, controller 14, and direct memory access (DMA) 
coprocessor 22. The memory contained in microcomputer 
10 according to this embodiment of the invention includes 
random access memories (RAMs) 16 and 18, and read-only 
memory (ROM) 20. RAMs 16 and 18 contain, in this 
embodiment, 2', or 1K, words; ROM 20 contains 2', or 
4K, words. External connection is made by way of periph 
eral ports 24 and 26, which multiplex various bus signals 
onto external terminals of microcomputer 10 and which 
provide Special purpose Signals for communication to exter 
nal devices which are to receive and Send data via Such 
external terminals. Connected to peripheral port 25 is 
peripheral bus 28, which is adapted to be connected to 
various peripheral function blocks as will be explained 
hereinbelow. 

0084. Data communication within microcomputer 10 can 
be effected by way of data bus 30. Data bus 30 contains a set 
of data lines 30d which are dedicated to the communication 
of data Signals among memories 16, 18 and 20, peripheral 
ports 24, 25 and 26, and CPU 12. In this embodiment of the 
invention, data bus 30 contains thirty-two data lines in set 
30d, accordingly, the data Signals communicated among 
memories 16, 18 and 20, peripheral ports 24, 25 and 26, and 
CPU 12 are considered as thirty-two bit words. Data bus 30 
further contains a first set of address lines 30a and a second 
set of address lines 30b, both of which are for communica 
tion of address Signals corresponding to memory locations in 
memories 16, 18 and 20. In this embodiment of the inven 
tion, data bus 30 contains thirty-two address lines in each of 
Sets 30a and 30b. Address lines 30a and 30b are also 
connected among CPU 12, peripheral ports 24, 25 and 26, 
and memories 16, 18 and 20. AS is evident from FIG. 1, 
memories 16, 18 and 20 each have two ports 32a and 32d. 
Each of ports 32a are connected to address lines 30a and 30b 
of data bus 30, and receive the address Signals presented 
thereupon to provide access to the corresponding memory 
location by way of port 32d to data lines 30d of data bus 30. 
0085 Microcomputer 10 also effects communication by 
way of program bus 34. Similarly as data bus 30, program 
bus 34 contains a set of data lines 34d connected to ports 32d 
of memories 16, 18 and 20. Data lines 34d of program bus 
are also connected to peripheral ports 24, 25 and 26, and to 
controller 14. Program bus 34 further contains a set of 
address lines 34a, which are connected to ports 32a of 
memories 16, 18 and 20, to peripheral ports 24, 25 and 26, 
and to controller 14. Also connected to address bus 34 is 
instruction cache 36 which also has ports 32a and 32d 
connected to address lines 34a and data lines 34d, respec 
tively. Instruction cache 36 is a small (128 word) high speed 
memory which is used to retain the most recently used 
instruction codes So that, if external memory devices are 
used for program Storage, the retrieval of repetitively used 
instructions can be effected at the same rate as from memo 
ries 16, 18 and 20. Detailed construction and operation of 
instruction cache 36 is given hereinbelow. Controller 14 
contains Such circuitry as required to decode instruction 
codes received on data lines 34d of program bus 34 into 
control Signals which control the Specific logic circuitry 
contained in all blocks of microcomputer 10. FIG. 1 illus 
trates lines SEL SELs, SELo, SEL, SELs and SEL 
which carry certain of these control signals to control acceSS 
of microcomputer 10 to memories 16, 18, and 20, and 
peripheral ports 24, 25 and 26, respectively. Control Signals 
CNTL14 provide communication controls between CPU 12 
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and communication ports 50 through 55; other such control 
signals generated by controller 14 are not shown in FIG. 1, 
for purposes of clarity. Because of its connection to instruc 
tion cache 36 and to controller 14, program bus 34 is used 
primarily for the addressing and communication of instruc 
tion codes contained in memories 16, 18 and 20. According 
to the invention, Such instruction codes can reside in any of 
memories 16, 18 and 20, or in external memory, without 
designation of any Specific locations as dedicated to program 
memory. 

0086 DMA coprocessor 22 is connected to memories 16, 
18 and 20 by way DMAbus 38. Similarly as data bus 30 and 
program bus 34, DMA bus 38 has a set of data lines 38d 
which are connected to ports 32d of memories 16, 18 and 20. 
DMA bus 38 further has a set of address lines 38a connected 
to ports 32a of memories 16, 18 and 20. DMA coprocessor 
22 is also connected to peripheral buS 28, and to peripheral 
ports 24, 25 and 26. DMA coprocessor 22 effects direct 
memory access operations, by which blocks of data Stored 
within the memory space of microcomputer 10 may be 
moved from one area of memory (the Source) to another 
(destination). The Source area of memory may be within 
memories 16, 18 or 20, or in memory devices external to 
microcomputer 10 which are connected to the terminals 
served by peripheral port 24 and 26, and the destination of 
the block of data may be in all of Such memories (except of 
course ROM 20). It is apparent from the construction of 
microcomputer 10 as shown in FIG. 1, and from the 
descriptive name given (DMA coprocessor 22), that Such 
DMA operations may be effected by DMA coprocessor 22 in 
microcomputer 10 without requiring the intervention of 
CPU 12. 

0087. At the conclusion of a block transfer, the DMA 
coprocessor 22 can be programmed to do Several things: an 
interrupt can be generated to Signal that the block transfer is 
complete; the DMA channel can Stop until reprogrammed; 
or most importantly, the DMA channel can autoinitialize 
itself at the start of the next block transfer for effectuating 
another block transfer by obtaining a new Source and 
destination area space within memories 16, 18 or 20 or in 
memory devices external to microcomputer 10 which are 
connected to the terminals Served by peripheral port 24 and 
26. This autoinitalization for effectuating another block 
transfer is done without any intervention by the CPU. 
0088 Six specialized communication ports 50 through 55 
are served by peripheral port 25 and peripheral bus 28. 
Communication ports 50 through 55 provide additional 
means for external data transfers. Control signals DMA22 
provide communication controls between DMA coprocessor 
22 and communication ports 50-55. FIGS. 2a and 2b 
illustrate the versatility of the communication ports. In FIG. 
2a, the communication port is connected to a Stream oriented 
device Such as an analog to digital (A/D) converter. It should 
be noted that control and data signals 585 are properly 
matched. Utilizing the input and output first-in-first-out 
(FIFO) buffers 540 and 550, the communication port pro 
vides a buffered interface for the stream oriented device. 
Other Stream oriented devices include a digital to analog 
(D/A) converter. FIG. 2b shows another data processing 
device connected to the communication via interface 590. It 
is apparent from the examples in FIGS. 2a and 2b that 
interfacing to the communication ports is readily accom 
plished through the use of devices with proper interface 
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signals 585 built onto the device or through the use of an 
interfacing module 590 that is designed to provide proper 
interface signals 585 to existing devices not built to accom 
modate the communication port. 

0089. Each one of the communication ports 50 through 
55 provide a bidirectional interface 580 with an eight word 
(thirty-two bits/word) deep input first-in-first-out (FIFO) 
buffer 540 and an eight word deep output FIFO buffer 550. 
Arbitration and handshaking circuitry 500 is self contained 
within each communication port for effectuating external 
communications via control and data lines 585. A detailed 
description of the communication ports 50 through 55 is 
discussed below. It should be noted that the preferred 
embodiment of microcomputer 10 has a special Split-mode 
operation that utilizes the DMA coprocessor 22 and com 
munication ports 50 through 55. In split-mode one DMA 
channel is transformed into two channels: one DMA channel 
is dedicated to receiving data from a communication port 
(the Source) and writing it to a location in the memory map 
(destination); and one DMA channel is dedicated to reading 
data from a location in the memory map (the Source) and 
writing it to a communication port (destination). Details of 
the split-mode DMA will be further described below. 

0090 There are six DMA channels in the preferred 
embodiment; each of them are capable of performing all of 
the functions described hereinabove. Since all six DMA 
channels use the same DMA bus 38 and peripheral bus 28 to 
effectuate its block transfers, conflicts for DMA accesses 
might occur between the channels. Thus, the DMA copro 
ceSSor 22 also functions to arbitrate requests from any or all 
of the six DMA channels requesting access to the DMA bus 
38 and peripheral bus 28. The DMA coprocessor 22 imple 
ments a rotating priority Scheme to insure that any channel 
requesting bus acceSS will in turn be Serviced. Details of the 
rotating priority scheme will be further described below. 

0.091 Ports 32a are primarily multiplexers, so that selec 
tion of one set of address lines 30a, 30b, 34a, or 38a for 
connection to its associated memory 16, 18 or 20 can be 
effected. Similarly, each of ports 32d are connected to data 
lines 30d of data bus 30, for communication of the data 
Stored (or to be stored) by the addressed memory location. 
Memories 16, 18 and 20 each contain an address decoder 33, 
connected to its port 32a, for decoding the memory address 
Signal presented on the Selected one of Said address lines 
30a, 30b, 34a, or 38a. Based on the output from address 
decoder 33, access is granted to the memory location Speci 
fied by the selected address signal. RAMs 16 and 18, and 
ROM 20, are all constructed so that the selected memory 
location is Sensed and/or written based upon the output of 
address decoder 33 therewithin. Ports 32d provide a high 
impedance output to the data lines of buses 30, 34 and 38 
connected thereto when not Selected, thereby preventing 
data conflicts on buses 30, 34 and 38. 

0092. Each of the sets of address lines in data bus 30, 
program bus 34 and DMA bus 38 consist of thirty-two 
conductors in the preferred embodiment of this invention. 
Accordingly, the maximum number of memory locations 
addressable by way of the sets of address lines in data bus 
30, program bus 34 and DMA bus 38 is 232 words (four 
Giga-words) of thirty-two bits. However, since the total 
number of words in memories 16, 18 and 20 is 6K, a large 
amount of the addressable memory Space of microcomputer 
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10 may reside in memory devices external to microcomputer 
10. Such external memory has address decoding capability, 
similar to the on-chip memories 16, 18 and 20, and responds 
to the generated address signals on the address lines of buses 
30, 34 and 38 in a similar fashion. In the preferred embodi 
ment, a single memory address Space is provided for micro 
computer 10, So that a given address Signal presented on any 
given set of address lines of buses 30, 34 and 38 will address 
a memory location in only one of memories 16, 18 and 20. 
Therefore, using the example of address lines 30a being 
Selected by ports 32a, a given address signal on address lines 
30a will correspond to a memory location in only one of 
memories 16, 18 and 20, or in external data, program or 
input/output memory. It should be noted that microcomputer 
10 is organized in such a fashion that it is preferable that 
external data and program memory be accessed by way of 
peripheral port 24 and 26, and that internal input/output 
memory be accessed by way of peripheral port 25. 
0093 Peripheral bus 28 is connected between peripheral 
port 25 and various peripheral functions. Peripheral bus is 
therefore selectively connectable to any one of buses 30, 34 
and 38, depending upon the control of peripheral port 25 by 
controller 14. In this manner, peripheral bus 28 appears to 
the remainder of microcomputer 10 as an off-chip bus. This 
provides for Such functions as normally provided by periph 
eral devices to be incorporated into microcomputer 10; 
communications with Such peripheral devices are performed 
by the remainder of microcomputer 10 in much the same 
way as an off-chip device. By way of example, microcom 
puter 10 of FIG. 1 has timer 40 and 41, analysis module 42 
and six communication ports 50-55 attached to peripheral 
bus 28. Similarly as the other buses described above, periph 
eral bus 28 contains data lines 28d and address lines 28a. In 
contrast to the communication between memories 16, 18 and 
20 and the remainder of microcomputer 10 connected to 
buses 30, 34 and 38, however, address lines 28a of periph 
eral bus 28 are used to select one of said peripherals 40, 41, 
42 or communication ports 50-55 connected thereto to 
receive or transmit data from or to data lines 28d of 
peripheral bus 28. In addition, as will be described below, 
control registers in DMA coprocessor 22 and in communi 
cation ports 50-55 are also accessed by way of peripheral 
bus 28. 

0094. The construction and operation of a CPU and its 
addressing modes similar to CPU 12 is described in the 
incorporated U.S. Pat. No. 4,912,636. However, CPU 12 is 
modified to embody a larger multiplier capable of handling 
thirty-two bits by thirty-two bits integer multiplies and forty 
bits by forty bits floating point multiplies. CPU 12 incor 
porates a reciprocal Seed ROM used to compute an approxi 
mation to 1/B where B is the divisor. A reciprocal Square root 
Seed ROM is also present for generating a Seed approximat 
ing the reciprocal of the Square root of the operand for 
Square root calculations. The advantages and details about 
the operation of the seed ROM is described in U.S. Pat. No. 
4,878,190 assigned to Texas Instruments Incorporated (TI 
Docket 13241) which is incorporated herein by reference. 
0.095 FIG. 1a shows a number of control registers 160 of 
the preferred embodiment of CPU 12. Interrupt and trap 
vector table pointers 161 are each 32-bit registers. These 
registers reside in a CPU 12 expansion register-file located 
away from CPU 12 unlike other control registers for CPU 12 
that reside within CPU 12. Since interrupt and trap vector 
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table pointers 161 are control registers of CPU 12, CPU 12 
accesses the registers at various times. Thus, instructions are 
available to perform a load from an expansion register to a 
primary register for use by CPU 12. Conversely, a command 
is available to perform a load from a primary register to an 
expansion register when the primary register is loaded with 
control data from another control register within CPU 12. 
0096) The interrupt vector table pointer (IVTP) points to 
the interrupt vector table (IVT) which contains addresses of 
the first instruction of interrupt routines. 
0097. The trap vector table pointer (TVTP) points to the 
trap vector table (TVT) which contains addresses of the first 
instruction of trap routines. 
0.098 Interrupt and trap routines are instructions that are 
executed during the execution of the main program to 
accommodate situations confronted by microcomputer 10 of 
the preferred embodiment. 
0099] The CPU and DMA interrupt mask and flags 162 
are 32-bit registers. The mask registers are used to enable or 
disable interrupts while the flag registers are set by devices 
indicating a condition has occurred. 
0100. The stack pointer (SP) 163 is a 32-bit register that 
contains the address of the top of the system stack. The SP 
points to the last element pushed onto the Stack. 
0101 Block repeat register 164 are 32-bit registers con 
taining the Starting and ending address of the block of 
program memory to be repeated when operating in the 
repeat mode. 
0102) The status register 165 is a 32-bit register contain 
ing global information relating to the state of CPU 12. 
0103 Index register 166 are 32-bit registers used by the 
auxiliary register arithmetic units for indexing addresses. 
The incorporated U.S. Pat. No. 4,912,636 describes the 
operations of indexing addresses. 

0104. The preferred embodiment has improved three 
operand addressing instructions. The three-operand address 
ing not only includes two data fetches for operands and one 
data load for the result into a register file but further features 
also. The data fetches selectively supported by the preferred 
embodiment are: immediate data from the instruction, 
memory data located at a displacement of an auxiliary 
register, and a register in the register file. The four instruc 
tion formats are shown in FIG. 3. The description herein 
below mainly discusses the improvement of the instruction 
formats thus concentrating on the Scr1 and Scr2 field. The 
two scr1 and scr2 fields determine the operands for ALU 130 
shown in FIG. 4. Rn field 120 of the instruction is a five bit 
field used to address a register in register file 131 as shown 
in FIG. 4. Immediate field 121 of the instruction is imme 
diate data residing in the instruction word that is decoded 
and extracted by instruction decode and control 202. ARn 
122 and ARm 123 correspond with dispn 124 and dispm 125 
of the instruction respectively to effectuate indirect address 
ing as described in the incorporated U.S. Pat. No. 4,912,636. 
AR file 132 and auxiliary ALU 133 and 134 are used to 
effectuate the indirect addresses for the data operands resid 
ing in memory 135. 

0105 Referring to FIG. 4, the instruction register 94 
containing the instruction word is decoded by instruction 
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decode and control 202 where appropriate control and data 
Signals are generated. For example, the ARn field 122 and 
ARm field 123 are decoded, and Signals ARn Select and 
ARm Select are generated to Select address data from 
address register (AR) file 132. The fields dispn 124 and 
dispm 125 are decoded and extracted from the instruction 
word and sent to auxiliary ALU 133 and 134 where the 
address data from AR file 132 are combined. Addresses 
corresponding to locations in memory 135 are generated and 
operands are fetched and fed to ALU 130. The immediate 
field 121 is decoded and extracted from the instruction word 
and becomes an operand to ALU 130. The Rn field 120 is 
decoded by instruction decode and control 202 and Signal 
Rn Select is generated to Select the contents of Rn from 
register file 131. The dst field 126 is decoded by instruction 
decode and control 202 and Signal dst Select is generated to 
Select the destination register to Store the result of the 
operation from ALU 130 to register file 131. The operation 
field is decoded and extracted by the instruction decode and 
control 202 to control the operation of ALU 130. Since fields 
128 and 129 are not pertinent to the understanding of the 
improved three-operand instruction and for purposes of 
clarity, they are not discussed. 

0106 The four additional three-operand instruction for 
mats shown in FIG. 3 are developed to support the most 
common form of data addressing required for compiled 
code. As a result these instructions reduce code size for both 
hand assembled and compiled code. Thus, noticeable 
improvements in performance is realized in the Speed and 
efficiency at which microcomputer 10 can perform its pro 
grammed tasks. 

0107 Referring now to FIG. 5a, the construction of 
peripheral ports 24, 25 and 26 is described in detail. Periph 
eral ports 24, 25 and 26 are connected to data bus 30, 
program bus 34 and DMA bus 38, as described with refer 
ence to FIG. 1. Peripheral port 24 consists primarily of a 
multiplexer 100, which selectively connects external data 
lines GD to data lines 30d of data bus 30, data lines 34d of 
program bus 34 or data lines 38d of DMA bus 38, responsive 
to control Signals generated on lines SEL by controller 14. 
It should be noted that multiplexer 100 creates a bidirec 
tional connection between external data lines GD, and the 
data lines 30d., 34d or 38d, so that data may be received or 
presented therebetween. In addition, multiplexer 102 selec 
tively connects external address lines GA to address lines 
30a or 30b of data bus 30, address lines 34a of program bus 
34, or address lines 38a of DMA bus 38, also responsive to 
controller 14 depending upon which data lines are connected 
by multiplexer 100 to data lines GD, 
0.108 Peripheral port 26 is similarly constructed as 
peripheral port 24, but is controlled by lines SEL inde 
pendently from peripheral port 24, So that communication at 
peripheral ports 24, 25 and 26 can occur Simultaneously and 
independently, so long as the buses 30, 34 and 38 used by the 
ports are not simultaneously used. Peripheral port 26 is an 
additional peripheral port having the same capabilities as 
peripheral port 24. Accordingly, as shown in FIG. 5a, 
peripheral port 26 contains multiplexers 108 and 110 cor 
responding to like components in peripheral port 24. 

0109 Control and operation of the two external periph 
eral interfaces of the preferred embodiment-global periph 
eral port 24 (or global memory interface) and local periph 
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eral port 26 (or local memory interface)—are discussed in 
detail. For purposes of this discussion the two ports are 
functionally identical, thus discussion of global peripheral 
port 24 also applies to local peripheral port 26. FIG. 5b 
shows the interface Signals for global peripheral port 24, and 
FIG. 5c shows the interface signals for local peripheral port 
26. 

0110 Global peripheral port 24 has separate 32-bit data 
and 32-bit address buses. Two Sets of control Signals are 
available for interfacing with multiple devices. Multiple sets 
of control Signals are advantageous particularly if interfac 
ing devices operate at access times slower than peripheral 
port 24. Thus, time spent waiting (idle time) for an external 
device to respond is used to access another external device 
and the data throughput of global peripheral port 24 is 
maximized. 

0111 Control signals STRB1 and STRB2 are shown in 
FIG. 5b. It should be noted that signal names shown in 
Figures with Over bars above the Signal name represent the 
corresponding Signal name having a Suffix " in the text. 
STRB1 and STRB2 become active signalling the interval 
when valid information and control signals can be passed 
between peripheral port 24 and the connected external 
device. R/W0 and R/W1 specify the direction of the flow 
of data through peripheral port 24. Control signals RDY0 
and RDY1 are used to signal valid data is available on the 
selected bus. Control signals PAGE0 and PAGE1 signal the 
transition to perform data operations on another page of a 
page partitioned memory. 

0112 The preferred embodiment, using a 32-bit address, 
has independent page sizes for the different Sets of external 
strobes. This feature allows great flexibility in the design of 
external high Speed, high-density memory Systems and the 
use of slower external peripheral devices. Both the STRB0 
PAGESIZE and STRB1 PAGESIZE fields work in the same 
manner. The PAGESIZE field specifies the page size for the 
corresponding strobe. The PAGESIZE field is discussed 
herein-below. Table 1.1 illustrates the relationship between 
the PAGESIZE field and the bits of the address used to 
define the current page and the resulting page size. The page 
size is from 256 words, with external address bus bits 7-0 
defining the location on a page, up to 2 Giga words with 
external address bus bits 30-0 defining the location on a 
page. FIG. 5d illustrates an external address showing the 
relationship between the bits of an address defining the 
current page and the bits of an address defining the addresses 
on a current page. AS shown in Table 1.1, the field for 
external address bus bits defining addresses on a page 
increases as the number of addressable words on a page 
increases i.e. page size. Inversely, the number of bits defin 
ing the current page increases as the number of addressable 
pages increases. The trade off between bits used to address 
pages and words is shown in Table 1.1. 

TABLE 1.1 

External 
address bus 
bits defining 

External 
address bus 
bits defining 

PAGESIZE the current address on a Page size 
field page page (32-bit words) 

11111 Reserved Reserved Reserved 
11110 None 3O-O 2 = 2G 
11101 3O 29-O 2 - 1G 
11100 30-29 28-O 22 - 512M 
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TABLE 1.1-continued 

External 
address bus 
bits defining 

External 
address bus 
bits defining 

PAGESIZE the current address on a Page size 
field page page (32-bit words) 

110 30-28 27-0 22 – 256M 
11010 30-27 26-0 227 = 128M 
11OO 30-26 25-0 2 = 64M 
11OOO 30-25 24-0 22 = 32M 
101 30-24 23-O 22 = 1.6M 
10110 30-23 22-0 2 = 8M 
1010 30-22 21-0 2' = 4M 
101OO 30-21 2O-O 22 = 2M 
1OO 30-2O 19-0 220 - 1M 
10010 30-19 18-0 2 = 512K 
1OOO 30-18 17-O 2 = 256K 
1OOOO 30-17 16-0 27 = 128K 
O11 30-16 15-0 2 = 64K 
O1110 30-15 14-0 2' = 32K 
O110 30-14 13-0 2' = 16K 
O1100 30-13 12-0 2 = 8K 
O1O 30-12 11-0 22 = 4K 
O1010 30-11 10-0 2' = 2K 
O1OO 30-10 9-O 2 = 1 K 
O1OOO 30-9 8-0 2 = 512 
OO1 30-8 7-O 2 = 256 
OO110-00000 Reserved Reserved Reserved 

0113 Changing from one page to another has the effect of 
inserting a cycle in the external acceSS Sequence for external 
logic to reconfigure itself in an appropriate way. The 
memory interface control logic 104 keeps track of the 
address used for the last access for each STRB When an 
acceSS begins, the page Signal corresponding to the active 
STRB goes inactive if the access is to a new page. The 
PAGE0 and PAGE1 signals are independent of one another, 
each having its own page size logic. 
0114) Referring to FIG. 5b control signals CEO and 
CE1 are control enable signals. CE0 causes lines R/W0, 
STRB0 and PAGE0 to be in the high-impedance state. 
Similarly, control signal CE1 causes lines R/W1, STRB1 
and PAGE1 to be in the high-impedance state. 
0115 The preferred embodiment has separate enable 
Signals for the data bus and address bus. Signal DE controls 
the data bus which and Signal AE controls the address bus 
which has 31-bits. There are 4-bits that are used to define the 
current Status of the peripheral port as defined in Table 1.2. 
The status signals identify STRB0 and STRB1 accesses, 
data reads and writes, DMA reads and writes, program reads, 
and SIGI (SIGnal Interlock) reads. 
0116 Signal interlock is used in configurations where 
there is Sharing of global memory by multiple processors. In 
order to allow multiple processors to access the global 
memory and share data in a coherent manner, handshaking 
and arbitration is necessary. 

TABLE 1.2 

STAT3 STAT2 STAT1 STATO Status 

O O O O STRBO access, program 
read 

O O O 1. STRBO access, data read 
O O 1. O STRBO access, DMA read 
O O 1. 1. STRBO access, SIGI read 
O 1. O O Reserved 
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TABLE 1.2-continued 

STAT3 STAT2 STAT1 STATO Status 

O 1. O 1. STRBO access, data write 
O 1. 1. O STRBO access, DMA write 
O 1. 1. 1. Reserved 
1. O O O STRB1 access, program 

read 
1. O O 1. STRB1 access, data read 
1. O 1. O STRB1 access, DMA read 
1. O 1. 1. STRB1 access, SIGI read 
1. 1. O O Reserved 
1. 1. O 1. STRB1 access, data write 
1. 1. 1. O STRB1 access, DMA write 
1. 1. 1. 1. Idle 

0117 Control signal LOCK in the logic “0” state signals 
an interlocked access is under way. If LOCK is a logic “1” 
State, an interlocked acceSS is not under way. 

0118. The memory map for the memory interface control 
registers is 000100000 for the global memory interface 
control register and 000100004 for the local memory inter 
face control register. Since both the global and local memory 
interfaces are functionally identical for purposes of this 
discussion, references to the global memory interface also 
applies to the local memory interface. The global memory 
interface control register has bits defined in terms of logic 
“O's and “1's that control the global memory interface. The 
memory control register defines the page sizes used for the 
two Strobes, when the Strobes are active, wait States, and 
other similar operations that define the character of the 
global memory interface. 

0119) The bit field definition of the global memory inter 
face control register is shown in FIG. 5e. Table 2.1 defines 
the register bits, the register bit names, and the register bit 
functions. The bit field definition of the local memory 
interface control register is shown in FIG. 5f. Register bit 
functions and locations are very Similar to global memory 
interface control register, thus Table 2.1 is adequate for 
describing the local memory interface control register. 

TABLE 2.1 

Bit Position BitDefinition 

O CEO Value of the external pin CEO . The value is 
not latched. 

1. CE1 Value of the external pin CE1 . The value is 
not latched. 

2 DE Value of the external pin DE . The value is 
not latched. 

3 AE Value of the external pin AE . The value is 
not latched. 

4-5 STREO Software wait state generation for STRBO 
SWW accesses. In conjunction with STRBO WTCNT, 

this field defines the mode of wait-state 
generation. 

6-7 STREB1 Software wait state generation for STRB1 
SWW accesses. In conjunction with STRB1 WTCNT, 

this field defines the mode of wait-state 
generation. 

8-1O STREO Software wait-state count for STRBO accesses. 
WTCNT This field specifies the number of cycles to 

use when software wait-states are active. The 
range is zero (STRBO WTCNT = 000) to seven 
(STRBO WTCNT = 111). 
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TABLE 2.1-continued 

Bit Position BitDefinition 

11-13 STRB1 

WCTNT 

Software wait-state count for STRB1 accesses. 

This field specifies the number of cycles to 
use when software wait-states are active. The 

range is zero (STRB1 WTCNT = 000) to seven 
(STRB1 WTCNT = 111) 

14-18 STRBO Page size for STRBO accesses. Specifies the 
PAGESIZE number of most significant bits (MSBs) of the 

address to be used to define the bank size for 

STRBO accesses. 

19-23 STREB1 Page size for STRB1 accesses. Specifies the 
PAGESIZE number of MSBs of the address to be used to 

define the bank size for STRB1 accesses. 

24-28 STRB Specifies the address ranges over which STRBO 
ACTIVE and STRB1 are active. 

29 STRE3 When STRB SWITCH is 1, a single cycle is 
SWITCH inserted between back to back reads 

which switch from STRBO to STRB1 

(or STRB1 to STRBO ). When STRB 
SWITCH is 0, no cycle is inserted 
between these back to back reads. 

30-31 Reserved Read as 0. 

0120 Table 2.2 illustrates the relationship between STRB 
ACTIVE and the address ranges over which STRB0 and 
STRB1 are active, and the size of the address range over 
which STRB0 is active. STRB ACTIVE field controls 
global peripheral port 24, and LSTRB ACTIVE field con 
trols local peripheral port 26. Table 2.3 illustrates the rela 
tionship between LSTRB ACTIVE and the address ranges 
over which LSTRB0 and LSTRB1 are active, and the size 
of the address range over which STRB0 is active. 

TABLE 2.2 

STRBO 
STRE active 
ACTIVE STRBO active address STRB1 active 
field address range range size address range 

11 Reserved Reserved Reserved 
1110 8OOOOOOO-FFFFFFFF 2 = 2G None 
110 80000000-BFFFFFFF 2 = 1G COOOOOOO-FFFFFFFF 
11OO 8OOOOOOO–9FFFFFFF 22 = 512M AOOOOOOO-FFFFFFFF 
1O 8OOOOOOO-8FFFFFFF 22 = 256M 90OOOOOO-FFFFFFFF 
1010 8OOOOOOO-87FFFFFF 227 = 128M 88OOOOOO-FFFFFFFF 
1OO 80000000-83FFFFFF 22 = 64M 84000000-FFFFFFFF 
1OOO 8OOOOOOO-81FFFFFF 22 = 32M 82OOOOOO-FFFFFFFF 
O1 8OOOOOOO-8OFFFFFF 22 = 16M 810OOOOO-FFFFFFFF 
O110 80000000-807FFFFF 2 = 8M 808OOOOO-FFFFFFFF 
O10 80000000-803FFFFF 2' = 4M 804OOOOO-FFFFFFFF 
O1OO 8OOOOOOO-8O1FFFFF 22 = 2M 8O2OOOOO-FFFFFFFF 
OO 8OOOOOOO-8OOFFFFF 22 = 1M 8O1OOOOO-FFFFFFFF 
OO1O 80000000-8007FFFF 2' = 512K 80080000-FFFFFFFF 
OOO 80000000–8003FFFF 2' = 256K 80040000-FFFFFFFF 
OOOO 8OOOOOOO-8OO1FFFF 27 = 128K 8OO2OOOO-FFFFFFFF 

O11 8OOOOOOO-8OOOFFFF 2 = 64K 8OO1OOOO-FFFFFFFF 
O1110- Reserved Reserved Reserved 
OOOOO 
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0121) 

TABLE 2.3 

LSTRBO 
LSTRB active 
ACTIVE LSTRBO active address LSTRB1 active 
field address range range size address range 

11 Reserved Reserved Reserved 
1110 OOOOOOOO-7FFFFFFF 2 = 2G None 
110 OOOOOOOO-3FFFFFFF 20 = 1G 4OOOOOOO-7FFFFFFF 
1100 OOOOOOOO-1FFFFFFF 22 = 512M 20OOOOOO-7FFFFFFF 
1O OOOOOOOO-OFFFFFFF 22 = 256M 10000000-7FFFFFFF 
1010 OOOOOOOO-07FFFFFF 27 = 128M 08000000-7FFFFFFF 
1OO OOOOOOOO-O3FFFFFF 22 = 64M O4OOOOOO-7FFFFFFF 
1OOO OOOOOOOO-O1FFFFFF 22 = 32M O2OOOOOO-7FFFFFFF 
O1 OOOOOOOO-OOFFFFFF 22 = 16M 01000000-7FFFFFFF 
O110 OOOOOOOO-007FFFFF 2 = 8M O08OOOOO-7FFFFFFF 
O10 OOOOOOOO-OO3FFFFF 222 = 4M OO4OOOOO-7FFFFFFF 
O1OO OOOOOOOO-OO1FFFFF 22 = 2M OO2OOOOO-7FFFFFFF 
OO OOOOOOOO-OOOFFFFF 22 = 1M OO1OOOOO-7FFFFFFF 
OO1O OOOOOOOO-0007FFFF 2' = 512K 00080000-7FFFFFFF 
OOO OOOOOOOO-OOO3FFFF 2 = 256K OOO4OOOO-7FFFFFFF 
OOOO OOOOOOOO-OOO1FFFF 27 = 128K OOO2OOOO-7FFFFFFF 

O11 OOOOOOOO-OOOOFFFF 2 = 64K OOO1OOOO-7FFFFFFF 
O1110- Reserved Reserved Reserved 
OOOOO 

0122 FIG.5g shows the effect of STRBACTIVE on the 
memory map of the global memory bus. Part (a) shows a 
condition with the STRB ACTIVE field=11110. In this 
configuration, STRB0 is active over the entire address 
range of the global memory bus. Part (b) shows a condition 
with the STRBACTIVE field=10101. In this configuration, 
STRB0 is active from address 80000000-803FFFFF and 
STRB1 is active form addresses 80400000-FFFFFFFF. 
0123 The distinction between global and local interface 
signals STRB0 and STRB1 is dropped except where it is 
needed for the sake of clarity. It should be noted that signal 
names shown in the Figures with suffix '-' are equivalent to 
corresponding signal names with suffix " "FIG. 6a shows 
that STRB transitions on the falling edge of H1. RDY is 
Sampled on the falling edge of H1. Other general guidelines 
that apply to FIGS. 6b to 6i aid in understanding the 
illustrated logical timing diagrams of the parallel external 
interfaces: 

0124) 1. Changes of R/W are framed by STRB 
0.125 2. A page boundary crossing for a particular 
STRB results in the corresponding PAGE Signal going high 
for one cycle. 

0126) 3. R/W transitions are made on an H1 rising. 
0127 4. STRB transitions are made on an H1 falling. 
0128) 5. RDY is sampled on an H1 falling. 
0129. 6. On a read, data is sampled on an H1 falling. 
0130 7. On a write, data is driven out on an H1 falling. 
(0131) 8. On a write, data is stopped being driven on H1 
rISIng. 

0132) 9. Following a read, the address, status and page 
Signal change on H1 falling. 

0.133 10. Following a write, the address, status, and page 
Signal change on H1 falling. 
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0.134 11. The fetch of an interrupt vector over an external 
interface is identified by the Status Signals for that interface 
(STAT or LSTAT) as a data read. 
0135 12. PAGE goes high, STRB goes high. 
0.136 FIG. 6b illustrates a read, read, write sequence. All 
three accesses are to the same page and are STRB1 
accesses. Back to back reads to the same page are single 
cycle accesses. When transition from a read to a write is 
done, STRB goes high for one cycle in order to frame the 
R/W signal changing. 

0137 FIG. 6c illustrates that STRB goes high between 
back to back writes and between a write and a read to frame 
the R/W transition. 
0.138 FIG. 6d illustrates that when going from one page 
to another on back to back reads, an extra cycle is inserted 
and the transition is signalled by PAGE going high form one 
cycle. Also, STRB1 goes high for one cycle. 
0139 FIG. 6e illustrates that on back to back writes and 
a page Switch occurs, an extra cycle is inserted and is 
signalled with PAGE high for one cycle. 
0140. Other combinations of write, read and page 
manipulations are shown in the following FIGS. 6f to 6i. 
0141 FIG. 6f illustrates a write same page followed by 
a read different page and a write different page Sequence. 
0.142 FIG. 6g illustrates a read different page followed 
by a read different page and a write same page. 
0.143 FIG. 6h illustrates a write different page followed 
by a write different page and a read Same page Sequence. 
014.4 FIG. 6i illustrates a read same page followed by a 
write different page and a read different page Sequence. 
0145 Peripheral port 25 is also similarly constructed as 
peripheral port 24, but is controlled by lines SELs inde 
pendently from peripheral port 24, So that communication at 
peripheral ports 24, 25 and 26 can occur Simultaneously and 
independently, so long as the buses 30, 34 and 38 used by the 
ports are not simultaneously used. Peripheral port 25 is 
primarily useful in communication with peripheral devices 
connected to peripheral buS 28. Accordingly, as shown in 
FIG. 5, peripheral port 25 contains multiplexers 105 and 
106 corresponding to like components in peripheral port 24. 

0146 A number of control lines are driven by buffers 104 
in peripheral port 25, also responsive to Signals generated by 
controller 14 (on lines which are not shown, for purposes of 
clarity). These control lines output by peripheral port 25 
include line R/W , the “” designation indicating active low, 
which specifies the direction of the flow of data through 
peripheral port 25. The control lines connected to peripheral 
port 25 further include line STRB (as in line R/W , the “ ” 
designation indicating active low) driven by buffers 104 
responsive to controller 14, which is a clock signal indicat 
ing to external memory that the set of address lines 30a, 30b, 
34a or 38a connected to lines A, as the case may be, are 
presenting a valid address signal to address memory. Line 
RDY is an input to microcomputer 10 from peripheral 
devices of peripheral bus 28. Line RDY is an input to 
microcomputer 10 and, when driven to its low logic State, 
indicates that a peripheral device of peripheral bus 28 
connected to data lines D, address lines A, and control 
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lines R/W and STRB has completed a communication 
cycle with microcomputer 10. Controller 14 responds to the 
RDY signal to cause peripheral port 25 to drive said lines 
to valid States other than that directed to the communication 
cycle which had ended with the RDY signal low. It should 
be noted that, because of the plurality of buses 30, 34, and 
38 connected to peripheral ports 24, 25 and 26, peripheral 
ports 24, 25 and 26 can be operating Simultaneously. 

0147 The preferred embodiment of microcomputer 10 as 
noted earlier utilizes a Single memory address Space for all 
of the memories 16, 18 and 20 and including the address of 
memory external to microcomputer 10 and accessible via 
peripheral ports 24, 25 and 26. Table 3 shows the memory 
map of microcomputer 10 according to the preferred 
embodiment of the instant invention. 

TABLE 3 

Address range (hexadecimal) Location/function 

000000000 through OOOOOOFFF ROM 20 
000100000 through 0001000FF I/O & other memory 

mapped registers 
RAM 16 
RAM 18 
External memory 

O002FF800 through O002FFBFF 
O002FFCOO through O002FFFFF 
000300000 through OFFFFFFFF 

0148 Referring now to FIG. 7a, the construction and 
operation of controller 14 is be described in detail. Control 
ler 14 Serves the purposes of controlling the operation of the 
rest of microcomputer 10, so that the desired operation 
Specified by the instruction codes is be properly executed. 

0149 Clock generator 200 in controller 14 is connected 
to terminals X1 and X2 and generates the internal clock 
Signals which are used in microcomputer 10, for example the 
system clock on line CLKIN. If a crystal is connected 
between terminals X1 and X2, clock generator 200 will, by 
way of an internal oscillator, generate the System clock 
Signal online CLKIN. Alternatively, an externally-generated 
clock can be applied to terminal X2, in which case the 
externally-generated clock signal will generate (Such as by 
a divide-by-n in clock generator 200, not shown) the system 
clock signal on line CLKIN. Clock generator 200 further 
generates clock signals Q1 and O2, which occur on the first 
and third quarter-cycles of the period of the clock signal on 
line CLKIN, however generated; clock signals Q1 and Q2 
are used by memory access arbitration logic 206 in control 
ler 14, as described below. Additionally, clock signals H1 
and H3 are generated and applied to the external terminals 
of the microcomputer 10. Clock signals H1 and H3 have 
periods equal to twice CLKIN. However generated, clock 
Signals H1 and H3 are used by the communication ports, the 
CPU and other internal devices, and externally connected 
devices. Relative to the fetching of instruction codes and the 
control of microcomputer 10 responsive to Such instruction 
codes, controller 14 contains program counter 92, instruc 
tion register 94, control logic 202, and program counter 
control logic 204. Program counter 92 is a thirty-two bit 
register, having an output connected to address lines 34a of 
program bus 34. The function of program counter 92 is to 
Store the memory address of the next instruction to be 
fetched, decoded, and executed by microcomputer 10. In an 
instruction fetch cycle (which occurs during one period of 
the clock signal H3, the contents of program counter 92 are 
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placed upon address lines 34a of program bus 34 and the one 
of memories 16, 18 or 20 (or external memory) containing 
the memory location corresponding to the address Signal 
presents the addressed contents onto data lines 34d of 
program bus 34, the contents of the memory location having 
the address contained in program counter 92 constitute the 
instruction code of the next instruction to be decoded. 
Instruction register 94 is a thirty-two bit register which is 
connected to data lines 34d of program bus 34, and which 
receives the contents of the contents of program counter 92 
during the fetch cycle. 
0150. During the decode cycle, occurring in the next 
period of the system clock signal on line H3 after the fetch 
cycle, the contents of instruction register 94 are decoded by 
control logic 202, to generate control Signals going from 
controller 14 to the functional circuits of microcomputer 10. 
To accomplish this, a first portion of control logic 202 
contains combinatorial logic for decoding the instruction 
code. Such combinatorial logic (shown as logic 202a in 
FIG. 4) can be realized in different well-known ways, such 
as a programmable logic array or a read-only memory. The 
thirty-two bit instruction code from instruction register 94 is 
thus decoded by combinatorial logic 202a into multiple 
output lines. Some of these lines are directly connected to 
functions outside of control logic 202, Such as to program 
counter control logic 204; other of these lines are input into 
sequential logic 202b within control logic 202. Sequential 
logic 202b is operative to control the various functions of 
microcomputer 10 So as to allow the reading of data oper 
ands from memory by CPU 12, and so as to control the 
execution of the data processing operations on Said operands 
by CPU 12. Sequential logic 202b accomplishes this, of 
course, by way of additional output lines emanating there 
from. The logic States of the output lines from control logic 
202, whether from combinatorial logic 202a or sequential 
logic 202b, are thus determined by the instruction code 
received by control logic 202 from instruction register 94. It 
should be noted that the drawing figures referred to herein do 
not show the connection of these control lines between 
controller 14 and Such functional circuitry for purposes of 
clarity. 

0151. It is therefore apparent that combinatorial logic 
202a in control logic 202 can be decoding an instruction 
code which was stored in instruction register 94 while 
controller 14 is causing the fetch of the following instruction 
from memory. In addition, Sequential logic 202b is operative 
to control the operand read for a given instruction Simulta 
neously with the control of the execution of a previously 
fetched instruction. Accordingly, control logic 202 can be 
controlling microcomputer 10 in Such a manner that portions 
of four different instruction codes may be carried out Simul 
taneously. Such “pipelining of the instruction codes will 
obviously reduce the time required to perform a given 
Sequence of instructions. 
0152 FIG.7b illustrates an example of how the pipeline 
is filled, and accordingly how the pipeline operates for a 
typical instruction. In the first cycle of the System clock 
Signal on line H3, instruction n is being fetched by controller 
14, for example from one of memories 16, 18 or 20. During 
the fetch cycle, however, program counter control logic 204 
has incremented the contents of program counter 92 to 
contain the memory location of the instruction code for 
instruction n+1. During the Second cycle of the System clock 
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signal on line CLKIN, the instruction code for instruction n 
is being decoded by control logic 202. Also during this 
Second cycle, the contents of program counter 92 are pre 
sented to address lines 34a of program bus 34, and the 
instruction code for instruction n+1 are fetched from pro 
gram memory and loaded into instruction register 94. 

0153. During the third system clock cycle shown in FIG. 
7b, sequential logic 202b is effecting a read from memory 
(e.g., RAM 16) of a data operand necessary for instruction 
n via data bus 30. In addition, since the instruction code for 
instruction n+1 has been fetched, the third cycle shown in 
FIG.7b illustrates that instruction n+1 is being decoded by 
combinatorial logic 202a of control logic 202. Simulta 
neously with the read cycle for instruction n, however, the 
fetch of the instruction code for instruction n+2 is being 
done, assuming there is no bus or memory conflict with the 
read cycle for instruction n. AS described above, generally 
the data operand is read by CPU 12 via data bus 30 while the 
instruction code is read via program buS 34, assuming that 
both reside in different memories 16, 18 or 20, or one 
residing in external memory, no bus conflict will occur. 

0154 During the fourth cycle of the system clock, 
instruction n will be executed under the control of Sequential 
logic 202b in control logic 202, the read operation for 
instruction n+1 will be effected by sequential logic 202b, the 
instruction code for instruction n+2 will be decoded, and the 
instruction code for instruction n+3 will be fetched. Accord 
ingly, the pipeline for microcomputer 10 will be filled, and 
the performance of a Sequence of instructions will be 
optimal, Subject to bus conflicts and to memory acceSS 
conflicts which may, for certain instruction combinations, 
cause a wait cycle for one of the operations. 

0155 Data lines 30d of data bus 30 are received by 
controller 14, for control of the program flow in other than 
incremental fashion, Such as a branch instruction, requiring 
that program counter 92 be loaded by CPU 12 or from 
memory. For example, in the event of an unconditional 
branch, the value of an operand contained in the instruction 
code, read from memory, or read from a register in CPU 12 
may contain the address of the memory location containing 
the next instruction code to be executed. Program counter 
control logic 204 will then receive the value presented upon 
data lines 30d, and load program counter 92 accordingly, So 
that program control can pass to the desired location. 

0156. As illustrated in FIG. 7a, program counter control 
logic 204 contains an adder 203 which receives the contents 
of program counter 92. Control logic 202 (preferably com 
binatorial logic 202a therein), controls adder 203 so that 
generation of the contents of program counter 92 for the next 
cycle may be performed in a variety of manners. AS 
explained above, adder 203 may merely increment the prior 
contents of program counter 92, to Step through the instruc 
tion Sequence. However, program counter control logic 204 
further contains an register 205, which can receive a value 
from data lines 30d of data bus 30. Program counter control 
logic 204 can thus calculate the contents of program counter 
92 in various ways. For example, branching to a relative 
address (relative to program counter 92) may occur by way 
of loading register 205 with a value presented on data lines 
30d of data bus 30; this value could then be added to the 
prior contents of program counter 92 to generate a new value 
for program counter, 92. In addition, an absolute branch may 
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be effected by loading register 205 with the desired memory 
address from data lines 30d of data bus 30, and by control 
logic 202 causing adder 203 to perform a “Zero-add” with 
the contents of register 205 for application to program 
COunter. 

0157. It should be further noted that microcomputer 10 is 
capable of performing a “delayed branch instruction, So 
that the branch instruction is fetched three instructions 
before it is actually to occur. The delayed branch instruction, 
when executed, loads register 205 with the destination 
memory address of the branch as in a direct branch. How 
ever, control logic 202 will continue to increment the 
contents of program counter 92 for the next three instruc 
tions following the execution of delayed branch instruction. 
Upon the third instruction, adder 203 will apply the contents 
of register 205 to program counter 92, thereby effecting the 
branch while continuing to take advantage of the pipeline 
Scheme. The pipeline may, of course, remain full after the 
branch, as the destination location may continue to be 
incremented as before by adder 203. 
0158 Trap routines are supported in the preferred 
embodiment. Referring to FIG. 8a, trap instructions differ 
from branch instructions Such that trap instructions entail 
indirect addressing to arrive at the trap routine address while 
branch instructions entail relative addressing (which is less 
involved) to arrive at the branch address. As a result, the 
throughput of a pipeline machine Suffers from the indirec 
tion that occurs when arriving at the trap routine address, 
because to execute a trap Sequence, no instructions are 
fetched for the next three stages after a trap fetch. The 
address for the trap routine has not been determined. Con 
Sequently, the pipeline is flushed whenever a trap instruction 
is executed. It should be noted that often when invoking a 
trap routine, it is advantageous to disable interrupts and 
freeze cache memory. The inherent nature of trap routines in 
many circumstances is incompatible with interrupts and 
cache memory and improvements remedy Such problems 
herein. 

0159. A delayed trap instruction (LAT) incorporated in 
the preferred embodiment remedies the undesirable effects 
of executing a trap routine. The LAT instruction is fetched 
three cycles before the trap instruction is executed. FIG. 8b 
shows the Sequence of events in relation to System cycle 
clock cycles of microcomputer 10. During System cycle 
clock cycle 610 the LAT instruction is fetched from program 
memory. Decode cycle 620 decodes the LAT instruction. 
Instructions are being fetched while the LAT instruction is 
executing thus maintaining the data flow from the pipeline. 
During the third system cycle clock cycle 630, the address 
of the first instruction of the trap routine is fetched from 
memory. The memory can be any one of the memories 
discussed herein. Clock cycle 640 saves the contents of the 
program counter (INS+4 representing the next instruction) 
to register PC+4 and loads the fetched trap address into 
program counter. Thus, during the next System cycle clock 
cycle, the first instruction of the trap routine is fetched from 
the memory. Using the LAT instruction one System cycle 
clock cycle is used to initiate the trap Sequence, thus 
maintaining a constant data flow from the pipeline. The 
program counter value representing the next instruction is 
stored before loading the address of the first instruction of 
the trap routine thus ensuring program execution to resume 
at the point prior to executing the trap routine. 
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0160 FIG. 8c shows a trap vector table which contains 
trap addresses (TA) that corresponds to locations for the first 
instruction of trap routines. The trap address is the Sum of 
the trap vector table pointer (TVTP) and trap number N 
(TN). The summing of the TVTP and TN occurs during 
system cycle clock cycle 620. Control logic 202 decodes the 
LAT instruction fetched during system cycle clock cycle 610 
and instructs adder 209 to sum operands TVTP and TN 
during System cycle clock cycle 620. 
0.161 For example, shown in FIG. 7a is trap address 
logic 208 containing trap vector table pointer register 207, 
adder 209, program counter+4 (PC+4) register 210. During 
system cycle clock cycle 620 (after fetching the LAT instruc 
tion, control logic 202 decodes the LAT instruction. Trap 
number (TN) which specifies a particular trap routine is 
extracted from the LAT instruction by decoder 202a and 
combined with trap vector table pointer (TVTP) register 207 
using adder 209. The result is a trap address (TA) specifying 
a location in memory that contains the trap vector which is 
the address of the first instruction for the trap routine to be 
executed. The contents of the TVTP register 207 can be 
altered thus offering even more flexibility in placing trap 
routines within the memory map of microcomputer 10. 
During the third cycle of the System clock after fetching the 
LAT instruction, the trap address is sent to memory via bus 
30a to access the trap vector that is received on bus 30d. 
Access to memory is in accordance to above herein 
described technique. On the fourth cycle of the system 
clock, the current contents of program counter register 92 is 
transferred to PC+4 register 210 and the trap vector is 
transferred to program counter 92. Thus, program counter 
register 92 contains the first instruction of the trap routine, 
and the previous contents of the program counter register 92 
are stored in PC+4 register 210. When the trap routine is 
complete, the contents of PC+4 are transferred back to 
program counter register 92 and program execution resumes 
at the point where the trap routine interrupted. Advanta 
geously, the trap routine interrupts program execution using 
only one System cycle clock cycle and continues to take 
advantage of the pipelining Scheme by keeping the pipeline 
full while indirection of program execution is occurring. 
0162 FIG. 8d shows the flow chart of the steps used in 
the execution of the link and trap (LAT) instruction incor 
porated in the preferred embodiment of microcomputer 10 
where if condition 171, if not satisfied the normal operation 
continues and if the condition 171, is satisfied, then interrupt 
and cache Status 172, is Saved by freezing the cache and 
disabling the interrupt 173. Program counter of LAT plus 
Nth instruction 174 is saved after which the program counter 
is loaded 175 with the trap vector containing the address of 
the first instruction of the trap routine. The LAT trap routine 
is then executed 176. After execution of the trap routine, the 
interrupt and cache Status are restored whereby the cache is 
no longer frozen (assuming it was not frozen before the 
LAT) and the interrupt vector is no longer disabled (assum 
ing it was not disabled before LAT) 177. Upon successful 
completion of these Steps, the normal operation continues as 
if the condition had never been satisfied 178. 

0163 U.S. patent application Ser. No. 347,967 TI Docket 
14145 gives more details about the operation of conditional 
instructions which is incorporated herein by reference. 
0164. A repeat block delayed instruction (RPTBD) is 
incorporated in the preferred embodiment. Advantages of 
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the RPTBD instruction are substantially the same as the 
delayed branch and trap instructions: Single System clock 
cycle execution and maintaining throughput by not flushing 
the pipeline. A distinct instruction called a repeat block 
instruction (RPTB) (without delay) is also implmented and 
allows a block of instructions to be repeated a number of 
times without penalty for looping; however, in RPTB the 
pipeline is flushed while the values of repeat start (RS) and 
repeat end (RE) registers contained in block repeat register 
164 are being determined. It should be noted that the repeat 
count (RC) register (contained in block repeat register 164) 
is loaded before executing the RPTB instruction. 

0.165. The repeat block delayed instruction (RPTBD) 
compared to RPTB advantageously further fetches the next 
three instructions before the rest of the RPTBD instruction 
is executed. FIG. 8e shows the sequence of events in 
relation to the System cycle clock cycles of microcomputer 
10. During system cycle clock cycle 650, the RPTBD 
instruction is fetched from program memory. Decode cycle 
660 decodes the RPTBD instruction. Instructions are con 
tinually fetched while the RPTBD instruction is cycled 
through the pipeline. During the third System cycle clock 
cycle 670, the decoded RPTBD instruction containing data 
that is used to determine the repeat end (RE) address for the 
block of instructions is sent to CPU 12. Clock cycle 680 
causes CPU 12 to calculate the repeat end (RE) address. 
During clock cycle 690 the program counter (PC) is loaded 
into repeat Start (RS) register 223 signaling the start of 
RPTBD instruction; thus, the first instruction of the repeat 
block is fetched from the memory. The block of instructions 
is repeated until the number in the repeat count (RC) register 
is reached. Program execution continues. The pipeline is not 
flushed because the RPTBD instruction is fetched three 
System cycle clock cycles before executing the repeat block 
delay (RPTBD) instruction. A constant data flow from the 
pipeline is maintained. 

0166 For example, shown in FIG. 8f is repeat block 
delay logic 220 located in CPU 12. Contained within repeat 
block delay logic are repeat block register 164. It should be 
noted that repeat count (RC) register is loaded with a proper 
value. An RPTBD instruction is loaded into instruction 
register 94 and is decoded. Data and control Signals are Sent 
to CPU 12 along with program counter 92 (PC) where the 
data and PC are combined and stored in repeat end (RE) 
register 222. A signal on line STORE from controller 14 
places the contents of PC (92) to repeat start (RS) register 
223 via repeat start (RS). Each time the program counter 
(PC) is incremented during the execution of the block of 
instructions, comparator 224 compares the value of the PC 
with RE to determine whether PC equals the RE value. If 
not, then PC via program bus 34a fetches the next instruc 
tion. If PC equals RE, then comparator 224 checks if the 
Zero flag is set by the repeat count (RC) register 221 via 
Signal ZERO Signaling a Zero count. If not, comparator 224 
decrements RC by 1 via signal DECR and a signal LOAD 
is sent to RS register 223 loading the contents to PC register 
92. Thus, the contents of PC register 92 fetch the first 
instruction of the repeat block. The repeat block is repeated 
until the Zero flag is Set Signaling the number of repetitions 
is complete. Then, PC is not loaded with the value in RS 
register 223, and PC is incremented past the RE value. 
Program execution continues. 
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0167 FIG. 8g. is a flow chart of the steps involved in 
implementing the RPTBD instruction. Operations com 
mence with fetching of the RPTBD instruction in start block 
225. Then step 226 decodes the RPTBD instruction. Next 
step 227 calculates repeat end (RE). Then step 228 stores the 
value RE to the RE register and PC is stored to RS register. 
Step 229 begins execution of the block of instructions. Next 
step 230 executes an instruction. Test step 231 determines 
whether PC equals RE. If not, branch to step 231a to 
increment the PC and return to step 230 to execute another 
instruction. Otherwise (if So) then operations proceed to test 
step 232 to determine whether RC=0. If not, then operations 
branch to step 232a decrementing RC by 1 and to step 232b 
loading RS to PC before returning to execute the repeat 
block. Otherwise (if RC=0), then operations proceed to step 
233 whereupon PC is incremented to RE plus 1 completing 
the repeat block delay instruction, and program execution 
continues. 

0168 Controller 14 further includes interrupt logic 250, 
which is connected to a plurality of external terminals of 
microcomputer 10, to controller 14, and to various of the 
functions within microcomputer 10. Interrupt logic 250 
Serves the purpose of receiving interrupt Signals presented to 
microcomputer 10 on the RESET terminal and on terminals 
INTO through INT3, and receiving interrupt signals gener 
ated internally to microcomputer 10 from various functions 
Such as DMA coprocessor 22. An example of Such an 
internal interrupt signal is shown in FIG. 10 by line 312, 
which is an interrupt signal from DMA coprocessor 22. 
Contained within CPU 12 as a control register is an interrupt 
enable register, the contents of which specify whether each 
of the interrupt Signals is enabled or disabled. Responsive to 
the receipt of an enabled interrupt Signal, either from ter 
minals INTO through INT3 or from internal to microcom 
puter 10, and if controller 14 indicates that an access to an 
input/output memory location is not current, interrupt logic 
250 will cause program counter 92 to be loaded with a 
memory address corresponding to the particular interrupt 
Signal (the “interrupt vector”), and the execution of the 
program will continue from the interrupt vector location 
forward. Responsive to an instruction code generally 
included in the interrupt handling routine called by the 
interrupt vector, interrupt logic 250 generates interrupt 
acknowledge Signals on line INTA for external interrupts 
and, for example, online 314 for the internal interrupt signal 
for DMA controller 22. Controller 14 causes the prior 
contents of program counter 92 to be Stored in a predeter 
mined memory location (generally called a "stack”), So that 
the location of the instruction code which would have been 
fetched next will be reloaded after the interrupt has been 
Serviced. 

01.69 External memory devices connected to peripheral 
port 25, for example, can be used to Store the instruction 
codes for the program being executed by microcomputer 10. 
However, the access time of the external memory may be 
sufficiently slower than that of memories 16, 18 and 20 so 
that controller 14 would have to wait a full system clock 
period after presenting the contents of program counter 92 
on address lines 34a of program bus 34, before the instruc 
tion code would be presented by the external memory onto 
data lines 34d of program bus 34 for receipt by instruction 
register 94. For any given instruction being executed, often 
the next instruction code to be executed is located in a 
memory location in program memory which has an address 
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close to the address of the given instruction. Such proximity 
in program memory of the next instruction code occurs 
especially often in digital Signal processing applications, 
because of the repetitive nature of the calculations therein. 
A instruction cache memory 36 as shown in FIG. 1 is one 
way to take advantage of this repetitive nature. 

0170 Instruction cache 36, as described above relative to 
FIG. 1, is connected to address lines 34a and data lines 34d 
of program bus 34. As shown in FIG. 9, instruction cache 36 
contains 128-word memory 140 which is organized into four 
32-word segments 140a, 140b, 140c and 140d. Instruction 
cache 36 further contains Segment start registers 144a, 144b, 
144c, and 144d each of which stores a predetermined 
number of the most significant bits of the addresses for the 
instruction codes Stored in the respective Segments 140a, 
140b, 140c, and 140d. In the preferred embodiment of the 
invention, Since the address Signal is thirty-two bits wide, 
and because each of segments 140a, 140b, 140c and 140d 
contain thirty-two (25) bits, the number of bits stored by 
segment start registers 144a, 144b, 144c and 144d is twenty 
seven. Associated with each of the thirty-two words stored 
in each of segments 140a, 140b, 140c and 140d is a flag bit 
142 for indicating the presence of the instruction code within 
the corresponding word when Set, and for indicating the 
absence of an instruction code there within when not Set. 
MSB comparator 146 is connected to address lines 34a, for 
comparing the twenty-Seven most significant bits on address 
lines 34a with the contents of the Segment registers 144a, 
144b, 144c, and 144d. LSB decoder 148 is also connected to 
address lines 34a and, as will be discussed below, is for 
decoding the five least Significant bits of the address lines 
34a. Input/output buffer 150 is connected between data lines 
34d and segments 140a, 140b, 140c and 140d, for control 
ling the output of instruction cache 36 to program bus 34. 
Instruction cache 36 further contains least-recently-used 
(LRU) stack 152 which points to segment registers 144a, 
144b, 144c and 144d corresponding to the order in which 
they were most recently used. 

0171 In operation during a fetch cycle, where the 
memory address of the instruction code to be fetched does 
not reside in RAMs 16 or 18, or in ROM 20, but in external 
memory, MSB comparator 146 receives the twenty-seven 
most significant bits of the address Signal on address lines 
34a of program bus 34, and compares them to the contents 
of segment registers 144a, 144b, 144c and 144d. In the event 
that a match is found, LSB decoder 148 then decodes the five 
least significant bits of the address Signal on address lines 
34a, to Select the one of flag bits 142 corresponding to the 
one of thirty-two words within either segment 140a, 140b, 
140c or 140d of the full address signal on address lines 34a. 
If the corresponding flag bit 142 is Set, input/output buffer 
150 will present the contents of the corresponding word 
within the matched segment 140a, 140b, 140c or 140d onto 
data lines 34d of program bus 34, and the access of the 
instruction code Stored in instruction cache 36 is completed. 
In addition, the segment register 144a, 144b, 140c or 140d 
which was matched is pointed to by the top of LRU stack 
152, and the non-matching Segment register 144a, 144b, 
144c or 144d is pointed to by the bottom of LRU stack 152. 
The segment pointed to by the bottom of LRU stack 152 is 
the least recently used one of segments 140a, 140b, 140c and 
140d, and will be the segment which is replaced in the event 
of a cache “miss”, as will be explained below. 
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0172 In some applications, some of the words in seg 
ments 140a, 140b, 140c and 140d may not be loaded with 
instruction codes. Therefore, the possibility arises that the 
twenty-Seven most significant bits on address lines 34a of 
program bus 34 will match the contents of one of Segment 
registers 144a, 144b, 144c and 144d, but the word within the 
matching one of segments 140a, 140b, 140c or 140d corre 
sponding to the five least Significant bits will not contain an 
instruction code. In this event, the flag bit 142 for the 
corresponding word is not set (i.e., contains a “0” logic 
State). This is a cache “miss”, and the instruction code for the 
corresponding address must be read from the addressed 
memory location in external memory; input/output buffer 
150 will load the instruction code from data lines 34d of 
program buS 34 into the corresponding word within the 
matched segment 140a, 140b, 140c or 140d, with the 
corresponding flag bit 142 being Set to a “1” logic State. 
However, Since the most significant bits matched one of 
segment registers 144a, 144b, 144c and 144d, the matching 
one of segment registers 144a, 144b, 144c or 144d will be 
pointed to by the top of LRU stack 152, and the other one 
of segment registers 144a, 144b, 144c and 144d will be 
pointed to by the bottom of LRU stack 152. 
0173. In the event that the nineteen most significant bits 
on address lines 34a of program bus 34 match the contents 
of neither one of segment registers 144a, 144b, 144c or 
144d, a cache “miss” also occurs. In this event, flag bits 142 
will be reset for all words in the one of segments 140a, 140b, 
140c or 140d which corresponds to the least recently used 
one of segments 140a, 140b, 140c and 140d, which is 
pointed to by the bottom of LRU stack 152. The twenty 
seven most significant bits on address lines 34a will then be 
stored into the segment register 144a, 144b, 144c or 144d, 
for the least recently used one of segments 140a, 140b, 140c 
or 140d, and the instruction code received from external 
memory on data lines 34d will be loaded into the corre 
sponding one of the thirty two words in the “new” segment 
corresponding to the five least Significant bits on address 
lines 34a, and its flag bit 142 will be set to a “1” state. The 
one of segment registers 140a, 140b, 140c or 140d contain 
ing the newly loaded instruction code will be pointed to by 
the top of LRU stack 152, with the other segment register 
140a, 140b, 140c or 140d pointed to by the bottom of LRU 
Stack 152. 

0174) A status register is contained in CPU 12 (not 
shown). Three bits are contained within the status register 
which control the operation of instruction cache in a manner 
apart from that described above. A first bit is the cache clear 
bit which, when set, resets all of flag bits 142, in effecting 
clearing the contents of instruction cache 36. A Second Such 
control bit in the Status register is the cache enable bit which, 
when Set, enables operation of instruction cache 36, con 
versely, when the cache enable bit is not Set, instruction 
cache 36 is disabled to the extent that it is in no way 
accessed, regardless of the address value on address lines 
34a. During such time that the cache enable bit is not set, the 
contents of segment registers 144a, 144b, 144c and 144d, 
flag bits 142, and the words within segments 140a, 140b, 
140c and 140d themselves, are not alterable. The third Such 
bit within the status register is the cache freeze bit. When the 
cache freeze bit is Set, only fetches from instruction cache 36 
are allowed in the event of cache “hits”. In the event of a 
cache “miss”, however, no modification of flag bits 142, 
segment registers 144a, 144b, 144c and 144d, or LRU stack 
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152 is performed; the instruction code fetch is merely 
performed from external memory without affecting instruc 
tion cache 36. 

0175 Referring now to FIGS. 1 and 10, the construction 
and operation of DMA coprocessor 22 will be described. 
Direct memory access operations are useful in moving 
blocks of Stored data from one memory area to another 
without intervention of the central processing unit (e.g., 
CPU 12). For microcomputer 10 described herein, direct 
memory acceSS is also useful for moving blocks of data 
between external memory and on-chip memories 16 and 18. 
As shown in FIGS. 1 and 8, DMA communications of data 
occur on DMA bus 38 and receipt of control and source/ 
destination address information occur from peripheral bus 
28. 

0176). It should be noted that peripheral bus 28 contains 
address lines 28a and data lines 28d, which carry address 
information and data, respectively, in the same manner as 
data bus 30, program bus 34, and DMA bus 38 discussed 
heretofore. Referring back to FIG. 1, it is apparent that 
address lines 28a and data lines 28d of peripheral bus 28 are 
directly connected, and therefore correspond, to the lines 
I/OAn and I/ODn, respectively, at the output of peripheral 
port 25. Accordingly, in order to present an address, or 
communicate data from or to, peripheral buS 28, the desired 
address is made to correspond to a value within an address 
Space Serviced by peripheral port 25. The memory-mapped 
registers within DMA coprocessor which are described 
below are therefore within the memory address Space 
0001000A0, through 0001000FF, 
0177 For purposes of clarity, the DMA coprocessor 22 
shown in FIG. 10 shows in detail only one DMA channel 21. 
It should be noted that five additional DMA channels similar 
to DMA channel 21 are also incorporated in DMA copro 
cessor 22 of the preferred embodiment. DMA channel 21 has 
Some registers that have a corresponding auxiliary register. 
Those auxiliary registers are used during Split-mode opera 
tion that Splits one DMA channel to have Separate Source and 
destination paths that bound one half to the input FIFO and 
the other half to the output FIFO of a communication port. 
The channel utilizing the non-auxiliary registers is called the 
primary, and the channel utilizing the auxiliary registers for 
DMA transfers is called the auxiliary channel. Thus, the 
functions of the auxiliary registers are Similar to their 
non-auxiliary counterparts. Auxiliary registers are used dur 
ing Split-mode operation and not used during unified mode. 
A detailed description of the Split-mode operation will be 
described herein below. 

0178 DMA channel 21 contains control register 300, 
transfer counter register 301, auxiliary count register 302, 
destination address register 303, destination indeX register 
304, source address register 305, source index register 306, 
link pointer register 307 and auxiliary pointer 308, each of 
which are connected to address lines 28a and data lines 28d 
of peripheral bus 28 and each of which are mapped into 
corresponding address locations of the memory address 
space of microcomputer 10. DMA channel 21 further con 
tains data register 309, which is connected to data lines 38d 
of DMA bus 38. Address lines 38a of DMA bus are 
connected to destination address register 303, Source address 
register 305, link pointer register 307 and auxiliary pointer 
308. Control logic 310 is connected to control register 300 
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So that the contents of the bits therein will effect the control 
of DMA channel 21. Control logic 310 generates a signal to 
transfer counter register 301 and auxiliary count register 302 
on line DECR and DECRX respectively and receives a 
Signal from transfer counter 301 and auxiliary count register 
302 on line ZERO and ZEROX respectively. Control logic 
310 provides a LOAD signal to destination address register 
303 and source address register 305; control logic 310 
further provides signals to data register 309 on lines WRITE 
and STORE. To effect the desired memory read/write opera 
tions, control logic 310 generates read/write Signals which 
are connected to controller 14, So that controller 14 can 
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generate Such control signals to memories 16, 18 and 20, and 
to peripheral ports 24, 25 and 26, as discussed above relative 
to memory acceSS control by controller 14. 

0179 Control register 300 is a thirty-two bit addressable 
register which is written to in order to configure DMA 
channel 21. The DMA channel 21 is very flexible as evident 
from the multitude of different control variations config 
urable by Setting the bits in the various positions of control 
register 300 to either a logic “1” or “0” state. Each of the 
thirty-two control bits in the control register 300 are 
described in detail in Table 4. 

TABLE 4 

DMA Channel Control Register 

BitDefinition 

DMA PRIority. Defines the arbitration rules to be 
used when a DMA channel and the CPU are requesting 
the same resource. Affects unified mode and the 
primary channel in split mode. 
Defines the transfer mode used by the DMA channel. 
Affects unified mode and the primary channel in 
split mode. 
Defines the transfer mode used by DMA channel. 
Affects the auxiliary channel in split mode 
only. 
Determines the mode of 
used when performing data transfers. Affects unified 
mode and the primary channel in split mode. 
If a DMA channel is interrupt driven for both 
reads and writes, and the interrupt for the write 
comes before the interrupt for the read, the 
interrupt for the write is latched by the DMA 
channel. After the read is complete, the write will 
be able to be done. 
If AUTO INIT STATIC = 0, the link pointer is 
incremented during autoinitialization. If AUTO 
INIT STATIC = 1, the link pointer is not incremented 
(it is static) during autoinitialization. Affects 
unified mode and the primary channel in split mode. 

synchronization to be 

AUX AUTO 
INIT 
STATIC 

AUTOINT 
SYNCH 

AUX 
AUTOINT 
SYNCH 

READ BIT 
REV 

If AUTO INIT STATIC = 0, the 
incremented during autoinitializa 

ink pointer is 
on. If AUTO INT 

STATIC = 1, the link point is no 
static) during autoinitialization. 
auxiliary channel in split mode 

incremented (it is 
Affects the 
only. 

It is useful to keep the link pointer constant when 
autoinitializing from the on-chip com ports of other 
stream oriented devices such a FIFOs. 
If AUTO INIT, SYNCH = Othe 
by the DMA interrupt enable re 
for DMA reads is ignored and t 
reads are not synchronized with 

in the interrupt enabled 
gister in the CPU used 
he autointialization 
any interrupt 

signals. If AUTO INIT SYNCH = 1, then the 
interrupt enabled by the DMA i interrupt enable 
register in the CPU used for DMA reads is also 
used to synchronize the autoini 
reads. Affects unified mode and 
channel in split mode. 

ialization 
the primary 

Affects split mode only. If AUX AUTOINIT SYNCH = 0 
then the interrupt enabled by the DMA interrupt 
enable register in the CPU used 
ignored and the autoinitializatio 
synchronized with any interrup 
AUTOINIT SYNCH = 1, then 
the DMA interrupt enable regis 

for DMA reads is 
in reads are not 
signals. If 
he interrupt enabled by 
er in the CPU used 

for DMA reads is also used to synchronize the 
autoinitialization reads. Affects 
channel in split mode only. 

he auxiliary 

If READ BIT REV = 0, then the source address is 
modified using 32-bit linear add ressing. If READ 
BIT REV = 1, then the source address is modified 
using 24-bit bit-reversed addressing. Affects 
unified mode and the primary c hannel in split mode. 
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13 

14 

15-17 

18 

19 

21 

Bit Position 

WRITE BIT 
REV 

SPLIT 
MODE 

COM 
PORT 

TCC 

AUXTCC 

TCINT 
FLAG 

AUX 
TCINT 
FLAG 

16 

TABLE 4-continued 

DMA Channel Control Register 

BitDefinition 

If WRITE BIT REV = 0, then the source address is 
modified using 32-bit linear addressing. If WRITE 
BIT REV = 1, then the source address is modified 
using 24-bit bit-reversed addressing. Affects 
unified mode and the auxiliary channel in split 
mode. 
Controls the DMA mode of operation. If SPLIT 
MODE = 0, then DMA transfers are memory to memory. 
This is referred to as unified mode. If SPLIT MODE = 1, 
the DMA is split into two channels allowing a 
single DMA channel to perform memory to 
communication port and communication port to memory 
transfers. May be modified by autoinitialization in 
unified mode or by autoinitialization by the 
auxiliary channel in split mode. 
Defines a communication port to be used for DMA 
transfers. If SPLIT MODE = 0, then COM PORT has 
no affect on the operation of the DMA channel. If 
SPLIT MODE = 1, then COMPORT defines which of the 
six communication ports to use with the DMA channel. 
May be modified by autoinitialization in unified 
mode or by autoinitialization by the auxiliary 
channel in split mode. 
Transfer counter interrupt control. If TCC = 1, a 
DMA channel interrupt pulse is sent to the CPU after 
the transfer counter makes a transition to Zero and 
the write of the last transfer is complete. If TCC = 0, 
a DMA channel interrupt pulse is not sent to 
the CPU when the transfer counter makes a transition 
to Zero. 

Affects unified mode and the primary channel in 
split mode. DMA channel interrupts to the CPU are 
edge triggered. 
Auxiliary transfer counter interrupt control. If 
AUX TCC = 1, a DMA channel interrupt pulse is sent 
to the CPU after the auxiliary transfer counter 
makes a transition to Zero and the write of the last 
transfer is complete. If AUX TCC = 0, a DMA channel 
interrupt pulse is not sent to the CPU when the 
auxiliary transfer counter makes a transition to 
Zero. Affects the auxiliary channel in split mode 
only. 
The DMA channel interrupts pulse is sent if TCC = 1 
and the transfer counter is 0 and the write of the 
last transfer is complete or if AUX TCC = 1 and the 
transfer counter is 0 and the write of the last 
transfer is complete. 
Transfer counter interrupt flag. This flag is set 
to 1 whenever a DMA channel interrupt pulse is sent 
to the CPU due to a transfer counter transition to 
Zero and the write of the last transfer completing. 
Whenever the DMA control register is read this flag 
is cleared unless the flag is being set by the DMA 
in the same cycle as the read. In this case TCINT 
is not cleared. Affected by unified mode and the 
primary channel in split mode. 
Auxiliary transfer counter interrupt flag. This 
flag is set to 1 whenever a DMA channel interrupt 
pulse is sent to the CPU due to an auxiliary 
transfer counter transition to Zero and the write of 
the last transfer completing. Whenever the DMA 
control register is read, this flag is cleared 
unless the flag is being set by the DMA in the same 
cycle as the read. In this case AUX TCINT is not 
cleared. 
Affected by the auxiliary channel in split mode 
only. 
Since only one DMA channel interrupt is available 
for a DMA channel, you can determine what event set 
the interrupt by examining TCINT FLAG and AUX TCINT 
FLAG. 
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Bit Position 

17 

TABLE 4-continued 

DMA Channel Control Register 

BitDefinition 

22-23 START Starts and stops the DMA channel in several 
different ways. Affects unified mode and the 
primary channel in split mode. 

24-25 AUX Starts and stops the DMA channel in several 
START different ways. Affects the auxiliary channel in 

split mode only. 
The START and AUX START bits, if used to hold a 
channel in the middle of an autoinitialization 
sequence, will hold the autoinitialization sequence. 
If the START or AUX START bits are being modified by 
the DMA channel (for example, to force a halt code 
of 10 on a transfer counter terminated block 
transfer) and a write is being performed by an 
external source to the DMA channel control register, 
the internal modification of the START or AUX START 
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bits by the DMA channel has priority. 
26-27 STATUS Indicates the status of the DMA channel. Updated in 

unified mode and by the primary channel in split 
mode. Updates are done every cycle. 

28-29 AUX Indicates the status of the DMA channel. 
STATUS Updated by the auxiliary channel in split mode 

only. In split-mode, updates are done every 
cycle. 
The STATUS and AUX STATUS bits are used to determine the 
current status of the DMA channels and to 
determine if the DMA channel has halted or been reset 
after writing to the START or AUX START bits. 

30-31 Reserved Read as 0. 

0180 Source address generator 320 calculates a source 
address by adding the contents of Source address register 
305 with the contents of the corresponding source index 
register 306 with the result stored in source address register 
305 whereby source address register 305 contains the source 
address for the data to be transferred from. Likewise, des 
tination address generator 330 calculates a destination 
address by adding the contents of destination address reg 
ister 303 with the contents of the corresponding destination 
index register 304 with the results stored in destination 
address register 303 whereby destination address register 
303 contains the destination address for the data to be 
transferred to. Depending upon the logic State of bit 12 
(READ BITREV) and of bit 13 (WRITE BITREV) in 
control register 300, the source and destination address 
generators, respectively can perform either linear (normal 
addition) or bit reversed (reverse carry propagation) addi 
tion. The source index register 306 and the destination 
Source indeX register 304 are signed values thus when 
combined respectively with the source address register 305 
and destination address register 306, addresses may be 
incremented or decremented for DMA accesses. Data reg 
ister 309 is a temporary register for buffering data from and 
to data lines 38d of DMA bus 38; the value of data line 38d 
is loaded into data register 309 responsive to a Signal on line 
WRITE, and the contents of data register 309 are presented 
to data line 38d responsive to a signal on line STORE. 

0181 Control logic 310 is further connected to controller 
14, so that the operation of DMA channel 21 is controlled 
consistently with the operation of the rest of microcomputer 
10. As will be evident below, the DMA can be interrupt 
Synchronized, So that the receipt or transmission of data 
from external Sources can be done without conflict among 

CPU 12, DMA coprocessor 22, and the external source. 
START bit 300a of control register 300 enables and disables 
the operation of DMA channel 21, while AUX START bit 
300b of control register 300 enables and disables the split 
mode operation of DMA coprocessor. A logic “1” state in the 
corresponding bit position enables operation and a logic “0” 
state disables operation. TCC bit 300c of control register 300 
controls ready logic 310 so that, when TCC bit 300c is set 
to a “1” state, the DMA transfer is terminated upon transfer 
counter register 301 reaching Zero. AUX TCC bit 300d of 
control register 300 controls ready logic 310 the same way 
as the TCC bit 300c except that the DMA transfer is 
terminated upon auxiliary count register 302 reaching Zero. 
Sync bits 300e and 300f allow configuration of the synchro 
nization of DMA channel 21 with either the Source or 
destination of the transferred data. TCINT bit 300g, when set 
to a “1” state, creates an internal interrupt when the contents 
of transfer counter register 301 reach zero. Control logic 310 
is connected to controller 14 to generate an internal interrupt 
Signal on line 312, and to respond to the interrupt acknowl 
edge signal from interrupt logic 250 on line 314. AUX 
TCINT bit 300h functions like TCINT except creates an 
internal interrupt when the contents of the auxiliary count 
register 302 reach Zero. Interrupt lines responding are 312a 
and 314.a for Sending an interrupt and receiving an acknowl 
edge Signal to and from interrupt logic 250, respectively. 

0182. The DMA operation performed under the control of 
DMA controller 22 can be interrupt-driven in conjunction 
with controller 14, so that the operation can be externally 
controlled. As described above relative to controller 14, 
internally generated interrupts are received and handled by 
interrupt logic 250 in controller 14. Control logic 310 further 
generates an interrupt request Signal to controller 14 on line 
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313, and receives an interrupt active Signal therefrom online 
315. The interrupt request signal on line 313 indicates that 
DMA controller is waiting for a DMA-related interrupt 
generated by an external device, and the interrupt active 
Signal on line 315 indicates that Such an interrupt has been 
received by controller 14 and is to be serviced. Synchroni 
Zation is controlled by control logic 310 generating the 
interrupt request signal at predetermined points in the DMA 
transfer cycle and waiting for the interrupt active signal 
before proceeding; the Selection of the Synchronization 
points is made by loading bits 300e and 300f of control 
register 300. Table 5 lists the synchronization modes per 
formable by DMA coprocessor 22. 

TABLE 5 

Bits 300eff Interrupt synchronization 

OO No interrupt synchronization. 
O1 Source synchronization; DMA read on interrupt, 

write when available 
1O Destination synchronization; DMA read when 

available; write on interrupt 
11 Source and destination sync, DMA read on 

interrupt; write on next interrupt 

0183 In operation, the transfer counter register 301, 
destination address register 303, and Source address register 
305 of DMA channel 21 are first loaded with the initial 
conditions as desired. Each of these registers 301, 303 and 
305 are addressable by address lines 28a of peripheral bus 
28 using a normal memory write instruction executed by 
microcomputer 10; implicit in FIG. 10 for each of the 
registers 301, 303 and 305 is decoding logic for controlling 
the loading of said registers 301, 303 and 305 when 
addressed. Control register 300 is also loaded by addressing 
its memory location, thereby configuring DMA channel 21 
as desired. Control logic 310 is responsive to START bit 
300a being set to a “1” state, enabling the operation of DMA 
controller 22. 

0184. By way of example, control register 300 of DMA 
channel 21 is loaded with the necessary data So that the 
Selected Synchronization mode will be destination Synchro 
nization. Thus, control logic 310 will first disable control 
logic 310 from accepting internal interrupt signals from 
interrupt logic 250. The source address register 305 of DMA 
channel 21 is loaded with the address of the source memory. 
The destination address register 303 (of DMA channel 21) is 
loaded with the address of the destination memory, and 
transfer counter 301 is loaded with the number of words to 
be transferred. According to the example, control register 
300 is configured for sequential transfer of data for both the 
Source and the destination data thus, Source indeX register 
306 and destination index register 304 are set to 1. The 
START bit of control register 300 initiates the DMA transfer. 
0185. Control logic 310 sends signals CALS and CALD 
to Source address and destination address generators to 
calculate Source and destination addresses for data and to 
store the addresses in the source address register 305 and 
destination address register 303. Upon a LOAD pulse from 
control logic 310 to source address register 305, the contents 
of source address register 305 will be placed on address lines 
38a of DMA bus 38. The addressed memory location (either 
in external memory via peripheral port 24 or 26, or in 
memories 16, 18 or 20) will be read. Control logic 310 will 
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pulse the STORE line connected to data register 309, to load 
the value on data lines 38d of DMA bus 38 into data register 
309. After the read operation, control logic 310 pulses CALS 
and the contents of source index register 306 is added to the 
contents of source address register 305 with the result 
written back to source address register 305. Also during this 
time, DECR is pulsed by control logic 310 decrementing the 
count of the transfer counter register 302 by one. 

0186 According to the destination synchronization mode 
selected by control register 300, control logic 310 will now 
generate an interrupt request Signal on line 313 to interrupt 
logic 250. Responsive to controller 14 receiving an enabled 
interrupt directed to DMA, Such an event communicated to 
DMA controller by the interrupt active signal on line 315, 
control logic 310 will begin the DMA write operation. 
Accordingly, the contents of destination register 303 will be 
presented upon address lines 38a of DMA bus 38 responsive 
to control logic 310 presenting the LOAD signal to desti 
nation address register 303. Control logic 310 also pulses the 
WRITE line connected to data register 309, so that the 
contents of data register 309 are presented upon data lines 
38d of DMA bus 38. The addressed memory location is 
accessed as described before, with controller 14 providing 
the necessary write control signals to effect the writing of the 
contents of data register 308 into the addressed location. 

0187. After completing the write, the contents of desti 
nation address register 303 are added to the contents of 
destination index register 304 by control logic 310 via line 
CALD with the result written back to destination address 
register 303. It should be noted that separate source and 
indeX registers allows for variable Step sizes or continual 
reads and/or writes from/to a fixed location. 

0188 DMA transfers continue until transfer counter 301 
goes to Zero and the write of the last transfer is complete. 
The DMA channel 21 has the ability to reinitialize another 
Set of Source and destination addresses to perform another 
DMA transfer without intervention by CPU 12. When the 
TRANSFER MODE bits are set to 10 (refer to Table 6) in 
control register 300, the link pointer register 307 initializes 
the registers which control the operation of the DMA 
channel. The link pointer register 307 contains the address of 
a structure in memory for a new control register and other 
pertinent values which are loaded into the registers of DMA 
channel 21 Such as: Source address register, Source index 
register, destination address register, destination indeX reg 
ister, link pointer register and auxiliary registers if using 
Split-mode operation. It should be noted that autoinitializa 
tion of the DMA channel occurs without intervention by 
CPU 12. 

TABLE 6 

The effect of the TRANSFERMODE field. 

TRANSFER MODE Effect 

OO Transfers are not terminated by the 
transfer counter and no autoinitialization 
is performed. TCINT can 
still be used to cause an interrupt 
when the transfer counter makes a 
transition to zero. The DMA channel 
continues to run. 
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TABLE 6-continued 

The effect of the TRANSFERMODE field. 

TRANSFERMODE Effect 

O1 Transfers are terminated by the transfer 
counter. No autoinitialization is 
performed. A halt code of 10 is placed in the 
START field. 
Autoinitialization is performed when the 
transfer counter goes to Zero without waiting 
for CPU intervention. 
The DMA channel is autoinitialized when the 
CPU restarts the DMA using the DMA register 
in the CPU. When the transfer counter goes 
to zero, operation is halted until the CPU 
starts the DMA using the DMA start field in 
the CPU DMA register and a halt code of 10 is 
placed in the start field by the DMA. 

11 

0189 In the preferred embodiment, any one of the six 
DMA channels can operate in conjunction with any one of 
the six communication ports 50-55 using a special DMA 
transfer mode called split-mode operation as shown in FIG. 
11. Split-mode operation separates one DMA channel into 
two concurrent operations: one dedicated to receiving data 
from a communication port and writing the data to a location 
in the memory map, and one dedicated to reading data from 
a location in the memory map and writing the data to a 
communication port. The control register 300 has a SPLIT 
MODE bit that can be set to indicate split mode operation 
and COMPORT bits to select which communication port is 
used for split-mode operation (refer to Table 4 register bit 
14). During split-mode operation, the DMA channel dedi 
cated to reading data operates independently from the DMA 
channel dedicated to writing data. Thus, an auxiliary count 
register and an auxiliary pointer register for the DMA 
channel are dedicated to writing data (auxiliary channel) and 
respectively correspond to transfer count registers and link 
pointer registers used for the DMA channel dedicated to 
reading data (primary channel). It should be noted that there 
are Six auxiliary count registers and Six auxiliary pointer 
registers-one for each DMA channel. 
0190. In the preferred embodiment, as many as six DMA 
channels are accessing the DMA bus 38 at the same time 
(and Sometimes as much as twelve DMA channels are 
accessing the DMA bus 38 simultaneously which occurs 
when operating in Split-mode when all Six DMA channels 
are configured to operate in conjunction with all Six com 
munication ports). Thus, contained within coprocessor 22 is 
a priority controller (not shown) that implements a rotating 
priority scheme. The last DMA channel to get service 
becomes the lowest priority DMA channel. The other DMA 
channels rotate through a priority list with the next lower 
DMA channel from the DMA channel serviced having the 
highest priority on the following request. The priority rotates 
every time the most recent priority-granted channel com 
pletes its access. FIG.12a illustrates the rotation of priority 
acroSS Several DMA coprocessor accesses. An asterisk indi 
cates the DMA channel requesting service. When a DMA 
channel is running in Split-mode the arbitration between 
channels is similar to the just discussed unified DMA 
channel. The split-mode DMA channel participates in the 
rotating priority Scheme having the same priority as if it 
were a unified DMA channel. 

19 
Mar. 4, 2004 

0191 The split-mode DMA channel complicates the pro 
ceSS by having a primary channel transfer and an auxiliary 
channel transfer. Since primary and auxiliary channels can 
run independent of each other, the two Subchannels compete 
for priority within the host DMA channel while the host 
DMA channel competes with the other unified DMA chan 
nels. FIG. 12b illustrates this priority mechanism that is 
controlled by the priority controller (not shown) contained 
within coprocessor 22. In this case assume that only channel 
two is running in Split-mode. The primary channel is des 
ignated as 2pri and the auxiliary channel as 2aux. Again, an 
asterisk (*) indicates the DMA channel requesting Service. 
The first Service is a request by 2pri. After 2pri is Serviced, 
channel 2 is moved to the lowest priority level, and 2pri is 
moved to a lower priority level below 2aux within channel 
2. It should be noted that the two subchannels (2pri and 
2aux) are prioritized within themselves. Channel 4 having a 
higher priority than channel 2 is serviced next. On the third 
service 2pri is serviced. On the 4th Service, with 2aux and 
2pri both requesting, 2aux is Serviced first, channel two 
becomes the lowest priority channel and 2aux becomes 
lower priority than 2pri. On the 5th service channel 3 is 
Serviced. If no higher priority Services are requested, 2pri 
would be serviced next. 

0.192 AS is evident from this description, DMA copro 
ceSSor 22 is thus operable to transfer the contents of memory 
locations from memory beginning with the initial Source 
address, to memory locations beginning with the destination 
address. After completion of the transfers, the DMA copro 
ceSSor can autoinitialize itself by fetching from memory the 
necessary information to perform another DMA transfer 
Sequence. This operation as described herein does not 
require the intervention of CPU 12 and, since DMA bus 38 
provides a separate address and data path for DMA pur 
poses, can allow Such a DMA operation to take place 
Simultaneously with program and data accesses in the nor 
mal operation of microcomputer 10. DMA operations can 
occur essentially transparent to the operation of microcom 
puter 10, greatly enhancing its performance. 
0193 Referring now to FIG. 13, the operation of periph 
eral buS 28, and its communication with various peripheral 
functions will be explained. By way of example, timer 40 
and 41, analysis module 42 and communication ports 50-55 
are the peripheral functions connected to microcomputer 10 
described herein. These three functions provide certain 
communication and/or data processing functions depending 
upon their construction, but each of Said peripheral functions 
communicate with peripheral bus 28, and thereby with the 
rest of microcomputer 10, in the same manner. Each of 
peripherals 40, 41, 42 and 50-55 are configured and operated 
by microcomputer 10 by using memory mapped registers, 
addressable by peripheral bus 28, in the manner described 
below. It should be recalled that, as in the case of the 
memory-mapped registers contained within DMA controller 
22, the memory-mapped registers contained in the periph 
eral functions described below reside in the input/output 
address space 000100000, through 0001000FF. The pre 
ferred embodiment of microcomputer 10 consists of two 
timers, each timer operates independently of the other. Thus 
only timer 40 will be described in detail herein below 
because timer 41 has similar functions as timer 40 and also 
that the registers of timer 41 corresponds to those registers 
of timer 40. For example, timer logic 400 corresponds with 
timer logic 410, control register 402 corresponds with con 
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trol register 412, period register 404 with period register 
414, counter register 406 with counter register 416, and 
TCLK1 with TCLK2. 

0194 Timer 40 performs the function of measuring pre 
determined time periods for external control, or for internal 
control of microcomputer 10. Timer 40 contains timer logic 
400, connected to address lines 28a of peripheral bus 28; 
timer logic 400 is operable to evaluate the address signal on 
lines 28a of peripheral bus 28, and to allow access to the 
various memory-mapped registers within timer 40 accord 
ingly. Each of the registers within timer 40 (described 
below) are addressable by an address signal within the single 
address Space of microcomputer 10. The memory-mapped 
registers within timer 40 include a control register 402 
which contains certain control information necessary to 
control the operation of timer 40, such as an enable/disable 
bit, and such as whether timer 40 is controlled by the system 
clock of microcomputer 10 to provide an external output, or 
is controlled by external clock pulses to provide an internal 
Signal. Timer 40 further contains addressable period register 
404, which is loaded from data lines 28d with the value 
specifying the period of time to be measured by timer 40. 
Counter register 406 is also contained within timer 40, and 
which is incremented by each pulse of either the System 
clock or a clock pulse received on line TCLK1 externally. In 
operation, timer logic 400 is responsive to the contents of 
counter register 406 equaling the contents of period register 
404, at which time timer logic 400 generates an internal 
interrupt signal to controller 14 if control register 402 has so 
chosen; if control register 402 has selected external output, 
timer logic 400 generates a pulse on line TCLK1 when the 
contents of counter register 406 equal the contents of period 
register 404. 
0.195 Analysis module 42 is to provide improved emu 
lation, Simulation and testability architectures and methods 
which provide visibility and control without physical prob 
ing or Special test fixtures. One Such analysis module is 
described in co-pending and co-assigned U.S. application 
Ser. No. 388,270 filed Jul. 31, 1989 (TI Docket 14141). 
Some features Supported by analysis module 42 are specifi 
cally discussed below. A trace feature enables tracing of the 
Start address of the previous program block, end address of 
the previous program block, and Start address of current 
block, with current program counter (PC) equal to the end 
address of the current block. This facilitates a reverse 
assembly of where the program has come from and allows 
a trace back feature to be implemented in combination with 
the PC context switch breakpoints. 
0.196 Sufficient machine state information is imple 
mented to retrieve the last program counter executed and to 
determine if any repeat Single, repeat block, or delayed 
instruction is active. The machine State information also 
recalls the machine States required to restart execution from 
these cases in any of the CPU Stop modes. A Stop may occur 
within repeats. Single Stepping of the code results in a single 
instruction being executed. This means only one instruction 
within a repeat Single or block loop is executed. 
0197) Faster downloads are supported by implementing 
Short Scan paths in the CPU. Short Scan paths are accom 
plished using a partial scan of the CPU and a HLT applied 
to the CPU MPSD test port. 
0198 The behavior of the memory interface differs dur 
ing emulation mode and Simulation mode. In emulation 
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mode, control of the memory interface allows normal opera 
tion of the interface to continue while the CPU domain test 
port is in a Scan, pause or halt State. Control Signals remain 
inactive in a high impedance State while Hold functions 
continue to operate. Memory control Signals are to be 
asserted in the inactive State with correct timing when the 
System domain test port is in a pause State or Scan State. 
Control signals cannot toggle or glitch because of MPSD 
test port code changes. In Simulation mode, control of the 
interfaces are Such that the control Signals are asserted in the 
machine State with correct timing when the System domain 
test port is in a SDAT, SCTRL, or PAUS state. Memory 
interface logic (hold, holda) do not function unless the 
system test port is in the CNTRL or FUNC state and Suspend 
is not active. Simulation mode slaves System domain clock 
to the CPU domain execution clock, MPSD codes FUNC, 
CNTRL, or HLT applied. 
0199 Peripherals have independence of operation when 
the chip is operating in the emulation mode. In Simulation 
mode their operation is tightly coupled to the CPU domain. 
The peripherals may have from one to three of the following 
operating modes when the chip is operating in the emulation 
mode: free, Soft and hard. When a peripheral, Such as a 
timer, is allowed to have up to three modes, the Specific 
mode is made available to the user through two dedicated 
bits in a peripheral control register. These bits do not affect 
the operation of the peripherals provided the System test port 
has FUNC applied. 
0200 Peripheral free mode means the peripheral contin 
ues to operate normally regardless of the CPU domain State 
or the state of SUSPEND provided the system test port has 
CNTRL applied. 
0201 Peripheral soft allows the coupling of a CPU or 
system assertion of SUSPEND i.e., CPU domain halted, 
with the Subsequent halt of the peripheral. With peripheral 
Soft, the peripheral continues to operate normally after 
SUSPEND is asserted until a predefined condition within the 
peripheral occurs. When this event occurs the peripheral 
halts execution. The peripheral resumes execution when 
SUSPEND becomes inactive and the system test port has 
CNTRL applied. 
0202) Peripheral hard allows the direct coupling of a CPU 
or system assertion of SUSPEND i.e., CPU domain halted, 
with an immediate halt of the peripheral. With peripheral 
hard, the peripheral appears as if it is tightly coupled to the 
CPU domain, halting immediately when SUSPEND is 
asserted. This assumes the system test port has CNTRL 
applied. When this occurs the peripheral halts execution. 
The peripheral resumes execution when SUSPEND 
becomes inactive and the system test port has CNTRL 
applied. This mode makes the peripheral execute the same 
number of clocks of user code as the CPU domain executes. 

0203 Peripheral operation in the Simulation Mode is 
controlled by the System test port, Suspend, and the CPU test 
port. The peripheral clocks may run when, the CPU domain 
and the System domain test ports have CNTRL applied and 
the CPU clocks are on, and SUSPEND is not active. 
0204 Five instructions are used in the emulation archi 
tecture to manage analysis and emulation requested Stops. 
These instructions are: 

0205) a) ESTOP-Emulation Stop 
0206 b) ETRAP-Emulation Trap 



US 2004/0044874 A1 

0207 c) ASTOP-Analysis Stop 
0208 d) ATRAP-Analysis Trap 

0209 e) ERET-Emulation Return 
0210. These instructions provide the mechanism where 
by Emulation SW and Analysis generated execution halt 
requests are processed in conjunction with TRAPEN, allow 
ing the determination of the cause of the trap or Stop. The 
emulation return instruction is Separate from a normal return 
as the two trap instructions set a suspend bit (TRPSUSP) and 
the emulation return instruction resets this bit. The emula 
tion and analysis traps and returns are identical normal traps 
and returns with the exception of managing TRPSUSP. 
0211 Emulation stop (ESTOP) is placed in memory by 
the Emulation SW or imbedded in the functional code by the 
user or compiler. It causes a Stop with the pipeline empty 
regardless of the CPU stop mode. Execution of this instruc 
tion causes an associated emulation interrupt. An ESTOP 
status is set in the CPU and instruction fetches to fill the 
pipeline do not occur until this flag is reset by Emulation 
SW. The pipeline may be loaded with a non empty state 
while this flag is Set and the pipeline executes to the empty 
state when CPU test port codes HLT, or CNTRL are applied. 
FUNC causes this flag to be reset. 
0212 Emulation trap (ETRAP) is placed in memory by 
the Emulation SW or imbedded in the functional code by the 
user or compiler. If TRAPEN is true to the CPU, this 
instruction causes a trap, sets TRPSUSP, and generates an 
associated emulation interrupt. The pipeline is empty behind 
it. When TRAPEN is not true to the CPU, the instruction is 
executed, the emulation interrupt generated, but TRPSUSP 
is not set and the trap is not taken. In both cases an ETRAP 
Status flag is Set in the analysis domain. This bit is resetable 
by Scan. 
0213 Analysis stop (ASTOP) is jammed into the instruc 
tion pipeline at the earliest time when the analysis requests 
a stop condition and TRAPEN is false to the CPU. ASTOP 
has the same characteristics as ESTOP except it has its own 
status flag which has the same characteristics as the ESTOP 
Status flag. 
0214) Analysis trap (ATRAP) is jammed into the instruc 
tion pipeline at the earliest time when the analysis requests 
a stop condition and TRAPEN is true to the CPU. This 
instruction causes a trap, sets TRPSUSP, and generates an 
asSociated emulation interrupt. The pipeline is empty behind 
it. An ATRAP status flag is set in the analysis domain. This 
bit is resetable by scan. 
0215 Emulation return (ERET) resets TRPSUSP and 
otherwise acts like a normal return instruction. 

0216 Message status register contains status information 
for controlling the transfer of data and commands to and 
from the device. These Status bits are readable and Some are 
writable. 

The status bits are: Bit Number 

a) WBFUL write buffer full 4 
b) RBFUL read buffer full 3 
c) CMD Command transfer 2 
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-continued 

The status bits are: Bit Number 

d) GXFER Good transfer 1. 
e) MACK Message acknowledge O 

0217 ABUSACT indicates that the analysis test port has 
HLT, CNTRL, or FUNC applied. 
0218. The WBFUL status bit is in the analysis domain. It 
is Set via a device write to the message register when the 
RBFUL flag is not true and ABUSACT is true. This bit is 
reset via Scan. 

0219. The RBFUL status bit is in the analysis domain. It 
is set via Scan and reset via a read to the CMD address of the 
MSG register when CMD is set or a read to the data address 
of the MSG register when CMD is not set provided ABUS 
ACT is true in both read instances. 

0220. The CMD status bit is in the analysis domain. It is 
Set via a device write to the command message register 
address, when the RBFUL flag is not true and ABUSACT is 
true. It is reset when a write occurs to the data message 
register address and the RBFUL flag is not true and ABUS 
ACT is true. The CMD bit scanable and settable to either 
logical value. 
0221) The GXFER status bit is in the system domain. It 
is Set when: 

0222 a) A read to the command message address 
occurs, CMD is true, RDRUL is true, and ABUSACT 
is true; 

0223 b) A read to the data message address occurs, 
CMD is false, RDFUL is true, and ABUSACT is true; 

0224 c) A write to a data or command message address 
occurs, RBFUL is false, and ABUSACT is true. 

0225. The GXFER bit is reset on system FUNC or a read 
or write to a message register address without a, b, or c being 
true. 

0226 Message acknowledge (MACK) is a writable and 
readable bit connected to the emulation control block and 
resides in the system domain. The MACK bit is selectable to 
appear on EMUO pin and it Serves as the handshaking for 
message transferS. 
0227. The message passing register and message register 
Status bits in the analysis domain are on a short analysis Scan 
path. The short analysis Scan path is the first path out of the 
analysis domain. The message register is the first output 
followed by the message Status register bits. It should be 
noted that both the message passing register and the message 
register Status bits are transferred out in an order Starting 
with the least significant bit (LSB). 
0228. In one variation of the preferred embodiment 
another microcomputer Similar to the microcomputer 10 
herein-described is directly coupled to microcomputer 10 
via one or more or all of the communication ports 50-55. 
FIG. 14 illustrates the connection between two microcom 
puterS 10 where one communication port is connected to the 
other communication port via control and data signals 585. 
When two microcomputers 10 are coupled via the commu 
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nication ports, the input and output FIFO registers are 
combined and thus the number of FIFO registers is doubled. 
The buffering capacity of the combined communication port 
is the Sum of each individual communication port. The two 
coupled microcomputerS 10 have provisions for pin for pin 
compatibility enabling the two microcomputers to directly 
connect via any one of the six communication ports 50-55. 
It should be noted that with pin for pin compatibility 
between microcomputers 10, the microcomputers are readily 
connected using the communication ports. 
0229 Referring now to FIG. 15, the operation of com 
munication ports 50-55 will be explained. FIG. 15 shows 
the internal architecture of communication port 50, which 
for purpose of this discussion is functionally identical to the 
other five communication ports. In order for data transfer to 
occur with communication ports 50-55, the desired address 
presented via peripheral bus 28 is made to correspond to a 
value within the memory address Space of microcomputer 
10 that corresponds to an address Serviced by peripheral port 
25. The memory-mapped registers within communication 
ports 50-55 which are described below are within the 
memory address space 000100040, through 00010009F. 

0230 Communication port 50 contains port control reg 
ister 510, input first-in-first-out (FIFO) 540, and output 
FIFO 550, each of which are connected to address lines 28a 
and data lines 28d of peripheral bus 28, and each of which 
are mapped into corresponding address locations of the 
memory address Space of microcomputer 10. The input 
FIFO 540 and the output FIFO 550 each have a correspond 
ing FIFO control that is attached to the respective FIFO unit. 
Communication port 50 further contains an interface port 
530. A port arbitration unit 520 provides handshaking sig 
nals to an external device for effectuating data transferS from 
or to interface port 530. The port control register 510 contain 
control and Status bits for the communication channel. Port 
logic unit 560 control the interfacing between to the port 
arbitration unit 520, input and output FIFO units 540 and 
550 and the port control register 510. The port logic unit 560 
also provides interrupts to the interrupt logic 250. 

0231. In order to transmit data, a qualifying token is used 
for data flow control of the connected communication port. 
For example, a signal on line BUSRO from port logic unit 
560 to port arbitration unit 520 signals the port arbitration 
unit 520 to arbitrate for control over the eight-bit commu 
nication channel data bus CD(7-0) from external request to 
use the data bus. It should be noted that arbitrating is not 
necessary if port arbitration 520 has possession of the 
qualifying token. The qualifying token is used to determine 
whether communication port 50 or an external port has 
control of the communication channel data bus. The quali 
fying token is passed between the port arbitration unit 520 
of communication port 50 and the external port. The port 
arbitration unit 520 is a state machine having four defined 
states. Table 7 defines these states. 

TABLE 7 

Definition of PAU states 

PAUSTATE PAU Status 

OO PAU has token (PORT DIR = 0) and channel 
not in use OUTPUT LEVEL = 0). 
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TABLE 7-continued 

Definition of PAU states 

PAUSTATE PAU Status 

O1 PAU does not have token (PORT DIR = 1) 
and token not requested by PAU (OUTPUT 
LEVEL = 0). 

1O PAU has token (PORT DIR = 0), channel 
in use (OUTPUT LEVEL not = 0). 

11 PAU does not have token (PORT DIR = 1), 
token requested by PAU (OUTPUT LEVEL 
not = 0). 

0232 These four states aid in determining whether or not 
the token can be passed to the requesting communication 
port and are defined in terms of Status information that is 
available in the port control register 510. FIG. 16 shows the 
State diagram and controlling equations for the State transi 
tions of the port arbitration unit 520. 

0233 For this example, communication port 50 is con 
nected to an external port Similarly equipped as shown in 
FIG. 14. Operation begins with port arbitration unit 520 of 
communication port 50 in state 00 (with token, channel not 
in use) connected to a port arbitration unit of the external 
port in State 01 (without token, token not requested). Com 
munication port 50 is instructed to transmit data to the 
external port. Port arbitration unit 520 receives a request 
from port logic unit 560 on line BUSRO to use the com 
munication port data bus. Port arbitration unit 520 allows the 
output FIFO to transmit one word immediately, since it has 
the token, and enters State 10 (with token, channel in use). 
After the output FIFO transmits that one word, port logic 
unit 560 removes the bus request (BUSRQ=0) and then port 
arbitration unit 520 returns to state 00. 

0234 Next port arbitration unit of external port receives 
a request from its port logic unit to use the bus (BUSRQ), 
port arbitration unit of the external port requests the token 
from port arbitration unit 520 over the CREQ line, state 11, 
(without token, token requested). This request is seen inside 
state machine 525 of port arbitration unit 520 via the state 
variable TOKRQ. When port arbitration unit 520 is in state 
00 (with token, channel not in use) the token is transferred 
using the CACK line. When port arbitration unit of the 
external port receives the bus, this is signalled internally 
within the port arbitration by a bus acknowledge Signal 
(BUSACK). As a result of the token transfer port arbitration 
unit 520 enters state 01 (without token, token not requested) 
and port arbitration unit of the external port enterS State 10 
(with token channel in use). It should be noted that com 
munication port 50 is not limited to communications with 
external ports Similarly equipped but can interface to exter 
nal ports that provide proper handshaking Signals. 

0235 Since port arbitration unit 520 always returns to 
State 00 after transmitting a single word, tokens may be 
passed back and forth allowing for a word to be transmitted 
from communication port 50 and the external port and then 
from the external port to communication port 50. This 
provides an inherently fair means of bus arbitration by not 
allowing any one output FIFO from continually monopo 
lizing the communication data bus thus, preventing the other 
output FIFO module from being continually blocked. In 
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other words, commenSurate loading of the FIFOS is accom 
plished. If an input FIFO becomes full, a signal INW is sent 
to port arbitration unit 520 which causes I/O port 531 not to 
bring CRDY low because at the start of the next transmis 
sion the first incoming eight-bits will overflow the input 
FIFO and data will be lost. 

0236 Another feature incorporated into the communica 
tion ports is the ability effectuate input and output FIFO 
halting. Input and output FIFO halting is the ability to 
prevent additional transferS from and to the output and input 
FIFOS respectively. During System development, debugging 
and use, the ability to stop an input and output FIFO without 
the loSS of any data that is being Sent or received is a very 
desirable feature. In the preferred embodiment, after a 
transfer of a word via the communication channel bus the 
port arbitration unit 520 returns to state 00, by setting either 
the input channel halt (ICH=1) or the output channel halt 
(OCH=1) in the port control register 510, port logic unit in 
turn sends signal HOLDTOK to port arbitration unit 520. 
Port arbitration unit 520 has a couple of options after receipt 
of the HOLDTOK signal. It having possession of the token 
refuses to relinquish the qualifying token thus preventing 
data from entering input FIFO 540 via the communication 
channel bus or it refuses to arbitrate for the qualifying token, 
thus successfully stopping output, FIFO 550 from transmit 
ting data via the communication channel bus. 
0237 For example, input FIFO 540 of communication 
port 50 (connected to external port) has ICH=1. Then the 
input FIFO 540 is halted based upon the communication 
channel’s current state. The input channel is unhalted when 
ICH=0. When the input FIFO 540 of communication port 50 
is unhalted (ICH=0) communication port 50 releases the 
qualifying token if requested. 
0238 Output FIFO halting is analogous to input FIFO 
halting. For example, output FIFO 550 of communication 
port 50 (connected to external port) has OCH=1. Then the 
output FIFO 550 is halted based upon its current state. If 
communication port 50 does not have the qualifying token, 
output FIFO 550 is halted by communication port 50 not 
requesting the qualifying token. If the communication port 
50 has the qualifying token and is currently transmitting a 
word, then after the transmission is complete, no new 
transfers will be initiated. 

0239 Following the FIFO halting rules discussed above, 
other possible Scenarios of the preferred embodiment 
include: 1) communication port 50 has the qualifying token, 
input FIFO 540 is not halted, and output FIFO 550 is halted, 
then it will transfer the token when requested by the external 
port; 2) communication port 50 has the qualifying token, 
input FIFO 540 is halted, and output FIFO 550 is halted, 
then it will not transfer the token when requested by the 
external port; 3) coming out of a halted State, if the com 
munication port 50 has the token it may transmit data if 
necessary, if it needs the token, it will arbitrate for the token 
as described herein-above. 

0240 FIG. 15 further shows port logic unit 560 with 
interrupt signals OCRDY (output channel ready), ICRDY 
(input channel ready), ICFULL (input channel full), and 
OCEMPTY (output channel empty) that are connected to 
interrupt logic 250. Port logic unit 560 generates those 
interrupts based upon signals on line input level and output 
level from input FIFO 540 and output FIFO 550 respec 
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tively. But information (PINF) from port arbitration unit 520 
and FIFO information from the FIFO registers are fed to port 
logic unit 560 which supplies port arbitration register 510 
input channel level, output channel level and port direction 
information. 

0241 The communication ports support three principle 
modes of Synchronization: a ready/not ready Signal that can 
halt CPU and DMA accesses to a communication port; 
interrupts that can be used to signal the CPU and DMA; 
Status flags in the communication port control register which 
can be polled by the CPU. 
0242. The most basic synchronization mechanism is 
based on a ready/not ready signal. If the DMA or CPU 
attempt to read an empty input FIFO, a not ready Signal is 
returned and the DMA or CPU will continue the read until 
a ready Signal is received. The ready Signal for the output 
channel is the OCRDY (output channel ready) which is also 
an interrupt Signal. The ready Signal for the input channel is 
ICRDY (input channel ready) which is also an interrupt 
Signal. 

0243 Interrupts are often a useful form of synchroniza 
tion. Each communication port generates four different 
interrupt signals: ICRDY (input channel ready), ICFULL 
(input channel full), OCRDY (output channel ready) and 
OCEMPTY (output channel empty). The CPU responds to 
any of these four interrupt signals. The DMA coprocessor 
responds to the ICRDY and OCRDY interrupt signals. 

0244. The third mode of synchronization that can be 
employed in the preferred embodiment is CPU polling. The 
CPU can be setup to poll the Status flags in communication 
port control registers at predetermined intervals or occur 
rences during the operation of the data processing device. 

0245. In addition to the communication ports 50-55, the 
preferred embodiment incorporates a special Split mode 
DMA capability that transforms one DMA channel into two 
DMA channels, one dedicated to receiving data from a 
communication port and writing it to a location in the 
memory map, and one dedicated to reading data from a 
location in the memory map and writing it to a communi 
cation port. All Six DMA channels can Support any of the Six 
communication ports. 
0246. In the present embodiment data words are thirty 
two bits wide, however interface port 530 has a bus eight 
bits wide; thus, interface port 530 adjusts for the disparity by 
having an I/O port 531, an input and output data shifter 533, 
a multiplexer 536 and a thirty-two bit buffer register 539. 
For example, to receive incoming data from the external 
port, a signal CSTRB precedes the data Signaling commu 
nication port 50 the presence of valid data on bus CD(7-0). 
Of course, external port has possession of the qualifying 
token thus allowing it to transmit data. The incoming data is 
received by I/O port 531 where data shifter 533 shifts the 
received data via multiplexer 536 to the proper packet 
location within the thirty-two bit buffer register 539. After 
I/O port 531 receives data from bus CD(7-0), it sends signal 
CRDY to confirm the receipt of data from the external port. 
Since bus CD(7-0) is eight-bits wide, a data word is divided 
into four consecutive eight-bit packets to make up the 
thirty-two bit word used in the preferred embodiment. When 
four packets of eight-bits of data are placed in buffer register 
539, port arbitration unit 520 sends signal SAVEFIF to FIFO 
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control of input FIFO 540, and the contents of the buffer 
register 539 is stored to input FIFO 540, where the data is 
accessed via peripheral buS 28 as described herein-above. 
0247 To transmit data to the external port, output FIFO 
550 receives thirty-two bit data words from peripheral bus 
28d. Port arbitration unit 520 sends signal LOADBUF to 
FIFO control of output FIFO 550 and the contents of output 
FIFO 550 is transferred to buffer register 539. Multiplexer 
536 Selects eight-bit packets that are shifted using data 
shifter 533 via I/O port 531 onto the eight-bit communica 
tion bus CD(7-0). It should be noted that possession of the 
qualifying token by port arbitration unit 520 is implied to 
transmit data as described above. Communication port 50 
signals valid data with CSTRB via I/O port 531. Data is 
transferred via eight-bit bus CD(7-0). The external port 
receiving the data from bus CD(7-0) signals the transmitting 
communication port 50 with CDRDY thereby acknowl 
edging data is received completing a packet transfer. Three 
other packets are transferred to complete the thirty-two bit 
data word. 

0248 FIG. 18a illustrates the timing for a token transfer 
Sequence between two communication ports, A and B. FIG. 
18b continues the timing diagram to illustrate a word 
transfer sequence followed by the start of another word 
transfer Sequence. In order to accurately describe the timing 
of the operation of the communication ports, it is important 
to differentiate between the internal Signals applied to the 
pins and the external Status Seen at the interface between the 
communication ports. Referring to FIG. 17, internal signals 
applied to a buffer with a Suffix 'a depicts processor A and 
b’ depicts processor B. The external signal between the two 
connected communication ports is denoted by a concatena 
tion of 'a and b. The value that a processor sees by 
Sampling the output pad is denoted with a single right quote 
(). All signals are buffered and can be placed in a high 
impedance state. Clocks H1 and H3 are generated within the 
clock generator circuit 200 and are used to Synchronize 
communication port transferS. 
0249. The numbers shown on FIGS. 18a and 18b corre 
spond to the numbers in the following description. Each 
number describes the events occurring that correspond to an 
instant represented by the corresponding number on the 
timing diagrams shown in FIGS. 18a and 18b. It should be 
noted that negative true signals are represented with a bar 
above the signal in FIGS. 18a and 18b while an underscore 
after the Signal is used in the following description. Also the 
signal CST of FIGS. 18a and 18b is equivalent to the signal 
CSTRB in the herein description. 
0250 Referring to FIG. 18a, a token request and token 
transfer Sequence proceeds as follows: 
0251 1-B requests the token by bringing CREQb low. 

0252 2-A sees the token request when CREQa goes 
low 

0253 3-A acknowledges the request, after a type 1 
delay from CREQa falling, by bringing CACKalow. 
0254 4-B sees the acknowledge from A when 
CACKb goes low. 
0255 5-A switches CRDYa from tristate to high on the 
first H1 rising after CACKa falling. 
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0256 6-A tristates CDa(7-0) on the first H1 rising after 
CACKa falling. 
0257) 7-B switches CSTRBb from tristate to high after 
a type 2 delay from CACKb falling. 
0258 8-B brings CREQb high after a type 1 delay 
from CACKb falling. 
0259 9-A sees CREQago high. 
0260 10-A brings CACKa high after CREQa goes 
high. 

0261) 11-A tristates CSTRBa after CREQa goes 
high. 

0262 12-A tristates CACKa after CREQa goes high 
and after Ka goes high. 
0263 13-A Switches CREQa from tristate to high after 
CREQa goes high. 
0264 14-B tristates CREQb after CREQb goes high. 
0265 15-B Switches CACKb from tristate to high 
after CREQb goes high. 
0266 16-B tristates CRDYb on the H1 rising after 
CREQb goes high. 
0267, 17-B drives the first byte onto CDb(7-0) on the 
H1 rising after CREQb goes high. 
0268 18-A sees the first byte on CDa (7-0). 
0269) 19-B brings CSTRBb low on the second H1 
rising after CREQb rising. 
0270 20-A sees CSTRBa go low, signalling valid 
data. 

0271) 21-A reads the data and brings CRDYa low. 
0272 22-B sees CRDYb go low, signalling data has 
been read. 

0273 23-B drives the second byte on CDb(7-0) after 
CRDYb goes low. 
0274 24-A sees the second byte on CDa (7-0). 
0275 25-B brings CSTRBb high after CRDYb goes 
low. 

0276 26-A sees CSTRBago high. 
0277 27-A brings CRDYa high after CSTRBa goes 
high. 

0278) 28-B sees CRDYb go high. 
0279 29-B brings CSTRBb low after CRDYb goes 
high. 

0280) 30-A sees CSTRBa go low, signalling valid 
data. 

0281 31-A reads the data and brings CRDYa low. 
0282 32-B sees CRDYb go low, signalling data has 
been read. 

0283) 33-B drives the third byte on CDb(7-0) after 
CRDYb goes low. 
0284 34-A sees the third byte on CDa(7-0). 
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0285) 35-B brings CSTRBb high after CRDYb goes 
low. 

0286 36-A sees CSTRBago high. 
0287. The following events are used in FIG. 18b illus 
trating the timing for a word transfer between communica 
tion ports A and B. It should be noted that the events 
described above also apply to the timing between commu 
nication ports A and B shown in FIG. 18b. 
0288 36-A sees CSTRBago high. 
0289) 37-A brings CRDYa high after CSTRBa goes 
high. 

0290 38-B sees CRDYb go high. 
0291) 39-B brings CSTRBb low after CRDYb goes 
high. 

0292 40-A sees CSTRBa go low, signalling valid 
data. 

0293 41-A reads the data and brings CRDYa low. 
0294 42-B sees CRDYb go low, signalling data has 
been read. 

0295) 43-B drives the fourth byte on CDb(7-0) after 
CRDYb goes low, 
0296 44-A sees the fourth byte on CDa(7-0). 
0297 45-B brings CSTRBb high after CRDYb goes 
low. 

0298) 46-A sees CSTRBago high. 
0299 47-A brings CRDYa high after CSTRBa goes 
high. 

0300 48-B sees CRDYb go high. 
0301) 49-B brings CSTRBb low after CRDYb goes 
high. 

0302) 50-A sees CSTRBa go low, signalling valid 
data. 

0303 51-A reads the data and brings CRDYa low. 
0304 52-B sees CRDYb go low, signalling data has 
been read. 

0305 53-B brings CSTRBb high after CRDYb goes 
low. 

0306 54-A sees CSTRBago high. 
0307 55-A brings CRDYa high after CSTRBa goes 
high. 

0308) 56-B sees CRDYb go high. 
0309) 57-B drives the first byte of the next word onto 
CDb(7-0) after a type 1 synchronizer delay from CRDYb 
falling (52). 
0310 58-A sees the first byte of the next word on 
CDa(7-0). 
0311 59-B lowers CSTRBb after a type two delay 
from CRDYb falling. 
0312 FIG. 19 shows an embodiment of a stand alone 
configuration of the improved data processing configured to 
show connections to a plurality of memories 350 and 351 
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and peripheral devices 360 and 361. Global peripheral port 
24 and local peripheral port 26 provide the interface to the 
external devices. For example, bus 380 can be used for 
program accesses and bus 390 can be used for data or I/O 
accesses which allows for Simultaneous external program 
and data accesses. Microcomputer 10 also has available Six 
communication channels capable of interfacing to other 
Systems in I/O intensive applications. Peripherals and other 
external devices Such as key boards, monitors, disk drives, 
printers, displays, transducers, modems, processors, local 
area networks (LANs), and other known or hereafter devised 
with which the System commends its use can be connected 
to the peripheral ports 24 and 26 and communication ports 
50-55. 

0313 FIGS. 31-43 show embodiments of various parallel 
processing System architecture configurations which are 
possible with plurality of improved data processing device 
of this preferred embodiment with external memory. 
0314 For example, FIG. 20 specifically shows parallel 
processing System architecture with external memory in the 
form of building blocks where memories 350 and 351 can be 
interfaced via bus 380 and bus 390 and communication ports 
for communication to additional data processing devices of 
this preferred embodiment and comparable like communi 
cation ports. Alternatively as shown in FIG. 21, the parallel 
system building block can be another microcomputer 10 
effectuating communication via communication ports 50-55 
and peripheral ports. The flexibility in the multitude of 
connections possible with microcomputer 10 offers a vast 
variety of systems. 
0315 One possible system shown in FIG. 22 is a pipe 
lined linear array using three microcomputerS 10 connected 
in a Serial configuration. Another System is shown in FIG. 
23 where a bi-directional ring utilizing a plurality of micro 
computerS 10 are connected with more than one communi 
cation port between two of the microcomputers 10 thus 
increasing the communication bandwidth between those two 
microcomputers. 
0316 The parallel processing system architecture of 
FIG. 24 is arranged in the form of a tree. Again the 
communication ports are used to connect between the trunkS 
and branches and between parent and children and even 
more architectures are possible by variants of the illustration 
in FIG. 24. 

0317 FIG. 25 illustrates how communication ports Sup 
port a variety of two dimensional Structures where a two 
dimensional mesh is constructed using only four of the 
communication ports and nine microcomputerS 10. A two 
dimensional Structure of hexagonal mesh and even higher 
dimensional Structures are also Supported as shown in FIG. 
26. 

0318 FIG. 27 shows a three dimensional grid supported 
by six communication ports. The microcomputer 10 in the 
center has all six communication ports connected to Six 
other microcomputerS 10 each using only one communica 
tion port and having rest of the five communication ports in 
each unit available for further expansion of this three 
dimensional grid or extra memory or other like uses. Even 
higher dimensional Structure in the form of a four dimen 
sional hypercube is also possible as shown in FIG. 28. Other 
higher dimensional Structures are also possible to the perSon 
of ordinary skill in the art. 
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03.19. A variation of the parallel processing system archi 
tecture configuration is illustrated in FIG. 29 where com 
binations of shared memories 350 and 351 and microcom 
puter-to-microcomputer communication are possible. FIG. 
30 illustrates a; parallel System where each microcomputer 
10 has local memory that can be shared between other 
microcomputers 10 via communication ports. 

0320 A system application having private local memo 
ries 340,341, and 342 and a shared global memory 350 is 
illustrated in FIG. 31. Global memory 350 is attached to 
external bus 380 while local memories 340, 341, and 342 
private to each microcomputer 10 are attached to auxiliary 
bus 390. Another variation is illustrated in FIG. 32 where 
microcomputers 10 share global memories 350 and 351 via 
external bus 380 and auxiliary bus 390. 
0321 FIG. 33 illustrates a parallel processing system 
where Some remote microcomputerS 10 are connected via 
modem link 450, 451, 452 and 453 to their respective 
communication ports 50-55 while other local microcomput 
erS 10 are connected directly via communication ports 
50-55. Keyboard 460, display assembly 461 and mass data 
media 465 are connected to local microcomputer 10 via 
communication ports. 

0322 The flexibility from the various communication 
port connections and memory sharing capabilities of micro 
computerS 10 provide Systems that can be optimized for 
applications using a single microcomputer 10 or multiple 
microcomputers 10. One possible system is in the field of 
robotics as shown in FIG. 34. Using microcomputer 10 as 
the building block, the interactive interfacing required for 
the varies functions of a robot 900 is accomplished. For 
example, robot 900 equipped with vision recognition from 
sensor assembly 910 makes contact with an item out of its 
reach. Signals 915 are sent to control logic 920 which supply 
signals to control the operation of computation system 930 
consisting of plurality of parallel processing microcomput 
ers 10. System 930 receives program instructions from 
program memory 940. Data memory 950 provides data 
storage for system 930. Command signals from system 930 
are generated and transformed from digital to analog signals 
using D/A 955 to control motors 960 for moving the various 
joints of robot 900. Analog signals 958 provide the motor 
controls. While motors 960 are receiving control signals, 
motors 960 are also providing feedback analog signals 948 
which are converted to digital signals via A/D converter 945. 
The computation system 930 utilizing the feedback signals 
948 from motors 960 determines new motor control signals 
to be sent to motors 960 insuring effective movement of 
robot 900. Additionally, as the robot moves, vision recog 
nition control relays distance and direction information back 
to control logic 920. Other functions of robot 900 such as 
Speech Synthesis via Speakers 912 and Speech recognition 
from sensor assembly 910 also has a high degree of inter 
activness that system 900 is capable to accommodate. As 
more and more functions and requirements of the System 
develop, additional microcomputerS 10 can be readily con 
nected to system 900. 
0323 Applications that utilize complex algorithms are 
well suited for the herein-described preferred embodiments. 
Such applications include Speech-recognition technology, 
cellular radio phones, video teleconferencing, and multi 
plexing four voice conversations on leased 64-Kbit/s lines 
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that formerly could carry only one. A large number of other 
computationally-intensive problems are well-Suited for par 
allel processing, Such as 3D graphics, control, array proces 
Sors, neural networks, and numerous other applications 
listed in the coassigned applications incorporated herein by 
reference. 

0324 Systems that have interactions with its components 
and other Systems benefit from the parallel processing 
System architecture configuration of microcomputer 10. 
Microcomputers 10 can be built upon to suit the needs of a 
System as System requirements grow. With the many com 
munication ports, commands and interactive signals can be 
directed to the proper microcomputer 10 or multiple of 
microcomputers 10 to respond to those commands and 
interactive Signals. 
0325 FIG. 35 shows the circuit diagram for the multi 
plexing data for four new three-operand instructions as well 
as other instructions. The various modes include (109) 8-bit 
immediate (short immediate), integer immediate (signed and 
unsigned), floating point immediate, direct, indirect, and 
long immediate. Short immediate and indirect (integer and 
floating point) are used by the four new three-operand 
instructions. The multiplexer for register mode is contained 
in the register file. 
0326 FIG. 36a illustrates the circuit diagram used to 
count the three instructions fetched after a delayed instruc 
tion, including delayed trap (LAT) and delayed Repeat 
Block (APTBO). The counter is reset by (DLYBR) when 
ever a delayed instruction is decoded. The counter counts 
every time the Program Counter is updated. By keeping 
track of the program counter updates, wait States are inserted 
due to pipeline conflicts. Pipeline conflicts occur when a task 
takes more than one System clock cycle to complete. 
0327 FIG. 36b illustrates a circuit with an incrementer 
used for the delayed trap instruction. When the fetch of the 
third instruction after a delayed trap begins, the program 
counter (PC) is located with the trap vector. PC+4 needs to 
be stored in PC+4 register 210 since the program needs to 
return to PC+4. The PC is at PC+3 and the incrementer 
shown in FIG. 36b increments to PC+4 before being stored 
in Stock memory. 
0328. Although the invention has been described in detail 
herein with reference to its preferred embodiment, it is to be 
understood that this description is by way of example only, 
and is not to be construed in a limiting Sense. It is to be 
further understood that numerous changes in the details of 
the embodiments of the invention, and additional embodi 
ments of the invention, will be apparent to, and may be made 
by, perSons of ordinary skill in the art having reference to 
this description. It is contemplated that Such changes and 
additional embodiments are within the Spirit and true Scope 
of the invention as claimed below. 

What is claimed is: 
1. A data processing device comprising: 
a storage circuit accessible by assertion of addresses; 
an arithmetic logic unit, connected to Said Storage circuit, 

operative to perform an arithmetic operation on data 
received by Said arithmetic unit; 

an address register for Storing an initial address word 
indicative of a storage circuit address, 
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an instruction decode and control unit, connected to Said 
Storage circuit and having an instruction register opera 
tive to hold a program instruction, Said instruction 
decode and control unit operative to decode the pro 
gram instruction into control Signals to control the 
operations of the data processing device and location 
codes to control data transferS according to predeter 
mined Sections of the program instruction wherein at 
least one of the Sections includes a location Section 
Selecting Said address register and a displacement Sec 
tion containing address data; and 

an address generating unit, connected to Said Storage 
circuit, Said instruction register, and Said address reg 
ister responsive to the control Signals from Said instruc 
tion decode and control unit combining the initial 
address word from Said address register and the address 
data from the displacement Section to generate a Stor 
age circuit address. 

2. The data processing device of claim 1 wherein the 
instruction register Section includes a register Section 
decoded to Select a data register containing data for Said 
arithmetic logic unit. 

3. The data processing device of claim 1 wherein the 
instruction register includes an immediate Section decoded 
to contain immediate data for Said arithmetic logic unit. 

4. The data processing device of claim 3 wherein Said 
arithmetic logic unit further comprises a multiplexer having 
a first input connected to Said Storage circuit and a Second 
input connected to the output of Said instruction decode and 
control unit. 

5. The data processing device of claim 1 wherein the 
instruction register includes a register Section decoded to 
Select a data register for Storing data resulting from an 
arithmetic operation by Said arithmetic logic unit. 

6. The data processing device of claim 5 wherein the 
instruction register includes Sections decoded to Select at 
least three data locations. 

7. The data processing device of claim 5 further compris 
ing an address register file and a data register file wherein 
Said instruction decode and control unit is operative to 
provide control Signals for Selecting the register files. 

8. The data processing device of claim 7 wherein said 
address generating unit includes a first and a Second auxil 
iary arithmetic logic unit each connected to Said Storage 
circuit and the address register file for concurrently gener 
ating Storage addresses. 

9. The data processing device of claim 7 wherein the data 
register file, connected to Said arithmetic logic unit, is 
operative to Store data for Said arithmetic logic unit. 

10. The data processing device of claim 7 wherein said 
arithmetic logic unit further comprises a multiplexer having 
a first input connected to Said Storage circuit and a Second 
input connected to the data register. 

11. The data processing device of claim 1 further com 
prising: 

an address bus connected to Said address generating unit 
and Said Storage circuit, and 

a data bus connected to Saidarithmetic logic unit and Said 
Storage circuit. 

12. A data processing device comprising: 
a memory having a plurality of addressable memory 

locations, 
an arithmetic logic unit, connected to Said memory, opera 

tive to perform an arithmetic operation on operands 
received by Said arithmetic unit; 
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a data register, connected to Said arithmetic logic unit, 
operative to Store a register operand for Said arithmetic 
logic unit; and 

an instruction decode and control unit, connected to Said 
memory and Said arithmetic logic unit, having an 
instruction register operative to hold a program instruc 
tion, Said instruction decode and control unit operative 
to decode the program instruction into control Signals 
to control the operations of the data processing device 
and to Select at least two operands for Said arithmetic 
logic unit according to Sections of the program instruc 
tion wherein the Sections include a register Section 
Selecting Said data register for Said register operand and 
an immediate data Section containing an immediate 
operand. 

13. The data processing device of claim 12 wherein the 
instruction register includes Sections decoded to Select at 
least three data locations. 

14. The data processing device of claim 12 further com 
prising a data register file wherein Said instruction decode 
and control unit is operative to provide control Signals for 
Selecting the register file. 

15. The data processing device of claim 14 wherein the 
data register file, connected to Said arithmetic logic unit, is 
operative to Store data for Said arithmetic logic unit. 

16. The data processing device of claim 12 further com 
prising a data bus connected to Saidarithmetic logic unit and 
Said memory. 

17. The data processing device of claim 12 wherein said 
arithmetic logic unit further comprises a multiplexer having 
a first input connected to Said memory and a Second input 
connected to the output of Said instruction decode and 
control unit. 

18. The data processing device of claim 14 wherein said 
arithmetic logic unit further comprises a multiplexer having 
a first input connected to Said memory and a Second input 
connected to the data register. 

19. A data processing System comprising: 
a data processing device including: 

a storage circuit accessible by assertion of addresses; 
an arithmetic logic unit, connected to Said memory, 

operative to perform an arithmetic operation on data 
received by Said arithmetic unit; 

an address register for Storing an initial address word 
indicative of a Storage circuit address, 

an instruction recode and control unit, connected to 
Said Storage circuit having an instruction register 
operative to hold a program instruction, Said instruc 
tion decode and control unit operative to decode the 
program instruction providing control Signals to con 
trol the operations of the data processing device and 
to specify locations for data transferS according to 
fields of the program instruction wherein at least one 
of the fields include a location Section that Specifies 
Said address register and a displacement Section 
containing address data; and 

an address generating unit, connected to Said Storage 
circuit, Said instruction register, and Said address 
register responsive to the control Signals from Said 
instruction decode and control unit combining the 
initial address word from Said address register and 
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the address data from the displacement Section to 
generate the new Storage circuit address, and 

a circuit card having external terminals, connected to the 
data processing System, operative to exchange data 
Signals between the data processing System and the 
external terminals. 

20. The data processing system of claim 19 further 
comprising a host microprocessor, connected to Said data 
processing device, operative to provide control and data 
Signals for controlling the operation of the data processing 
System. 

21. The data processing system of claim 19 further 
comprising a memory having a plurality of addressable 
locations connected to Said data processing device. 

22. The data processing System of claim 21 further 
comprising a memory controller connected to Said memory 
and Said data processing device, operative to provide control 
Signals for controlling access to the addressable locations. 

23. The data processing system of claim 19 further 
comprising communication devices connected to Said data 
processing device operative to exchange data Signals 
between the data processing System and the external termi 
nals. 

24. A data processing System comprising: 
a data processing device including: 

a memory having a plurality of addressable memory 
locations, 

an arithmetic logic unit, connected to Said memory, 
operative to perform an arithmetic operation on 
operands received by Said arithmetic unit; 

a data register, connected to Said arithmetic logic unit, 
operative to Store a register operand for Said arith 
metic logic unit; and 

an instruction decode and control unit, connected to 
Said memory and Said arithmetic logic unit, having 
an instruction register operative to hold a program 
instruction, Said instruction decode and control unit 
operative to decode the program instruction into 
control Signals to control the operations of the data 
processing device and to Select at least two operands 
for Saidarithmetic logic unit according to Sections of 
the program instruction wherein the Sections include 
a register Section Selecting Said data register for Said 
register operand and an immediate data Section con 
taining an immediate operand; 

a coprocessor, connected to Said data processing device, 
operative to provide control and data Signals for con 
trolling the operation of the data processing System; 
and 

a peripheral device, connected to Said coprocessor, opera 
tive to provide communication and data Signals for 
eXchanging data and Status Signals between Said data 
processing System and another data processing System. 

25. The data processing system of claim 24 further 
comprising another data processing device connected to Said 
first named data processing, said coprocessor, and Said 
peripheral device operative to process data received from 
Said connected devices and Said coprocessor. 
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26. The data processing System of claim 24 further 
comprising a circuit board having external terminal con 
nected to Said data processing device, Said coprocessor and 
Said peripheral device. 

27. A method of operating a data processing device 
comprising the Steps of: 

Storing data in a memory accessible by assertion of 
addresses; 

performing an arithmetic operation on data received by an 
arithmetic logic unit; 

decoding a program instruction into control Signals to 
control the operations of the data processing device and 
location codes to control data transferS according to 
predetermined Sections of the program instruction 
wherein at least one of the Section includes a location 
Section Selecting Said address register and a displace 
ment Section containing address data; and 

generating addresses responsive to the control signals 
from Said instruction decode and control unit by com 
bining an address word from Said address register and 
the address data from the displacement Section. 

28. The method of claim 27 further comprising the step of 
decoding the program instruction to Select a data register 
containing data for Said arithmetic logic unit. 

29. The method of claim 27 further comprising the step of 
decoding the program instruction to Select immediate data 
contained in a Section of the program instruction. 

30. The method of claim 27 further comprising the step of 
multiplexing a first input from the memory and a Second 
input from an output of the decoded program instruction to 
an input of Said arithmetic logic unit. 

31. A method of operating a data processing device 
comprising the Steps of: 

Storing data in a memory accessible by assertion of 
addresses; 

performing an arithmetic operation on data received by an 
arithmetic logic unit; 

Storing data in a data register So that Said arithmetic logic 
unit operates on the data Stored in Said data register; and 

decoding a program instruction into control Signals to 
control the operations of the data processing device and 
to Select at least two operands for Said arithmetic logic 
unit according to Sections of the program instruction 
wherein the Sections include a register Section Selecting 
Said data register for Said register operand and an 
immediate data Section containing an immediate oper 
and. 

32. The method of claim 31 further comprising the step of 
multiplexing a first input from Said memory and a Second 
input from an output of the decoded program instruction to 
an input of Said arithmetic logic unit. 

33. The data processing device of claim 31 further com 
prising the Step of multiplexing a first input from Said 
memory and a Second input from the data register to an input 
of Said arithmetic logic unit. 


