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(571 ABSTRACT

A computer is provided as an add-on processor for
attachment to a host computer. Included are a single
data bus, a 32-bit arithmetic logic unit, a data stack, a
return stack, a main program memory, data registers,
program memory addressing logic, micro-program
memory, and a micro-instruction register. Each ma-.
chine instruction contains an opcode as well as a next
address field and subroutine call/return or uncondi-
tional branching information. The return address stack,
memory addressing logic, program memory, and micro-
coded control logic are separated from the data bus to
provide simultaneous data operations with program
control flow processing and instruction fetching and
decoding. Subroutine calls, subroutine returns, and un-
conditional branches are processed with a zero execu-
tion time cost. Program memory may be written as
either bytes or full words without read/modify/write
operations. The top of data stack ALU register may be
exchanged with other registers in two clock cycles
instead of the normal three cycles. MVP-FORTH is
used for programming a microcode assembler, a cross-
compiler, a set of diagnostic programs, and microcode.

9 Claims, 90 Drawing Sheets
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9
since it takes a full clock cycle for the effects to flow
through the microcode pre-fetch pipe. (3) The DE-
CODE micro-operation, which conditionally sets MPC
76, must also be used in the next-to-last microinstruction
in a microcoded operation. This limits the minimum
microcoded operation length to 2 clock cycles.

Also, the microassembler forces a JMP=000 micro-
operation whenever the END micro-operation is used.
This ensures that the 0 location of the page for a micro-
coded operation is the first microinstruction executed.

Board Interconnection

FIGS. 20 and 21 identify two ribbon cables which are
used to make connections between the two circuit
boards. In particular FIG. 20 identifies a 24-connector
ribbon cable 104, which connects from the baseboard
side, shown on the left, to the expansion board side,
shown on the right of the figure. FIG. 21 shows the use
of a 16-connector ribbon cable 106 for making similar
connections between the two boards. FIG. 22 shows
the preferred integrated circuit layout on a base board
108, while FIG. 23 shows the corresponding integrated
circuit layout on an expansion board 110. The numbers
on each of the illustrated integrated circuit outlines
identify the integrated circuit numbers shown in FIGS.
2-21.

SYSTEM SOFTWARE

Computer 30 in this preferred embodiment uses vari-
ous software packages, including a FORTH kernel, a
cross-compiler, a microassembler, as well as microcode.
The software for these packages. Written using MVP-
FORTH, are listed in Appendix A. Further, the micro-
code format is defined in Appendix B as Table 1e-1d.
Some general comments about the software are in or-
der.

The Cross-Compiler

The cross-compiler maintains a sealed vocabulary
with all the words currently defined for computer 30.
At the base of this dictionary are special cross-compiler
words such as IF EL.SE THEN : and ; . After cross-
compilation has started, words are added to this sealed
vocabulary and are also cross-compiled into computer
30. Whenever the keyword CROSS-COMPILER is
used, any word definitions constants, variables, etc. will
be compiled to computer 30. However, any immediate
operations will be taken from the cross-compiler s vo-
cabulary, which is chained to the normal MVP-
FORTH vocabulary.

By entering the FORTH word {, the cross-compiler
enters the immediate execution mode for computer 30.
All words are searched for in the sealed vocabulary for
computer 30 and executed by computer 30 itself. The
“START ...” “END” that is displayed indicates the
start and the end of execution of computer 30. If the
execution freezes in between the start and end, that
means that computer 30 is hung up. The cross-compiler
builds a special FORTH word in computer 30 to exe-
cute the desired definition, then perform a HALT in-
struction. Entering the FORTH word } will leave the
computer 30 mode of execution and return to the cross-
compiler. No colon definitions or other creation of
dicti§nary entries should be performed while between {
and ;.

The FORTH word BOARD will automatically
transfer control of the system to computer 30 via its
COLD command. The host MVP-FORTH will then
execute an idle loop waiting for computer 30 to request
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services. The word BYE will return control back to the
host’s MVP-FORTH.

The current cross-compiler can not keep track of DP,
etc., in computer 30 if it is out of sync with the cross-
compiler’s copy. This means that no cross-compiling or
microassembly may be done after the FORTH of com-
puter 30 has altered the dictionary in any way. This
could be fixed at a later date by updating the cross-com-
piler’s variables from computer 30 after every BYE
command to computer 30.

Cross-compiled code should be kept to a minimum,
since it is tricky to write. After a bare minimum kernel
is up and running, computer 30 should do all further
FORTH compilation.

The Microassembler

The microassembler is a tool to save the programmer
from having to set all the bits for microcode by hand. It
allows the use of mnemonics for setting the micro-oper-
ation fields in a microinstruction, and, for the most part,
automatically handles the microinstruction addressing
scheme.

The microassembler is written to be co-resident with
the cross-compiler. It uses the same routines for com-
puter 30 and sealed host vocabulary dictionary han-
dling, etc. Currently all microcode must be defined
before the board starts altering its dictionary, but this
could be changed as discussed above.

In the terminology used here, a microinstruction is a
32-bit instruction in microcode. while a micro-operation
is formed by one or more microcode fields within a
single microinstruction.

Tables 1a~1d in Appendix B give a quick reference to
all the hardware-defined microinstruction fields sup-
ported by the microassembler. Since the microcode
layout is very horizontal, you can find a direct relation-
ship between bit settings and control line inputs to vari-
ous chips on the board. The fields in the 32-bit microin-
struction format will be explained by discussing exam-
ples from the kernel’s microcode. As with most hori-
zontally microcoded machines, as many micro-opera-
tions as desired may take place at the same time, al-
though some operations don’t do anything useful when
used together.

Microcode Definition Format

The microassembler has a few keywords to make life
easier for the microprogrammer. The Word OP-
CODE: starts a microcode definition. The input param-
eter is the page number from O - OFF hex that the
op-code resides in. For example, the word == is op-code
7. This means that whenever computer 30 interprets a
hex FFO07 as an op-code, the word =% will be executed
in microcode. The character string after OP-CODE: is
the name of the op-code that will be added to the cross-
compiler and computer 30 dictionaries. It is the pro-
grammer’s responsibility to insure that he does not as-
sign two op-codes to the same micromemory page.

The variable CURRENT-PAGE contains the page
currently assigned by OP-CODE: It may be changed to
facilitate multi-page definitions. See MPC control be-
low.

The word :: signifies the start of the definition of a
microinstruction. The number before :: must be from 0
to 7, and signifies the offset from 0 to 7 within the cur-
rent micromemory page for that microinstruction. Mi-
croinstructions may be defined in any order desired.

The word ;; signifies the -end of a microinstruction
and stores the microinstruction into the appropriate
location in micromemory.
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1

STACK-MEMORY-BASED WRITABLE
INSTRUCTION SET COMPUTER HAVING A
SINGLE DATA BUS

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates to general purpose data proces-
sors, and in particular, to such data processors having a
writable instruction set with a hardware stack.

This invention is based upon the groundwork laid by
our previous CPU/16 patent application Ser. No.
031,473 filed on Mar. 24, 1987, also assigned to the same
assignee.

Since the advent of computers, attempts have been
made to make computers smaller, with increased mem-
ory, and with faster operation. Recently, minicomput-
ers and microcomputers have been built which have the
memory capacity of original mainframe computers.
Most of these computers are referred to as “‘complex
instruction set” computers. Because of the use of com-
plex instruction sets, these computers tend to be rela-
tively slow in operation as compared to computers
designed for specific applications. However, they are
able to perform a wide variety of programs because of
their ability to process instruction sets corresponding to
the source programs run on them.

More recently, “reduced instruction set” computers
have been developed which can execute programs more
quickly than the complex instruction set computers.
However, these computers tend to be limited in that the
instruction sets are reduced to only those instructions
which are used most often. Infrequently used instruc-
tions are eliminated to reduce hardware complexity and
to increase hardware speed. Such computers provide
limited semantic efficiency in applications for which
they are not designed. These large semantic gaps cannot
be filled easily. Emulation of complex but frequently
used instructions is always a less efficient solution and
significantly reduces the initial speed advantage of such
machines. Thus, such computers provide limited gen-
eral applicability.

The present invention provides a computer having
general purpose applicability by increasing flexibility
while providing substantially improved speed of opera-
tion by minimizing complexity as compared to conven-
tional computers. The invention provides this in a way
which uses simple, commonly available components.
Further the invention minimizes hardware and software
tool costs.

More specifically, the present invention provides a
computer having a main program memory, a writable
micro-program memory, an arithmetic logic unit, and a
stack memory, all connected to a single common data
bus. In a preferred embodiment, this invention provides
a computer interface for use with a host computer.
Further, more specifically, both a data stack and a sub-
routine return address stack are provided, each associ-
ated with a pointer which may be set to any element in
the corresponding stack without affecting the contents
of the stack. Further, there is a direct communication
link between the return stack and the main program
memory addressing logic, and a direct link between the
main program memory and the microcode memory
which is separate from the data bus. This provides over-
lapped instruction fetching and executing, and allows
the processing of subroutine calls in parallel with other
operations. This parallel capability provides for zero-
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2

time-cost (i.e. “free”) subroutine calls not possible with
other computer architectures.

A major innovation of the present invention over
previous writable instruction set, hardware stack com-
puters is the use of a fixed-length machine instruction
format that contains an operation code, a jump or return
address, and subroutine calling control bits. This inno-
vation, when combined with the direct connection of
the return address stack to memory, the use of a hard-
ware data stack, and other design considerations, allows
the machine to process subroutine calls, subroutine
returns and unconditional branches in parallel with
normal instruction processing. Programs which follow
modern software doctrine use a large number of small
subroutines with frequent subroutine calls. The impact
of processing subroutine calls in parallel with other
computations is to encourage following modern soft-
ware doctrine by eliminating the considerable execution
speed penalty imposed by other machines for invoking
a subroutine.

As a result of the combination of a next instruction
address with the opcode for each instruction, the pre-
ferred embodiment does not have a program counter in
the traditional sense. Except for subroutine return in-
structions, each instruction contains the address of the
next instruction to be executed. In the case of a subrou-
tine return, the next instruction address is obtained from
the top value on the return address stack. While this
technique is commonly employed at the micro-program
level, it has never been used in a high-level language
machine. In particular, it has never been used on any
machine for the express purpose of processing subrou-
tine calls in parallel with other high level machine oper-
ations.

A consequence of the availability of “free” subrou-
tine calls combined with a writable instruction set is a
shift of paradigm from the programmer’s point of view,
opening the as yet unexploited possibility of new meth-
ods for writing programs. Conventional computers are
viewed by the programmer as executing sequential
arrangements of instructions with occasional branches
or subroutine calls. Each list is conceived of as directly
executing machine functions (although a layer of inter-
pretation may be hidden from the programmer by the
hardware.) In a writable instruction set computer with
hardware stacks and zero-cost subroutine calls, pro-
grams are viewed as a tree-structured database of in-
structions, in which the *“‘root” of the tree consists of a
group of pointers to sub-tree nodes, each sub-tree node
consists of another group of pointers to further nodes,
and so on out to the tree “leaves” which contain instruc-
tions instead of pointers. Flow of control is not viewed
as along sequences of instructions, but rather as flow
traversing a tree structure, from roots to leaves and then
up and down the tree structure in a manner to visit the
leaves in sequential order. In the case of this preferred
embodiment, the tree structure nodes consist of subrou-
tine call pointers, and the leaves consist of" effectively
subroutine calls into microcoded primitives. Due to the .
capability of combining an instruction opcode with a
subroutine call, greater efficiency is realized with this
design than with what could be realized with a pure tree
machine that could only execute operations or process
subroutine calls (but not both) with each instruction.

A preferred ALU made in accordance with the in-
vention has a register (the data hi register) on one input
for holding intermediate results. On the other input side
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is a transparent latch (implemented in the preferred
embodiment with standard 74ALS373 integrated cir-
cuits) that can either pass data through from the data
bus, or retain data present on the bus on the previous
clock cycle. This retention capability, along with the
capability to direct the contents of the ALU register
directly to the bus, allows exchanging the data hi regis-
ter with the data stack or other registers in two clock
cycles instead of the three clock cycles which would be
required without this innovation. Since exchanging the
top two elements of the data stack is a common opera-
tion, this results in a substantial increase in processing
speed with very little hardware cost over having multi-
ple intermediate storage registers.

In the preferred embodiment of the invention, a four-
way decoder is used to control individual 8-bit banks of
the 32-bit program memory. This, combined with data
flow logic in the interface between the program mem-
ory and the data bus, allows individual access to modifi-
cation of any byte value in program memory with a
single write operation. Conventional computers require
a full width memory read, 8-bit modification of the data
within a temporary holding register, and a full width
memory write operation to update a byte in memory,
resulting in substantially slower speeds for such opera-
tions. While the preferred embodiment employs this
new technique to modify 8 bits of a 32 bit word, this
technique is generally applicable to accessing any subset
of bits within any length of memory word.

The combination of appropriate software shown in
Appendix A that exploits the simultaneous processing
of conditional branching opcodes with subroutine calls
and the use of hardware stacks combine to form an
exceptionally efficient expert system inference engine.
An expert system rule base typically is formed by a
nested list of “rules” which can invoke other rules via
subroutine calls that are only activated under certain
conditions. The capability of the preferred embodiment
to simultaneously process each rule-oriented subroutine
call while evaluating the conditions under which the
subroutine call will either be allowed to proceed or will
be aborted greatly speeds up processing of expert sys-
tem programs. Expert systems can run at speeds of over
600,000 inferences per second on the preferred embodi-
ment using a 150ns clock cycle, which is a substantial
improvement over existing general purpose computers,
and in fact over most special purpose computers.

It will be seen that such a computer offers substantial
optimization of throughput while maintaining flexibil-
ity. It is also predicted that use of such a machine will
positively influence programs and programming lan-
guages to have improved structure and lower develop-
ment cost by not penalizing the modern software princi-
ple of breaking programs up into small subroutines.

These and other advantages and features of the inven-
tion will be more clearly understood from a consider-
ation of the drawings and the following detailed de-
scription of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the associated sheets of drawings:

FIGS. 1 and 2 are a system block diagram showing a
preferred embodiment made according to the present
invention;

FIGS. 3 through 89 show the detailed schematics of
the embodirrent of FIGS. 1 and 2 organized into groups
of compone s placed on five separate printed circuit
boards in t:  sreferred embodiment, and;
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FIGS. 90 through 95 show a preferred placement of
the integrated circuits for FIGS. 3 through 89 on 5
expansion boards for use in conjunction with a host
computer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT SYSTEM
HARDWARE

Referring initially to FIG. 1 and FIG. 2, a system
overview of the hardware of a writable instruction set
computer 100 made according to the present invention
is shown. Computer 100 includes a single 32-bit system
data bus 101. An interface assembly 102 is coupled to
bus 101 for interfacing with a host computer 103, which
for the preferred embodiment is an IBM PC/AT, made
by International Business Machines, Inc., or equivalent
personal computer. Assembly 102 includes a bus inter-
face transceiver 104, an 8-bit status register 105 for
requesting host services, and an 8 bit service request
register 106 for the host to request services of computer
100. In the preferred embodiment, the host interface
adapter 107 provides the necessary 8 bit host to 32 bit
computer data sizing changes. Hosts in other embodi-
ments would not necessarily be restricted to an 8-bit
interface.

Memory stack means are provided in the form of a
data stack 108 and a return address stack 109. Each
stack is organized in the preferred embodiment as 4
kilowords of 32 bits per word. Each stack has an associ-
ated pointer. Specifically, a data stack pointer 110 is
associated with data stack 108, and a return stack
pointer 111 is associated with return stack 109. As can
be seen, each stack pointer receives as input the low 12
bits from bus 101 and has its output connected to the
address input of the corresponding stack, as well as
through a transmitter 112 or 113 to bus 101. The data
stack data inputs and outputs are buffered through
transceiver 114 to provide for better current driving
capability. The return stack data may be read from or
written to the data bus 101 through the transceiver 116.
In addition, the return stack data may be read from the
address counter 117 or written to the address latch 118.

The RAM address latch 118 and the next address
register 119 are the two possible sources for the low 23
bits of address to the program memory (RAM) 121. The
bits 23~30 of program memory address are provided by
a page register 120, allowing up to 2 gigabytes of ad-
dressable program memory organized as a group of
non-overlapping 8 megabyte pages. When fetching an
instruction based on an unconditional branch or subrou-

" tine call specified by the address field of the previous
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instruction, the next address register 119 is used to ad-
dress memory 121. For subroutine calls, the contents of
the address counter 117 are loaded with the address of

‘the calling program, incremented by 4, and saved in the

return stack 109 for use upon subroutine return. The
return pointer 111 is decremented before writing to
return stack 109.

Upon subroutine return, return stack 109 provides an
address through RAM address latch 118 to address
program RAM 121. RAM address latch 118 retains the
address while return stack pointer 111 is incremented to
pop the return address off the return stack. In jump,
subroutine call, and subroutine return operations, the
instruction fetched from program RAM 121 is stored in
next address register 119 and the instruction latch 125 at
the end of the fetching operation. Thus, each instruction
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directly addresses the next instruction through the next
address register 119 and program RAM 121.

It should be noted that the address counter 117 and
next address register 119 are not used as a program
counter in the conventional sense. In conventional com-
puters, the program counter is a hardware device used
as the primary means of generating addresses for pro-
gram memory whose normal operation is to increment
in some manner while accessing sequential instructions.
In computer 100, the next address register 119 is a sim-
ple holding register that is used to hold the address of
the next instruction to be fetched from memory. The
value of the next address register 119 is determined by
an address field contained within the previous instruc-
tion executed, NOT from incrementing the previous
register value. The address counter 117 is not directly
involved in computing instruction addresses; it is only
used to generate subroutine return addresses. Thus,
computer 100 uses address information in each instruc-
tion to determine the address of the next instruction to
be executed for high level language programs.

Program RAM 121 is organized as a 32-bit program
memory addressable for full-words only on evenly di-
visible by 4 byte addresses. Computer 100 provides a
minimum quantity of 512 kilobytes of program memory,
with expansion of up to 8 megabytes of program mem-
ory possible. A minor modification of the memory ex-
pansion boards, employed to allow for decoding more
boards, allows use of up to 2 gigabytes of program
memory. Program memory words of 32 bits are read
from or written to the data bus 101 through transceiver
123. Additionally, single byte values with the high 24
bits set to 0 may be read and written to any byte (within
each 32-bit word) in memory through the byte address-
ing and data routing block 122. -

Provisions have been made to incorporate a mi-
crocode-controlled floating point math coprocessor 124
into the design, but such a processor has not yet been
implemented in the preferred embodiment. The floating
point coprocessor 124 would take its instructions not
from a separate microcode memory, as is the usual de-
sign practice, but rather directly from program mem-
ory.

The thirty-two bit arithmetic logic unit (ALU) 126
has its A input connected to a data high register (DHI)
127 and its B input connected to the data bus 101
through a transparent latch 128. The output of the ALU
126 is connected to a multiplexer 129 that provides for
data pass-through, single bit shift left and shift right
operations, and a byte rotate right operation. The out-
put of ALU 126 is always fed back into the DHI register
127. The DHI register 127 is connected to data bus 101
through a data transmitter 130.

A data low register (DLO) 131 is connected via a
bidirectional path to the data bus 101, and its shift in/out
signals are connected to the multiplexer 129 to provide
a 64-bit shifting capability.

The opcode portion of program RAM 121 is con-
nected to instruction latch 125 for the purpose of hold-
ing the next opcode to be executed by the machine. This
instruction latch 125 is decoded according to existing
interrupt information from interrupt register 126 and
conditional branching information from the condition
code register 127 to form the contents of the micro-pro-
gram counter 129. The micro-program counter 129
forms a 12 bit address into micro- program memory 131.
The three low bits of the address into micro-program
memory 131 are generated from a combination of the
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micro-address constant inputs and decoding of the con-
dition select field to allow for conditional branching.
The contents of the output of the decoding/address
logic 128 and the micro-program counter 129 may be
read to data bus 101 for diagnostic and interrupt pro-
cessing,purposes through bus driver 130.

Micro-program memory 131 is a 32-bit high speed
memory of 4 kilowords in length. Its data may be read
or written to data bus 101 through transceiver 132,
providing a writable instruction set capability. During
program execution, its data is fed into the micro-instruc-
tion register 133 to provide control signals for opera-
tion. Micro-instruction register 133 may be read to data
bus 101 through transmitter 134 for diagnostic purposes.

The detailed schematics of the various integrated
circuits forming computer 100 are shown in FIGS.
3-89. Narrative text preceding each group of figures
gives descriptions of each signal mnemonic used in the
schematics. Other than to identify general features of
these circuits, they will not be described in detail, the
detail being ascertainable from the hardware them-
selves. However, some general comments are in order.

Computer 100 in its preferred embodiment is de-
signed for construction on five boards which take five
expansion slots in a personal computer. It is addressed
with conventional 8088 microprocessor IN and OUT
port instructions. It uses 32-bit data paths and 32- bit
horizontal microcode (of which bits only 30 are actually
used.) It operates on a jumper- and crystal-oscillator
controlled micro-instruction cycle period which is pref-
erably set at 150 ns. Most of the logic is the 74ALS
series. The ALU is composed of eight 74F181 inte-
grated circuits with carry-lookahead logic. Stack and
microcode memory chips are 35 ns CMOS 4-bit chips.
Program memory is 120 ns low power CMOS 8-bit
memory chips. Since simple primitives are only two
clock cycles long, this gives a best case operating speed
of 3.3 million basic high level stack operations per sec-
ond (MOPS). In actual program operation, the average
instruction would take just over two cycles, exclusive
of complex micro-instructions such as multiplication,
division, block memory moves, etc. This, combined
with the fact that subroutine calls are zero-cost opera-
tions when combined in an instruction with an opcode,
gives an average operational speed of approximately 3.5
MOPS.

Variable benchmarks show speed increases of 5 to 10
times over an 80286 running at 8 MHz with zero-wait-
state memory. An expert system benchmark shows an
even more impressive performance of in excess of
640,000 logical inferences per second.

Instruction decoding requires a 2-cycle minimum on
a microcode word definition.

SUMMARY OF FIGURES

The following is a summary of the figures that will be
referred to in the detailed description of the preferred
embodiment. The figures are organized into general
block diagrams and five groups corresponding to the
five printed circuit boards in the preferred embodiment.

FIGURE FILE DESCRIPTION
NUMBER NAME OF CONTENTS
SYSTEM BLOCK DIAGRAM

1 SBLOCK ALU AND MEMORY AD-
DRESS BLOCK DIAGRAM
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-continued -continued
FIGURE FILE DESCRIPTION FIGURE FILE DESCRIPTION
NUMBER NAME OF CONTENTS NUMBER NAME OF CONTENTS

2

MBLOCK

INSTRUCTION DECOD-
ING AND HOST INTERFACE
BLOCK DIAGRAM

HOST ADAPTER BOARD

N bW

11

12

13
14

HOST!I
HOST2
HOST3
HOST4
HOSTS
HOST6

HOST7
HOSTS

HOST9

HOST10

CONI1
CON3

HOST ADDRESS DECODER
READ/WRITE DECODER
DMA CONTROL LOGIC
DATA WIDTH CONVERTER
FROM HOST

DATA WIDTH CONVERTER TO
HOST

DATA WIDTH CONVERTER
CONTROL LOGIC

HOST DATA BUS BUFFER
CONTROL SIGNAL TRANS-
MITTER - 1

32-BIT DATA SIGNAL BUS
TERMINATORS

CONTROL SIGNAL
TRANSMITTER -2

HOST EDGE CONNECTOR
HOST TO CPU/32 RIBBON
CABLES

The signal descriptions for the host adapter (HOST) board are
listed in Appendix D on pages 1 and 2.
HOST INTERFACE & STACK MEMORY BOARD

15
16
17

18
19

22
23
24
25
26
27
28
29
30
31
32
33
34
35

36

37

38

39

40

MRAM!
MRAM?2
INT1

INT2
INT3

INT4
MISC1

MISC2
MISC3
MISC4
STACKI1
STACK2
STACK3
STACK4
STACKS
STACK6
STACK?7
STACKS
STACKS
STAKI0
CON2

CON3
CON4
CONS5
CON6

CONS

MICRO-PROGRAM (0-7)
MICRO-PROGRAM (8-15)
STATUS & SERVICE REQUEST
REGS

DATA BUFFER TO/FROM HOST
CONTROL SIGNAL SIGNAL
BUFFER - 1

CONTROL SIGNAL BUFFER - 2
SYSTEM CLOCK
GENERATOR/OSCILLATOR
CLOCK CONDITIONING

BUS SOURCE & DEST DECODERS
MRAM CONTROL LOGIC
DATA STACK POINTER

DATA STACK RAM (0-7)
DATA STACK RAM (8-15)
DATA STACK RAM (16-23)
DATA STACK RAM (24-31)
RETURN STACK POINTER
RETURN STACK RAM (0-7)
RETURN STACK RAM (8-15)
RETURN STACK RAM (16-23)
RETURN STACK RAM (24-31)
DATA & CONTROL BUS RIBBON
CABLES

HOST TO CPU/32 RIBBON
CABLES

DATA TO INTERFACE
BOARD RIBBON CABLE
INTERFACE TO ADDRESS
BOARD RIBBON CABLE “A”
INTERFACE TO ADDRESS
BOARD RIBBON CABLE “B”
PC-BUS POWER/GND

The signal descriptions for the host interface and stack
memory (INT) board are listed in Appendix D on pages 3-6.
ALU & DATA PATH BOARD

41
424, 42B
43A,43B

MRAM3
DATALI
DATA2

. DATA3

DATA4
DATAS
DATAS6
DATA7
DATAS
DATAS

CON2

CON4

CON9

MICRO-PROGRAM BITS (16-23)
ALU (0-7)

ALU (8-15)

ALU (16-23)

ALU (24-31)

ALU CARRY-LOOKAHEAD

DLO REGISTER

ALU ZERO DETECT

SHIFT INPUT CONDITIONING
ALU FUNCTION CONDITIONING
FOR DIVISION ‘

DATA & CONTROL BUS RIBBON
CABLES

DATA TO INTERFACE BCARD
RIBBON CABLE

" PC-BUS POWER/GND

20

25

30

45

50

55

60

65

The signal descriptions for the ALU and data path (DATA)
board are listed in Appendix D on pages 7-9.
MEMORY ADDRESS & MICROCODE CONTROL BOARD

54 MRAM4 MICRO-PROGRAM BITS (24-31)
ADDRI1 intentionally omitted
ADDR2 intentionally omitted

55 ADDR3 RAM ADDRESS LATCH

56 ADDR4 ADDRESS COUNTER (2-9)

57 ADDRS ADDRESS COUNTER (10-17)

58 ADDRS6 ADDRESS COUNTER (18-31) & (0-1)

59 ADDR7 NEXT ADDRESS & PAGE
REGISTERS

60 ADDRS RETURN STACK CONTROL
LOGIC

61 CONT1 INSTRUCTION REGISTER &
MICRO-PROGRAM COUNTER

62 CONT2 INTERUPT FLAG REGISTER

63 CONT3 COMDITION CODE REGISTER

64 CONT4 INTERRUPT MICRO-ADDRESS
REGISTER

65 CONTS MISC CONTROL LOGIC

66 RAMI RAM DATA TO BUS INTERFACE
(0-7)

67 RAM2 RAM DATA TO BUS INTERFACE
(8-15)

68 RAM3 RAM DATA TO BUS INTERFACE
(16-23)

69 RAM4 RAM DATA TO BUS INTERFACE
(24-31)

70 CON2 DATA & CONTROL BUS RIBBON
CABLES

71 CONS5 INTERFACE TO ADDRESS
BOARD RIBBON CABLE “A™

72 CON6 INTERFACE TO ADDRESS
BOARD RIBBON CABLE “B"

73 CON7 ADDRESS TO RAM BOARDS
RIBBON CABLE “A™

74 CONS ADDRESS TO RAM BOARDS
RIBBON CABLE “B”

75 CON9 PC-BUS POWER/GND

The signal instructions for the memory address and microcode
control (ADDR) board are listed in Appendix D on pages 10-13.
MEMORY BOARD

(Note that up to sixteen memory boards may be used within

one system)

76 MEM1 RAM DATA BUFFER

77 MEM2 RAM ADDRESS BUFFER

78 MEMS3 READ/WRITE/OUTPUT
CONTROL LOGIC

9 MEM4 RAM BANK 0 BITS (0-15)

80 MEMS5 RAM BANK 0 BITS (16-31)

81 MEMS6 RAM BANK 1 BITS (0-15)

82 MEM7 RAM BANK 1 BITS (16-31)

83 MEM8 RAM BANK 2 BITS (0-15)

84 MEM9 RAM BANK 2 BITS (16-31)

85 MEMI10 RAM BANK 3 BITS (0-15)

86 MEM11 RAM BANK 3 BITS (16-31)

87 CON7 ADDR TO MEMORY BOARD
RIBBON CABLE “A™

88 CON8 ADDR TO MEMORY BOARD
RIBBON CABLE "B"

89 CON9 PC-BUS POWER/GND

The signal instructions for the memory (MEM) board are listed
in Appendix D on page 14.

DETAILED NARRATIVE FOR THE FIGURES

The Host Interface Adapter. FIGS. 3-14 describe the
host interface adapter card (referred to as the “‘host”
card.) The host card included in the preferred embodi-
ment is suited for use in an IBM PC computer or com-
patible, but other functionally similar embodiments are
possible for use with other host computers.

FIG. 3 shows the host address bus decoding logic
used to activate the board for operation during a host
103 IN or OUT port operation. Jumpers J1 through J14
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are used to select the decoded address to any bank of
eight ports in the port address space. FIG. 4 shows the
decoders IC11 and IC12 which generate control signals
based on the lowest bits of the port addresses. In com-
mon usage, the preferred embodiment uses eight output
ports and three input ports as follows:

PORT FUNCTION

OUTPUT

300 DATA BUS (AUTOMATICALLY SEQUENCED
FOR 4 BYTES)

30t MIR (WRITE 4 TIMES JUST LIKE WRITEOQ)

302 SINGLE STEP BOARD CLOCK

303 START BOARD

304 STOP BOARD

305 SET DMA MODE

306 RESET DATA BUS SEQUENCER & DMA MODE

307 . SERVICE REQUEST REG & INTERUPT

INPUT

300 DATA BUS (AUTOMATICALLY SEQUENCED
FOR 4 BYTES)

301 MIR (READ 4 TIMES JUST LIKE READO)

302 STATUS REGISTER (8 BITS)

FIG. 5 shows the generation of control signals and
direct memory access (DMA) handshaking signals for
the host interface. The host board is capable of accept-
ing high-speed DMA transfers to or from host com-
puter 103 memory directly to and from computer 100
memory. FIGS. 6-12 show the data paths for conver-
sion between an 8-bit host 103 data bus and the 32-bit
data bus 101, as well as the buffering for data and con-
trol signals on the ribbon cables connecting the host
card to the interface card described next. FIGS. 13-14
show the connector arrangements for the host card to
host computer bus connector and for the host card to
interface card connectors.

The Interface And Stack Card. The interface and
stack card (called the interface card) described by
FIGS. 15-40 performs a dual function: It serves as the
control for bus transfers from the host card and within
computer 100 over data bus 101, and provides both the
data stack means 108 and the return stack means 109.
FIGS. 15-16 show storage for bits 0-15 of the micro-
code memory and the micro-instruction register. The
micro-instruction format is discussed in Appendix B.

FIG. 17 shows the service request register ICS58
which is used by the host.computer 103 to request one
of 255 possible programmable service types from the
computer 100. Also shown is the status register ICS7
which is used by computer 100 to signal a request for
service from host computer 103. FIGS. 18-20 show
data and control signal buffers between the host card
and the interface card.

FIGS. 21-22 show the clock generating circuits for
computer 100. Jumpers J0 through J3 in FIG. 21, along
with a socket to change the crystal oscillator used for
0OS0 allow selection of a wide range of oscillator fre-
quencies. The preferred frequency for the preferred
embodiment is 5.0 million Hertz. FIG. 22 shows that a
fast clock FASTC is generated that is several nanosec-
onds ahead in phase of the system clock XCLK for the
purpose of satisfying hold times of chips that require
data to be wvalid after the clock rising edge. FIG. 23
shows the data bus 101 source and destination decoders.
The devices in this figure generate signals to select only
one device to drive data bus 101 and one device to
receive data from bus 101. “1G. 24 shows miscellaneous
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control gates for microcode memory and the micro-
instruction register.

FIGS. 25-28 show the data stack means. The data
stack has a 12-bit up/down counter that may be incre-
mented, decremented, or loaded from data bus 101 at
the end of every clock cycle. The use of fast static RAM
chips for the stack memory itself allows the data stack
108 to be read or written and then the stack pointer 110
to be changed on each clock cycle. FIGS. 30-34 show
the return stack means. The implementation of the re-
turn stack 109 and return stack pointer 111 is very simi-
lar to that of the data stack 108 and data stack pointer
110.

FIGS. 35-40 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system and from the host adapter card.

The Data, Arithmetic, and Logic Card. The data,
arithmetic and logic card (called the data card) de-
scribed by FIGS. 41-53 performs all arithmetic and
logical manipulation of data for computer 100. FIG. 41
shows storage for bits 16-23 of the microcode memory
and the micro-instruction register. The micro-instruc-
tion format is discussed in Appendix B.

FIGS. 42A-46 show the arithmetic and logic unit
(ALU) 126, bus latch 128, data hi register 127, DHI to
data bus 100 driver 130, and ALU multiplexer 129. Data
from the DHI register 127 and/or the bus data latch 128
flows through the ALU 126 and multiplexer 129 on
each clock cycle, then is written back to the DHI regis-
ter 127. FIG. 47 shows the DLO register 131.

FIG. 48 shows the logic used to detect when the
output of the ALU is exactly zero. This is very useful
for conditional branching. FIG. 49 shows the genera-
tion of the data bus latch 128 control signal and the
shift-in bits to the DLO register 131 and the DHI regis-
ter 127. These shift-in bits are conditioned to provide
capability of one-cycle-per-bit multiplication shift-and-
conditional-add and non-restoring division algorithms.
FIG. 50 shows the conditioning of ALU 126 input con-

40 trol signals to likewise provide for efficient multiplica-
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tion and division functions.

FIGS. 51-53 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

The Address Card. The address card described by
FIGS. 54-75 performs the memory addressing func-
tions, microcoded control and branching functions, and
memory data manipulation functions for computer 100.
FIG. 54 shows storage for bits 24-31 of the microcode
memory and the micro-instruction register. The micro-
instruction format is discussed in Appendix B.

FIG. 55 shows the arrangement of the RAM address
latch 118. The RAM address latch is used to address
program memory for all non-instruction operations, for
return from subroutine operations, and passes data
through for DMA transfers with host 103. FIGS. 56-58
show the address counter 117. The address counter 117
may be incremented and passed through the address
latch 118 to step through memory one word at a time
during DMA access or block memory operations. The
address counter 117 is also incremented when perform-
ing a subroutine call operation in order to save a correct
subroutine return address in return stack 109. FIG. 59
shows the next address register 119 and page register
120. The next address register is used to store the ad-
dress field of an instruction that points to the memory
address of the next instruction during the instruction
fetch and decode operation.



5,053,952

11

FIG. 60 shows the logic used to control return stack
109 and return stack pointer 111. In particular, this logic
implements the subroutine call and return control oper-
ations for the return stack means. FIG. 61 shows the
instruction latch 125 and micro-program counter 129.
FIG. 62 shows the interrupt status register 126. Inter-
rupts are set by a processor condition pulling a “PR”
pin of IC53-IC56 low, causing the flip-flop to activate,
or by loading a one bit from data bus 101. Any one or
more active interrupts causes an interrupt at the next
instruction decoding operation. An interrupt mask bit
from IC53 pin 5 is used to allow masking of all further
interrupts during interrupt processing.

FIG. 63 shows the condition code register 127. This
register is set at the end of every clock cycle, and forms
the basis of the lowest bit of the next micro-instruction
address fetched during the succeeding clock cycle.
FIG. 64 shows a special forcing driver for the mi-
crocode-memory address that forces an opcode of 1
during interrupt recognition. FIG. 65 shows a timing
chain used to control the 2 cycle instruction fetch and
decoding operation.

FIGS. 66-69 show the RAM data to data bus 101
transfer logic shown by block 122 on FIG. 1. This trans-
fer logic allows access of arbitrary bytes within the
32-bit memory organization as well as 32-bit full word
access on evenly-divisible-by-four memory address lo-
cations.

FIGS. 70-75 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

The Memory Card. The memory card described by
FIGS. 76-89 is a single program memory 121 storage
card for computer 100. Computer 100 may have one to
sixteen of these cards in operation simultaneously to use
up to 8 megabytes of memory. :

FIG. 76 shows data buffering logic used to satisfy
current driving requirements of the memory chips. Sim-
ilarly, FIG. 77 shows address buffering logic. FIG. 78
shows the memory board selection, bank selection, and
chip selection logic. Jumpers J0-J7 may be set to map
the memory board to one of 16 non-overlapping 512
kilobyte locations within the first eight megabytes of
the available memory space. Only one memory board is
activated at a time. Once the memory board is acti-
vated, a particular bank of chips (numbered from 0-3) is
enabled selecting a 32 kiloword address within the
board. If byte memory access is being used, a single chip
within the bank is selected for a single byte operation,
otherwise all chips within the bank are enabled.

FIGS. 79-86 show the four banks of four RAM chips,

each.

FIGS. 87-89 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

SYSTEM SOFTWARE

Computer 100 in this preferred embodiment uses
various software packages, including a FORTH kernel,
a cross-compiler, a micro-assembler, as well as micro-
code. The software for these packages, written using
MVP-FORTH, are listed in Appendix A. Further, the
microcode format is discussed in Appendix B. The
User’s Manual (less appendices duplicated elsewhere in
this document) is included -as Appendix C. Some gen-
eral comments about the software are in order. The
Cross-Compiler. The cross-compiler maintains a sealed
vocabulary with all the words currently defined for
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computer 100. At the base of this dictionary are special
cross-compiler words such as IF ELSE THEN : and ;.
After cross-compilation has started, words are added to
this sealed vocabulary and are also cross-compiled into
computer 100, Whenever the keyword CROSS-COM-
PILER is used, any word definitions, constants, vari-
ables, etc. will be compiled to computer 100. However,
any immediate operations will be taken from the cross-
compiler’s vocabulary, which is chained to the normal
MVP-FORTH vocabulary.

By entering the FORTH word {, the cross-compiler
enters the immediate execution mode for computer 100.
All words are searched for in the sealed vocabulary for
computer 100 and are executed by computer 100 itself.
The “START..” “END” that is displayed indicates the
start and the end of execution of computer 100. If the
execution freezes in between the start and end, that
means that computer 100 is hung up. The cross-com-
piler builds a special FORTH word in computer 100 to
execute the desired definition, then performs a HALT
instruction. Entering the FORTH word } will leave the
computer 100 mode of execution and return to the
cross-compiler. No colon definitions or other creation
of dictionary entries should be performed while be-
tween { and }.

The FORTH word CPU32 will automatically trans-
fer control of the system to computer 160 via its Forth
language cold start command. The host MVP-FORTH
will then execute an idle loop waiting for computer 108
to request services. The word BYE will return control
back the host’s MVP FORTH.

The current cross-compiler can not keep track of the
dictionary pointer DP, etc., in computer 100 if it is out
of sync with the cross-compiler’s copy. This means that
no cross- C compiling or micro-assembly may be done
after the FORTH of computer 100 has altered the dic-
tionary in any way. This could be fixed at a later date by
updating the cross-compiler’s variables from computer
100 after every BYE command of computer 100.

Cross-compiled code should be kept to a minimum,
since it is tricky to write. After a bare minimum kernel
is up and running, computer 160 should do all further
FORTH compilation. The Micro-assembler. The mi-
cro-assembler is a tool to save the programmer from
having to set all the bits for microcode by hand. It
allows the use of mnemonics for setting the micro-oper-
ation fields in a micro-instruction, and, for the most
part, automatically handles the micro-instruction ad-
dressing scheme.

The micro-assembler is written to be co-resident with
the cross-compiler. It uses the same routines for com-
puter 100 and sealed host vocabulary ‘dictionary han-
dling, etc. Currently all microcode must be defined
before the board starts altering its dictionary, but this
could be changed as discussed previously.

In the terminology used here, a micro-instruction is a
32-bit instruction in microcode, while a micro-operation
is formed by one or more microcode fields within a
single micro-instruction.

Appendix B gives a quick reference to all the hard-
ware-defined micro-instruction fields supported by the
micro-assembler. The usage and operation of each field
of the micro-instruction format is covered in detail in
Part Two of the User’s Manual included as Appendix C.
Since the microcode layout is very horizontal, there is a
direct relationship between bit settings and control line
inputs to various * ips on computer 100. As with most
horizontally mic -~oded machines, as many micro-
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operations as desired may take place at the same time,
although some operations don’t do anything useful
when used together. Microcode Definitions Format.
The micro-assembler has a few keywords to make life
easier for the micro-programmer. The word OP-
CODE: starts a microcode definition. The input param-
eter is the page number from 0-OFF hex that the op-
code resides in. For example, the word = is op-code 7.
This means that whenever computer 100 interprets a
hex 038xxxxx (where the x’s represent don’t care bit
values), the word + will be executed in microcode. The
character string after OP-CODE: is the name of the
op-code that will be added to the cross-compiler and
computer 100 dictionaries. It is the programmer’s re-
sponsibility to ensure that two op-codes are not as-
signed to the same microcode memory page. The vari-
able CURRENT-OPCODE contains the page cur-
rently assigned by OP-CODE.. It may be changed to
facilitate muiti-page definitions.

The word :: signifies the start of the definition of a
micro-instruction. The number before :: must be from 0
to 7, and signifies the offset from O to 7 within the cur-
rent micro-program memory page for that micro-
instruction. Micro-instructions may be defined in any
order desired. When directly setting the micro-instruc-
tion register (MIR) for interactive execution, the word
> > may be used without a preceding number instead
of the sequence O ::.

The word ;; signifies the end of a micro-instruction
and stores the micro-instruction into the appropriate
location in micro-program memory.

The word ;;END signifies the end of a definition of a
FORTH microcoded primitive.

If the FORTH vocabulary is in use, the programmer
may single-step microcoded programs. Use the > >
word to start a micro-instruction. Instead of using ;;, use

;SET to copy the micro-instruction to the MIR. This -

allows reading resources of computer 100 to the host
103 with the X@ word or storing resource values with
the X! word. Using ;DO instead of ;; will load the in-
struction into the MIR and cycle the clock once. This is
an excellent way of single-stepping microcode. The
User’s Manual in Appendix C and the Diagnostics of
computer 100 given in Appendix A part III provide
examples of how to use these features. End/Decode.
END and DECODE are the two micro-operations that
perform the FORTH NEXT function and perform
subroutine calls, subroutine returns, and unconditional
branches in parallel with other operations. DECODE is
always in the next to last micro-instruction of a micro-
coded instruction. It causes the interrupt register 126 to
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be clocked near the falling clock edge, and loads highest
9 bits of the instruction into the instruction latch 125 at
the following rising clock edge. Thereafter, instruction
fetching and decoding proceeds according to the ac-
tions described in Appendix C part II. END is a micro-
operation that marks the last instruction in a program
and forces a jump to offset O of the next instruction’s
microcoded memory page. Microcode Next Address
Generation. The micro-assembler automatically gener-
ates an appropriate microcode jump to the next sequen-
tial offset within a page. This means that if a 3 is used
before the :: word, then the micro-assembler will as-
sume that the next micro-instruction is at offset 4 unless
a JMP= micro-instruction is used to tell it otherwise.

The JMP= micro-operation allows forcing non-
sequential execution or conditional branching simulta-
neously with other micro-operations. A JMP =000,
JMP=001, ..., IMP=111 command forces an uncondi-
tional microcode jump to the offset within the same
page specified by the binary operand after IMP=. For
example, JMP=101 would force a jump to offset 5 for
the next micro-cycle.

A conditional jump allows jumping to one of the two
locations depending on the value of one of the 8 condi-
tion codes. The unconditional jump described in the
preceding paragraph is just a special conditional jump in
which the condition picked is a constant that is always
set to O or 1. The sign bit conditional jump is used below
as an example.

A conditional jump sets the lowest bit of the next
micro-instruction address to the value of the condition
that was valid at the end of the previous microcycle.
The syntax is JMP=00S, where “*S” can be replaced by
any of the conditions: Z, L, C, S, 0, 1. The first two bits
are always numeric, indicating the top two binary bits
of the jump destination address within the micro-pro-
gram memory page. The example JMP=10S would
jump to offset 4 within the micro-program memory
page if the sign bit were 0, and location 5 if it were 1.

Appendix C is the user manual for computer 100, and
describes other information of interest in the operation
of the preferred embodiment of the invention.

It will thus be appreciated that the described pre-
ferred embodiment achieves the desired features and
advantages of the invention. While the invention has
been particularly shown and described with reference
to the foregoing preferred embodiment, it will be under-
stood by those skilled in the art that other changes in
form and detail may be made therein without departing
from the spirit and scope of the invention, as defined in
the claims.
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APPENDIX A

PART I

MICRO~-ASSEMBLER, CROSS~-COMPILER,

AND MICROCODE PROGRAM LISTING

SCREEN #1

0 INDEX =--- CFU/32 X COMFILER % MICRO-ASSEMELER PHIL KOOFMAN JR.
1 LIBRARY VERSION FILE: XCOMP.4TH LAST UFDATE: &/1/87
* BETA TEST VERSION (C) COFYRIGHT 1987

4 BY PHIL KOOPMAN JR. ]

S

& LOAD SOURCE

7 SCREEN SCREENS CONTENTS

8 =s======= sS=ssm=== 2t

% 2 LOAD 2 - 102 MICRO-CODE ASSEMBLER & CROSS-COMPILER

10 ose 103 - 203 KERNEL MICROCODE DEFINITIONS

i1 °eo 205 - 254 EXTENDED KERNEL MICROCODE DEFINITIONS

12

14

15
SCREEN #2

Q

\ LOAD SCREEN FOR MICRO-ASSEMBLER & CROSS-COMPILER

1 HEX MATH CR CR ." Loading cross—compiler & micro~assembler" CR
2 ." (C) Copyright 1987 by Phil Koopman Jr." CR

3 VARIARLE OPTIMIZE? \ True value means combine ops with jumps
4 1 OPTIMIZE? !

5 100000, DCONSTANT MEM-SIZE

6 8000. DCONSTANT SAVE-SIZE

7 DECIMAL )

8 CR MEM-SIZE 1024. D/ S D.R ." K bytes memory on system” CR
Q 4 102 THRU ( Load cross-compiler )

10 CR CR ." Loading microcode source to CPU/32" CR

11 105 203 THRU ( Load basic microcaode )

12 205 254 THRU ( Load extended microcode )

13 CR CR ." Saving memory image" CR SAVE-ALL CR CR

14 ." Do a SAVE-FDRTH to a DOS file name XCOMP.COM i¢ desired® CR
15 CROSS~-COMPILER FORTH DEFINITIONS '
SCREEN #3

O \ NO LOADING DONE FROM CPU/32 FROM THIS FILE

1

“ .

I CR CR " NO LOADING DONE FROM CPU/32 FROM THIS FILEY CR CR

4

S

&

7 1
8

9

10

it .

12 A

i3

i4
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SCREEN #4 ,
O \ CASE STATEMENT -- CASE IFCASE
" {1 DECIMAL -
" 2 ¢ CASE { => ) ( COMPILE )
3 ( FLAG ->» FLAG ) ( EXECUTE ) :
4 COMFILE >R COMFILE R@ O 31
5 IMMEDIATE
&
7 : 1FCASE ( ..ADDRS.. COUNT 31 -> ... BRANADDR COUNT 32 )
8 { FLAG -> ) { EXECUTE )
9 31 ?PAIRS 32 COMPILE OBRANCH HERE O ,
10 ROT 1+ ROT 3
11 IMMEDIATE
12
13
14
15
SCREEN #5
o\ CASE --- NEXTCASE ELSECASE
1 DECIMAL
2 ¢ NEXTCASE ( ... BRANADDR COUNT 32 -> .. ELSEADDR COUNT 31 )
3 ( -> FLAB ) ( EXECUTE )
4 32 ?PAIRS COMPILE BRANCH O ,
s SWAP HERE OVER - SWAP !
6 HERE 2- SWAP 31 COMPILE Re ; S
7 IMMEDIATE ‘ R
8
9 : ELSECASE ( ..« COUNT 32 -> ... COUNT 33 )
10 32 ?PAIRS COMPILE BRANCH O ,
11 SWAP HERE OVER' - SWAP !
12 HERE 2- SWAP 33 ;
13 IMMEDIATE
14
15
SCREEN #6
O\ CASE -—-- ENDCASE EETWEEN
" 1 DECIMAL
2 : ENDCASE ( -» )
] DUFP 32 = IF DROFP SWAF HERE OVER - SWaP ! .
4 1- 33 THEN I3 ?FAIRS EEGIN
5 DUF 0> WHILE SWAP HERE OVER - SWAP !
) 1- REFEAT DROF COMFPILE R> COMPILE DROP
7 IMMEDIATE
8
% : BETWEEN ( N1 N2 N3 -> N2<=N1<=N37? )
10 >R OVER > NOT SWAP
11 R> > NOT AND
12
13
14
15
SCREEN #7 ]
0 \ DEFINE READO .. READ7 WRITEO .. WRITE7

HEX

READO 300 P@
READ1 301 P@
READ2 302 Pe
READ3 303 Pe

WRITEO 300 P!
WRITE1 301 P!
WRITEZ2 302 P!
WRITE3 303 P!

ABUN-



i9 20

& 3 READA 304 P@ : WRITE4 304 P! g

7 s READS 305 P@ 3 s WRITES 303 P! g -
8 : READS 306 PE 3 s WRITES 306 P! 3 S
9 : READ7 307 P@ - 3 s WRITE? 307 P! 3

10

11 DECIMAL

12

i3

i4

is
SCREEN #8 ‘

O \ FORTH BOARD STOP & GO -- STOP GO 8TATUS? CYCLE
1 HEX

2 : STOP ¢ ->)

3 O WRITES 3

4 3 GO {( =->)

S O WRITES3 3

&

7 2 STATUS ( -> STATUS ) \ Status register contents
8 _READ2 3 \© OFF AND 3 :
9 : STATUE? STATUS U. 3

10 .

11 ¢ CYCLE (¢ => ). \ Cycle one clock tieck ° »
12 0 WRITE2 3 :
13 DECIMAL

14

15
SCREEN #9

O \ FORTH BOARD RESET SET-DMA PCREQR

1 HEX ’

-2 3 PCRER ( N =)

3 WRITE7 3

4 .

5 : RESET-SEQ ( —> )

6 0 WRITEG 3

7

8 ¢ SET-DMA ( -2 )

9 O WRITES 3

10

i1 DECIMAL

iz

i3

i4

15
SCREEN #10

O \ VARIABLES FOR MICROASSEMBLER -- 1

1 DECIMAL

2 \ Following variables are all flags that indicate 1{f {fields
3\ have been used in current micro-instruction assembly
4 VARIABLE >SOURCE VARIABLE >DEST

S VARIABLE >DP VARIABRLE >RP

& VARIABLE >ALU-MUX VARIABLE >ALU

7 VARIABLE >CIN VARIABLE >DLO

8 VARIABLE >CONDITION VARIABLE >JMP

9 VARIABLE >INC-MPC VARIABLE >DECODE

10 VARIABLE

>INC-ADC"

5,053,952
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21 22
- LI
14
15
SCREEN #11
O \ VARIABLES FOR MICROASSEMBLER ~-- 2
1 DECIMAL

2 VARIAERLE CURRENT-OFPCODE \ Micromemory page number
3 VARIABLE CURRENT-OFFSET \ Micromemory offset value

4 DVARIAELE MICRO-WORD \ Current micro-assembler building word
S
&
7 )
8
9
10
11
12
13
14
15
SCREEN #12
O \ INITIALIZE MICROASSEMELER FLAGS
1 DECIMAL
"2 : RESET ( -3 )
= O »SOURCE ! O >DEST !
4 O >DPF ! 0 *RFP ! N
S QO FALU-MUX ' © »ALU !
&6 0 >CIN ! 0 >DLO _ !
7 O *CONDITION ! 0 >IMP !
8 O >INC-MPC ! 0 >DECODE !
9 O »INC-ADC !
10 ©O. MICRO-WORD D! H
11
14

SCREEN #13
\ SET UP DEFAULTS FOR MICROCODE WORD

(@)

1 HEX MATH

2 : FINISH « =5 \ Set required bits for default fields
3 >DF @ NOT IF 00000200. MICRO-WORD D+! THEN
4 { Default ALU operation is pass A side function )

5 >ALU @ NOT IF 00100000. MICRO-WORD D+! THEN
6\ >ALU @ NOT IF ‘

7\ MICRO-WORD D@ SWAP DROP 20 AND

8 \ iF { CYIN=1 ) 00000000.

9\ ELSE ( CYIN=0 ) O0O00F0000. THEN

10 \ MICRO-WORD D+! THEN

11 >DECODE € NOT IF 40000000. MICROD-WORD D+! THEN 3}
12

13 DECIMAL

14

15

SCREEN #14

0 \ SOURCE DEFINITIDNS -1

1 DECIMAL MATH
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© \ DP CONTROL
1 DECIMAL MATH

23 24

2 : SRC ( DVALUE ->) ( PFA => )

3 CREATE D,

4 DOES> >S0URCE @ ARORT" MULTIPLE SDURCE= STATEMENTS"

S 1 >SOURCE ! D@ MICRO-WORD D+! 3

6

7 1. SRC SOURCE=DP 2. SRC SOURCE=DS '
8 3. SRC SOURCE=DLO 4. SRC SOURCE=DHI

Q S. SRC MULTIPLY 6. SRC DIVIDE-SELECT

i0 7. SRC SOURCE=FLAGS 8. SRC SOURCE=RP

11 2. SRC SOURCE=RS 10. SRC SOURCE=ADDRESS-COUNTER
12 11. SRC SOURCE=RAM 12. SRC SOURCE=RAM-BYTE

13 13. SRC SOURCE=MPC 14, SRC SOURCE=MRAM C
14 15. SRC SOURCE=FPU 0. SRC SOURCE=HOST ( default
15 : SOURCE=LATCH ;3 ( for readability ) '
SCREEN #15

0O \ DEST DEFINITIONS -- 1
1 DECIMAL MATH ) ’

2 : DST ¢ DVALUE - ) ( FFA =2 )

= CREATE 4 DLSLN D,

4 DOES» +DEBT @ ABORT" MULTIPLE DEST= STATEMENTS"

S 1 »DEST ! D& MICRO-WORD D+!

1)

7 1. DST DEST=DF 2. DST DEST=DS

8 ( 3. is unassigned ) 4. DST DEST=PAGE

9 5. DST DEST=ADDRESS-LATCH 6. DST DEST=STATUS

10 7. DST DEST=FLAGS 8. DST DEST=RP

11 9. DST DEST=RS 10. DST DEST=ADDRESS-COUNTER

12 11. DST DEST=RAM 12. DST DEST=RAM-BYTE

13 1X. DST DEST=DECODE 14. DST DEST=MRAM

14 i5. DST DEST=FPU -t DEST=LATCH 3 ( for readability )

1S : DEST=DHI ; ( DHI is always clocked ——- use for readability )
SCREEN #1646

>DP @ ABORT" MULTIPLE DP STATEMENTS"

2 : DPR ( DVALUE -> ) ( FFA =2 )
3 CREATE 8 DLSLN Dy
4 DOES>

S 1 >DP ! jolc]
6

7 0. DPQ DECCDPI]

8 i, DPQ@ INCLCDPI

9 .

10

i1

12

i3

14

i3

SCREEN #17

O \ RP CONTROL
1 DECIMAL MATH

DN DUN

30
2

: RP ( DVALUE -> ) ( PFA => )
CREATE 10 DLSLN D,
DOES >

MICRO-WORD D+! g

>RP @ ABORT" MULTIPLE RP STATEMENTS"

i >RP ! pe

RP DECIRPI

. RP INCLRFI

MICRO-WORD D+! 3
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25 26
9 .
10
11
12 .
13
14
15
SCREEN #18
O N ALU MUX SELECTION DEFINITIQNS
1 DECIMAL
2 T ALUMUX  ( DVALUE -3 ) ( FFA =-> )
= CREATE 12 DLSLN D,
4 DOES = >ALU-MUX @ ABORT" MULTIPLE ALU MUX STATEMENTS"
S 1 >ALU-MUX ! D@ MICRO-WORD D+! H
-
7 1. ALUMUX SRLALU]
8 2. ALUMUX SLLALU]
9 3. ALUMUX ROLLCALUZ
10
11
13
14
18
SCREEN #19
O \ ALU FUNCTION CONTROL ~- LOGICAL
1 HEX
2 @ ALUL ( DVALUE -> ) ( PFA => ) ’
3 \ Automatically compensates for FUNC & CIN inverters on board
4 \ Function codes used below reflect ‘181 docn for active hi data
S CREATE COOF. DXOR .10 DLSLN D, .
é DOES> >ALU @ ABDRT" MULTIPLE ALU STATEMENTS"r ’
7 “1 >ALU ! De MICRO-WORD D+! 3 ;
8
9
10
11 DECIMAL
12
13
14 "
- :
15 A
SCREEN #20 \
O \ ALU DEFINITIONS ~-- 1 y
1 HEX v
2 \ Logical definitions .
3 10. ALUL ALU=notA .
4 11. ALUL ALU=AnorB 19. ALUL ALU=AxnorB
] 1A. ALUL ALU=B
6 13, ALUL ALU=0 1B. ALUL ALU=AandB
7 14. ALUL ALU=AnandB 1C. ALUL ALU=-1
8 15. ALUL ALU=notB
9 1&. ALUL ALU=AxorRB - 1E. ALUL ALU=AorB
10 1F. ALUL ALU=A
11 DECIMAL
12 >
13
14 !

15
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SCREEMN #Z21
O \ ALU FUMCTION CONTROL ~-- ARITHMETIC
1 HEX :
: ALUM  ( DVALUE -» ) ( FFA =35 )

SCREEN #23 )
0 \ -CARRY IN CONTROL

i DECIMAL
2 ¢ CIN ( DVALUE =2 ) ( PFA => )
3 CREATE 21 DLSLN Dy
4 DOES> >CIN @ ABORT"
S i >CIN ! Da MICRO-WORD D+!
6 .
7 0. CIN CIN=0
8 1. CIN CIN=1
Q
10
i1
12
i3
i4
iS5
SCREENM #24
O \ DLCO CONTROL DEFINITIONS
1 DECIMAL
2 ¢ DLO ( DVALUE =-3> ) ( FFA =2 )
= CRT™ATE 22 DLSLN D,
4 D' &% *DLO @ AEBORT"
S 1 »DLO ! D& MICRO-WORD D+!

\ Automatically compensates for FUNC % CIN inverters on board

4 \ Function codes used below reflect ‘181 docn for active hi data
S CREATE ©2F. DXOR 10 DLSLN D,

1) DOES > >ALU @ ARORT" MULTIFLE ALU STATEMENTS"

7 *CIN @ ARORT" MULTIPLE CARRY-IN STATEMENTS"
8 i >CIN ! i >ALU ! D@ MICRO-WORD D+! g
9

10
i1

12 DECIMAL

13

i4
iS5
SCREEN #22

O \ ALU DEFINITIONS - 2

1 HEX

2 \ Arithmetic definitions

3 20. ALUM ALU=A+0 \ Passes A through, valid CY out

4 26. ALUM ALU=A-EB-1

5 29. ALUM ALU=A+B

&6 2C. ALUM ALU=A+A

7 2F. ALUM ALU=A-1

8

2 00. ALUM ALU=A+1

10 02. ALUM ALU=AornotB+i

i1 0&6. ALUM ALU=A-B
12 0%9. ALUM ALU=A+B+i

i3 OC. ALUM ALU=A+A+1

14 DECIMAL

iS5

MULTIPLE CARRY-IN STATEMENTS®

o

9

MULTIPLE DLO STATEMENTS"

a
2
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. B _
7 1. DLO SRCDLO3]
8 2. DLO SLIDLC]
9 3. DLO DEST=DLO
10 )
11
14
15
SCREEN #25
O \ DIVIDE OPERATION MACROD
1 HEX
2 : DIVIDE ( ->)
3 DIVIDE-SELECT
4 >CIN @ ABORT" MULTIPLE CARRY-IN STATEMENTS"
S >ALU @ ABORT" MULTIPLE ALU MUX STATEMENTS®
-} 1 >ALU ' .1 >CIN !
7 0O2ZF0000., MICRO-WORD D+! 3
8
9 DECIMAL
10
11
12
13
14
15
SCREEN #2646
O \ NEXT ADDRESS CONSTANT CONTROL
1 DECIMAL '
2 ¢ JMP  ( DVALUE ->) ( PFA => )
3 CREATE 24 DLSLN D,
4 DOES> . >IMP e ARORT" MULTIPLE JMP STATEMENTS"
S 1 >IMP ¢ De MICRO-WORD D+! 3 '
6 HEX
7 \ Constant address jumps
8 00, JIMF JIMP=000 07. JMP JMP=001
? 08. JIMP JMP=010 OF. JMP JMP=011
10 10. JMP JMP=100 17. IJMP JMP=101
11 i8. JMP JMP=110 1F. JIMP JMP=111 <
12
13 DECIMAL
14
15
'SCREEN #27
O \ JMFP STATEMENTS -- 2
1 HEX :
"\ Branch on not carry-out
3 01. JMF JIMF=00C 11. IJMP JIJMP=10C
4 09. JIMF IMP=01C 19. IJMP JMP=11C N
S
6 \ Branch on ALU output not equal to 0
7 02, JIJMF JIMP=00Z 12. JMP JMP=102
8 OA. JIMF JMP=012 1A. JIMP JmMP=112 .
Q . .
10 \ Branch on sign bit = 1 (ALU output bit 31)
11 03. JMP JMP=00S 13. JMP JIMP=10S
12 OR. JMP JMP=01S 1B. JMP JMP=11S
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i3
14 DECIMAL
1S
SCREEN #28
¢ \ JMP STATEMENTS —— 3
i HEX
2 \ Branch on lowest bit of DLO (shift—-out bit)
3 04. JIMP JMP=00L 14, JMP JIMP=10L.
4 oC. JMP JMP=01L iC. JMP JMP=11L
S DECIMAL
6 EXIT : -
7 \ Branch on 27277272727272272727?7272?227?27277°7???77? CDNBXTEDN,@*E
8 05. JMP JMP=007 iS. JIMP JMP=007 P
Q OD. JMP JIMP=017 iD. IJMP JMP=017
10 ’
11 \ Branch on 7?772727272°0722°22772272272727277?7?272?27?27?7?777 @DNDITIQM # &
12 06. JMP JMP=007?7? 16. JMP JMP=007?? -
13 OE., JIMP JMP=0177 i1E. JMP JMP=0{7??
14
1S DECIMAL
SCREEN #29
0o\ MPC CONTROL
1 DECIMAL MATH
2 : MPC ( DVALUE -> ) ( PFA =2 )
3 CREATE 29 DLSLN D,
4 DOES> >INC-MPC @ ARORT" MULTIPLE MPC STATEMENTS®
5 1 >INC-MPC ! b@ MICRO-WORD D+! 3
5 ,
7 i. MPC INCEMPC3
8
Q
10
i1 .
12 N
13
14
15
SCREEN #I0

O N\ ADDRESE COUNTER CONTROL
1 DECIMAL MATH

"2 : INADC ( DVALUE -3 ) ( FFA =% )
i3 CREATE 31 DLSLN D,

4 DOES>  »INC~ADC @  AEORT" MULTIFLE INCLADG] STATEMENTS"
5 1 >INC-ADC ! D& MICRO-WORD D+! 3
o

7 1. INADC INCLADC]

8

9

10

11

2

14

SCREEN #31

0 \ DECODE MACROD & END ¢RO
1 HEX MATH

2 3 DECODE ( -> )
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3 >DECODE @ ABORT" MULTIPLE DECODE STATEMENTS"
4 1 >DECODE ! 00000000. MICRO-WORD D+! 3
S :
& : END ¢ =>
7 JIMP=000 3
8
9
10 DECIMAL
11
12
13
14
15
SCREEN #32 ‘ \
O \ FORTH BOARD 1/0 PRIMITIVES -- X! X@ v
1 HEX *
2 CODE X! (D -=>) \ WRITE WORD TO BOARD
3 DX , # 306 MOV AL , DX OUT ( Reset sequencer )
4 DX , # 3J00 MOV BX POP AX POP
5 AL , DX OuUT AL , AH MOV AL , DX OuT
&6 AL , BL MOV AL , DX OUT AL , BH MOV AL 4 DX OUT
7 NEXT = JMP END-CODE
8
9 CODE X@& (D ->) \ READ WORD FROM BOARD
10 DX , # 306 MOV AL 4 DX QUT ( Reset sequencer )
i1 DX , # 300 MOV AL 4 DX IN BL , AL MOV
12 AL , DX IN BH , AL MOV AL , DX IN * CL , AL MOV
13 AL , DX IN. CH , AL MOV BX PUSH CX PUSH
14 NEXT JMP END-CODE '
15 DECIMAL
SCREEN #3737
O \ FORTH BOARD 1/0 PRIMITIVES £- MIR! MIR@
1 HEX .
" 2 CODE MIR! (D =) \ WRITE WORD TO BOARD
= DX , # J0&s5 MOV AL , DX OUT ( Reset sequencer )
4 DX , # 301 MOV EX POP AX POP :
S AL , DX OUT AL , AH MOV AL , DX 0OuUT
6 AL , BL MOV AL , DX OUT AL , BH MOV AL , DX OUT
7 NEXT JIMP END-CODE
8
% CODE MIR@ (D -=>) \ READ WORD FROM BOARD
10 DX , # 306 MOV AL , DX OUT ( Reset seguencer ')
11 DX , # J01 MOV AL , DX IN BL , AL MOV
12 AL 4, DX IN BH , AL MOV AL , DX IN CL , AL MOV
13 AL , DX IN CH , AL MOV BX PUSH CX PUSH
14 NEXT JMP END-CODE
1S5 DECIMAL
SCREEN #34
O \ SET UP MICROCODE WORD -- $SET ;DO
1 DECIMAL
2 1 3SET « ->) \ Perform MIR!, but don't cycle clock
3 FINISH MICRO-WORD D& MIR! 3
a
S : ;DO ¢ ->) "\ Load and execute single instruction
6 sSET CYCLE 3
5
8 « :: RESET 'RRENT-0OFFSET ¢ 3
[~ .
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10 ¢ >> RESET -2 CURRENT-OFFSET ! g
13

i2
13

14
iS
SCREEN #35

O \ AID TO SPEED EXECUTION -~ MIR-SETUP

i DECIMAL

2 : MIR-SETUP ( -> ) \ Use after [ 1 around microcode word
3 MICRO-WORD D@

4 [COMPILE] DLITERAL

S COMPILE MIR! 5

) IMMEDIATE \
7

8

9

10

i1 "

i2

i3

i4

1§<]

SCREEM #3Z&
O \ AUTOMATIC NEXT ADDRESS GENERATION

1 DECIMAL

Z : <AUTO-ADDR> ( =1..7 => )

T CASE -1 = - IFCASE  JMF=000  NEXTCASE

4 0 = IFCASE ~JMP=001  NEXTCASE ;

5 1 = IFCASE JMF=010  NEXTCASE

& 2 = IFCASE JMP=011  NEXTCASE

7 3 = IFCASE  JMP=100  NEXTCASE

8 4 = IFCASE JMP=101  NEXTCASE

9 S = IFCASE JMP=110  NEXTCASE

10 & = IFCASE JMP=111  NEXTCASE
11 -2 = IFCASE  ABORT" MUST USE :: WITH 33" NEXTCASE

12 7 = IFCASE  ABORT" NO JMP= ON PAGE CROSSING"

13 ELSECASE 1 ABORT" ERROR IN AUTO-ADDR" ENDCASE 3

14

15
SCREEN #37

0 \ MICRO-RAM ! AND €

1 DECIMAL MATH

2 : MRAM!  ( DMICRO-WORD ADDR —-> )

3 [ >> DEST=DECODE ;SET 3 MIR-SETUP  DUP O 20 DLSLN X!
4 C >> DECODE ;SET 31 MIR-SETUP  CYCLE _

5 C > sSET 1 MIR-SETUP  CYCLE CYCLE

& [ >> DEST=MRAM ;SET MICRO-WORD D@ 3] DLITERAL MICRO-WORD D!
7 0 D>IJMP ! 7 AND 1- <AUTO-ADDR> MICRO-WORD D@ MIR! X! j
8 : MRAM& ( ADDR —> DMICRO-WORD ) ‘ i

$ [ >> DEST=DECODE ;SET 1 MIR-SETUP  DUP O 20 DLSLN X!
10 [ >> DECODE ;SET 1 MIR-SETUP  CYCLE .

11 L >> sSET 1 MIR-SETUP  CYCLE CYCLE

12 [ >> SDURCE=MRAM ;SET MICRO-WORD D@ 3 DLITERAL = MICRO-WORD D!
13 0 >IMP ! 7 AND 1~ <AUTO-ADDR> MICRO-"ORD D& MIR! X@ j
14 ‘ : |

[N
ul
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SCREEN #38 T
O \ PROGRAM RAM ! AND @
1 DECIMAL MATH
: RAM! ( DWORD DADDR -3 )
L >> DEST=ADDRESS~COUNTER ;SET 1 MIR-SETUP X!
L >» DEST=RAM ;SET 1 MIR-SETUP X! 3

RAM@ ( DADDR -> DWORD )
[ >> DEST=ADDRESS—-COUNTER ;SET ] MIR-SETUP X! '

VONOCU AN

{ >> SOURCE=RAM $SET 1 MIR-SETUP Xe 3
10
i1
12 b
13
14
15
SCREEN #39
0 \ FROGRAM RAM C! AND Ce
1 DECIMAL  MATH
"2+ RAMC! ( B DADDR -3 )
X L > DEST=ADDRESS-LATCH ;SET 1 MIR-SETUFP X!
4 [ DEST=RAM-BYTE ;SET ] MIR+SETUF O X! H
S
& : RAMCE ( DADDR ->» B )
7 t »> DEST=ADDRESS-LATCH ;SET ] MIR-SETUP X!
8 L >> SOURCE=RAM-BYTE ;SET ] MIR-SETUFP X@ DROP ;
9 .
10
11
13
14
15
SCREEN #40 .
O \ STORE MICROCODE WORD -- 53 INSTRUCTION END
1 DECIMAL
23 335 (-2
3 >JMP @ NOT \ Default next address is current word + 1
4 IF CURRENT-OFFSET @ <AUTO-ADDR> THEN
S FINISH MICRO-WORD D@
é CURRENT-OPCODE @ 8 * CURRENT-0OFFSET @ <+ MRAM!
7 3 INSTRUCTION ( N =>)
8 STOP CURRENT-0OPCODE ! -1 CURRENT-OFFSET !
9 .

10 : RESET-BOARD ( =>) \ Sets page=0 %

11\ Does 2 dummy cycles to flush out any possible decodes

12 STOF RESET-SERQ L >> ;SET ] MIR-SETUP CYCLE CYCLE

13 L >> DEST=DECODE j3SET 1 MIR-SETUP 0. X!

14 [ >> DEST=PAGE 3;SET J MIR-SETUP 0. X!

15 [ >> DEST=FLAGS ;SET 1 MIR-SETUP -1. X! ( Mask interruptg ) ;

SCREEN #41 \

0 EXIT \ INIT DMA REQUEST —- DMA CHANNEL 3 v

1 HEX MATH N

2 ( Note: write means write from PC to the FORTH system )
3 : SETUP-DMA ( WRITE-FLAG HI-4-SEG ADDRESS COUNT =-> )

4 RESET-SER *R 07 OA ! ( disable ch 3)

S SET-DMA ( set DMA mode )
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& 0 OC P!Y ( clear byte ptr flip-flop ) \ BIOS places NOP here
7 ROT IF ( write ) 4B ELSE ( read ) 47 THEN OB P! '
8 DUP OFF AND 06 P! ( low address )

9 BYTESWAP OFF AND 06 P! ( high address )
10 82 P! ( set up top 4 bits of address )
11 R> DUP OFF AND 07 P! ( high count }
12 BYTESWAP OFF AND 07 P! ( low count ) °
13 03 OA P! ( enable channel 3 ) j
14 DECIMAL
iS5
SCREEN #4Z :

O N INIT DMA REQUEST -- DMA CHANNEL 3 -- ASSEMBLER VERSION --1
1 HEX
"2 ( Note: write means write from PC to the FORTH system )

% CODE SETUP-DMA ( WRITE-FLAG HI-4-SEG ADDRESS COUNT -> )

4 CcLI s

S AL , # 07 MOV DX , # 0A MOV DX , AL OUT \ Disable ch 3
6 DX , # 3046 MOV DX , AL OUT \ Reset CPU/32 sequencer

7 DX , # 305 MOV DX , AL OUT \ 8et CPU/32 DMA mode

8 AL , AL XOR

4 DX , # oC MOV DX , AL OUT \ Clear DMA contrllr byte

10 CX POP ( Count ) DI POP ( low addr ? BX POP ( Hi addr )
i1 AX POP ( non-0 is write flag ) AX 4 AX OR

12 <20? IF ( write ) AL , # 4B MOV ELSE ( read ) AL , # 47 MOV
13 THEN DX , # OB MOV DX , AL 0OUT
14 .
1S DECIMAL
SCREEN #43
O \ INIT DMA REQUEST -- DMA CHANNEL 3 -—= ASSEMBLER VERSION =-2
1 HEX
2 DX , # & MOV \ Set low address
3 AX ¢ DI MOV DX , AL OUT <>07? IF ELSE THEN
4 AL , AH MOV DX , AL OUT
S <>07? 1IF ELSE THEN AL , BL MOV \ Set DMA page register
6 DX , # 82 MOV DX , AL QUT <>0? IF ELSE THEN
7 DX , # 7 MOV \ Set count
8 AX 4, CX MOV DX , AL OUT <>07? IF ELSE THEN
Q AL , AH MOV DX 4 AL OUT
10 STI : <20? IF ELSE THEN

11 AL , # 03 MOV DX , # 0A MOV DX 4 AL OUT N\ Enable eh 3
12 NEXT JMP

13 END-CODE
14 DECIMAL - .
15 A
SCREEN #44 . \

0 \ FORTH BOARD 1/0 PRIMITIVES -- W->BOARD v

1 HEX ¥

2 CODE DMA-WAIT ( =>)

3 BEGIN AL , B IN AL , # 8 AND <>0? UNTIL NEXT JMP

4 END-CODE

5 HEX MATH

& : W->BOARD ( PCADDR DBOARD-ADDR WORDCOUNT => ) ,
7 >R RESET-SEQ

8 [ >> DEST=ADDRESS-COUNTER §SET 3 MIR-SETUP X!

9 [ >> DEST=RAM INCCADC) ;SET 1 MIR-SETUP

10 >R 1 THIS-SEG 10 U* R> O D+ OVER R@ O ADC

11 ABORT" DMA CROSSES PAGE REG BOUNDARY" DROP
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12 SWAP R> 2% 2# SETUP-DMA  DMA-WAIT
13 \ BEGIN OB P@ 8 AND
14 \ ( ?TERMINAL ABORT" ..DMA-1.." ) UNTIL 3}

15 DECIMAL

SCREENM #495 .
O EXIT 103 LOAD \  W->BOARD *%* HIGH LEVEL **
1 DECIMAL MATH \ Transfer words from FC to board

2 : W->BOARD ( FCADDR DEOARD-ADDR WORDCOUNT => )

= O DO ’

3 ROT DUF XD@ DR 4 + ROT ROT H

5 DR>» DOVER RAM! 4, D+

6 LOOF DDROF DROP ;

7

8

Q

10
11
13

14

15
SCREEN #46

0 \ FORTH BOARD 1/0 PRIMITIVES -- BROARD->W

1 HEX MATH

2 : BOARD->W ( DEOARD-ADDR FCADDR WORDCOUNT =-> )

3 >R >R RESET-SEQR .

‘4 f »> DEST=ADDRESS-COUNTER ;SET 1 MIR-SETUP X!
] { >> SOURCE=RAM INCLADC1 ;SET 1 MIR-SETUP

é 0 THIS-SEG 10 U R> O D+ OVER R@ O ADC

7 ABORT" DMA CROSSES PAGE REG BOUNDARY" DROP

8 SWAP R> 2% 2% 1- SETUP-DMA DMA-WAIT 3
9 \ BEGIN 08 F@ 8 AND .

10 \ ( ?TERMINAL ABORT" ..DMA-2.." ) UNTIL ;

11 DECIMAL

12

13

14 :
15 A
SCREEN #47 \

O EXIT \ FORTH EBOARD 1/0 PRIMITIVES ~~ BOARD->W #% HIGH LEVEL =%

1 DECIMAL M™MATH \ Transfer words from board t&'PC

2 : BOARD->W  ( DBOARD-ADDR PCADDR WORDCOUNT =3 )

35 0 DO

4 ROT ROT DDUP RAM& D>R 4. D+ ROT

5 DR> 3 PICK XD! 4 +

& LOOF  DDROP DROP ; '
7

8

9

10

11 g

12

13

14 -
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SCREEN #48 ' )
@ EXIT \ LIBFORTH FILE NAME FOR MICROCODE SAVES
1 DECIMAL
" 2 CREATE SAVE-FILE-NAME 30 ALLOT
T : SET-SAVE-FILE .
4 SAVE-FILE-NAME 30 0 FILL '
5 EL WORD SAVE-FILE-NAME OVER C& 1+ CMOVE 3
&
7 SET-SAVE-FILE CPU32.DAT
8
® : OFEN-SAVE-FILE ( -> FILE# OFFSETZ )
10 [COMPILE] MATH CURRENT-FILE @ OFFSET @

i1 FILEO ENSURE-CLOSED
12 SAVE-FILE~-NAME FILE-NAME OVER C@ i+ CMOVE OPEN g

13
14 : CLOSE-SAVE-FILE ( FILE% OFFSET# -> )
15 CLOSE  DFFSET ! CURRENT~-FILE ¢ 3
SCREEN #49

O \ SAVE MICROCODE IMAGE ON SCREENS 310-325 -- SAVE-MICROCODE
1 DECIMAL

2 : SAVE-MICRO-SCREEN ( START-uADDR SCREEN# -5 )

3 DUP BUFFER SWAP OFFSET @ + OVER 2- ! QOVER 256 + ROT
4 DO I  MRAM®&

5 3 PICK D! 4 + LOOP

6 DROF  UFDATE SAVE-BUFFERS j

; )

8 : SAVE-MICROCODE ( =>)

9 ( OPEN-SAVE-FILE )

10 RESET-EOARD 0O Sl

11 326 310 DO 2 EMIT DUP I SAVE-MICRO-SCREEN

12 258 < LOOP S

13 DROP ( CLOSE-SAVE-FILE ) 3

14 , .
13 A
SCREEN #50 \

0 EXIT \ LOAD MICROCODE IMAGE 3

{1 DECIMAL ¥

2 : LOAD-MICRO-SCREEN ( START-uADDR SCREEN# -5 )

3 ELOCK OVER 236 + ROT

4 DO DUF D@ I MRAM! 4 + LOOP

5 DROP ;

6

7 : LOAD-MICROCODE (=>) '
8 ( OFPEN-SAVE-FILE )

9 RESET-BOARD o}

10 326 310 DO 2 EMIT DUP 1 LOAD-MICRO-SCREEN

11 256 < LOOP

12 DROP ( CLOSE-SAVE-FILE ) >

13 .

14

15

SCREEN #3931
O \ MICRO-RAM ! AND @ .
HEX MATH \ Store B8 microwords. ADDR must be offset O into page

: MRAM!FAGE  ( ..LO.. 8xDMICRO-WORD ..HI.. ADDR =3 )
[ »» DEST=DECODE $SET 1 MIR-SETUF O 14 DLSLN X!

{ »» DECODE ;SET 1 MIR-SETUP CYCLE !
L5 :SET 1 MIR-SETUP CYCLE  CYCLE

NI
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() { >» DEST=MRAM ;SET MICRO-WORD D@ ] DLITERAL D>R
7 DR@ 1FOO OR MIR' X! \ Offset 7
8 DrR@ 1800 OR MIR!' X! \ Offset 6
9 DrRe 1700 OR MIR! X! \ Offset ©
10 DR@ 1000 OR MIR! X!° \ Offset 4
i1 DR@ OF00 OR MIR! X! \ Offset 3
12 DR@& 0800 OR MIR! X! \ Offset 2
13 DR@ 0700 DR MIR! X! \ Offset 1
14 { Offset O ) DR> MIR? X! H
15 DECIMAL
SCREEN #352
O \ LOAD MICRDCODE IMAGE ON SCREENS 310-325 -- LOAD-MICROCQODE
1 DECIMAL
2 VARIAERLE MICRO-ADDR
I : LOAD-MICRO-SCREEN ( START—uADDR SCREEN# -> )
4 BRLOCK MICRO-ADDR ! DUF 256 + SWAF
S DO 8 0 DO MICRO-ADDR @ D@ 4 MICRO-ADDR +! LOOP
b6 I MRAM!PAGE
7 8 +LOOF 3
8
9 : LOAD-MICROCODE ( =2 )
10 ({ OFEN-SAVE-FILE )
11 RESET-BOARD (0]
12 326 310 DO 2 EMIT - DUP 1 LOAD-MICRO-SCREEN
13 256 + LOOP
14 DROP { CLOSE-SAVE-FILE ) 3
15 A
SCREEN #53 ' \

O \ SAVE PGM RAM IMAGE ON SCREENS 327 - ... -t SAVE-BOARD-FORTH
1 DECIMAL MATH e
2 : SAVE-BOARD-SCREEN ( DROARD-ADDR SCREEN# -> )

3 DUP BUFFER SWAP OFFSET & + OVER 2- !

4 256 BOARD->W UFDATE SAVE-BUFFERS 3;

S

é : SAVE-ROARD-FORTH ( =>) ,
7 ( OFEN-SAVE-FILE )

8 RESET-BOARD 0.

9 SAVE-SIZE 1024. D/ DROP 327 + 327
10 DO 1 EMIT DDUP I SAVE~-BOARD-SCREEN

11 1024, D+ LooP
} 4 DDROP ( CLOSE-SAVE-FILE ) ;

13

14

15

SCREEN #54 ,
O \ LO&D PGM RAM IMAGE ON SCREENS 327 - ... -- LOAD-EOARD-FORTH
1 DECIMAL MATH
"2 : LOAD-BOARD-SCREEN ( DEOARD-ADDR SCREEN# -3 )
BLOCK ROT ROT 256 W->EOARD 3

"'

: LOAD-EOARD-FORTH ( => )
( OFEN-SAVE-FILE )
RESET-EOARD O.
SAVE-SIZE 1024. D/ DROP 327 + 327
DO 1 EMIT DDUP 1 (LDAD-BOARD-SCREEN
1024, D+ LOOF
DDROF ( CLOSE-SAVE-FILE ) ;

e ’
- 00N 4D
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12
1=
14

i35

SCREEN #S35

O \ LOAD-ALL & SAVE-ALL

i DECIMAL :

2 LOAD-ALL LOAD-MICROCODE LOAD-BOARD-FORTH

g .
<

3

4 : SAVE-ALL SAVE-MICROCODE SAVE-ROARD-FORTH
S

6 .

7

8

9

10

11

i2

i3

ig

i35

SCREEN #36

0 \ DATA STACK TO BOARD

1 HEX

2 ¢ DS-BOARD ( ...DSTACKIN:.. => )

3 STOP

4 DEFPTH 2/ 1+ NEGATE OFFF AND >R

S DEFTH O= IF O O THEN

& { >> DEST=DP :;SET 1 MIR-SETUP RQ@ O

7 OFFF R& DO o '

8 £ >> DEST=DS $SET 31 MIR-SETUP
? L >> INCLDP] 3SET 1 MIR-SETUP
10 € >> DEST=DP 3SET 2 MIR-SETUP R> O
11 L >> SOURCE=DS ALU=B DEST=DHI ;SET I M
i2 L »>> INCCDPI 3SET 1 MIR-SETUP CYCLE H
i3

i4 DECIMAL

iS5
SCREEN #57

0 N DATA STACK FROM BOARD

1 HEX ,

Z : BOARD->DS ( —-» ...DSTACKOUT... )

=t STOP

4 Sk ! [ »» SOURCE=DFP $SET 1 MIR-SETUF
S DUF QOO = IF DROF

& ELSE 1-

7 DUF OFFE = NOT

8 IF [ »> DEST=DF $SET 1 MIR-SETUP
9 OFFE SWAF DO

10 [ >> SOURCE=DS 3SET 1 MIR-SETUP
11 L >> DECLCDPI $SET

2 ELSE DROF THEN

13 [ >> SOURCE=DHI sSET 1 MIR-SETUP
14 THEN 3 ' '

9

DECIMAL

(-1

(=1}

\

"\
Y

\ Assume all 32-bit #'s

X!
X!
CYCLE LooP
Xt
IR:SETUP CYCLE

X@, DROP OFFF AND
OFFE. X!

X@ 28TACK

1 MIR-SETUP CYCLE LOOP

X@
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SCREEN #58 T
¢ \ BOARD VOCABULARY
DECIMAL  FORTH DEFINITIONS
: B-RES [ 'INTERPRET @ 1 LITERAL ‘INTERPRET ! 3

VARIAELE ‘EBINTER "INTERPRET @ °‘BINTER !

VOCAEBULARY BOARD~-VOC IMMEDIATE

s { ( =>) \ Enter board vocabulary/execution mode
CCOMPILE] BOARD-VOC DEFINITIONS '
‘BINTER @ 'INTERPRET !

10 ( Get rid of return stack junk )

11 R> K> DDROP ‘" INTERPRET & EXECUTE ;

12

13 FORTH DEFINITIONS

14 ‘

18 A\

VOmNOCUN AN~

SCREEN #59 \

\ NULL FOR BOARD VOCABULARY v

HEX  BOARD-VOC DEFINITIONS ¥

: X FORTH ELK @ \ Redefine null
IF STATE @ 7STREAM THEN R> DROP

FORTH DEFINITIONS

DECIMAL

VoNCUNHUE-O

10
11
12
13
14
15

SCREEN #&0
O

O ONO U DL -

SCREEN #61

\ SERVICE ARRAY

DECIMAL FORTH DEFINITIONS
CREATE SERVICE-ARRAY 512 ALLOT

: SERVICE-ENTRY ( CFA INDEX -> )
DUP 255 > OVER 0< OR

N UMN=C
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6 ABORT" INVALID SERVICE-ENTRY INDEX"
7 2% SERVICE-ARRAY + ! 7

8

9

10
11

12
13

14

15
SCREEN #62

0 \ SERVICE ARRAY INITIALIZATION

1 DECIMAL

2 : BAD-SERVICE-CALL ( => )

S *1 ABORT" CALL TO BAD SERVICE ROUTINE" ;
4

S & XXX \ SCRATCH

& 256 0 DO .
7 * BAD-SERVICE-CALL CFA I SERVICE-ENTRY LOOP 3
8

9 XXX  FORGET XXX

10

11 ¢« BAD-OPCODE ( Boards => ) R
12 CR CR ." ILLEGAL OPCODE -- RETURN TO PC FORTH SYSTEM® ABORT j

i3
i4 ° BRAD-OPCODE CFA 254 SERVICE-ENTRY
i3 '
SCREEN %567 :
O N\ SERVICE CALL FRIMITIVES
1 HEX
2 ¢ RESTART ( -» ) \ Restart FORTH board for concurrent usage
a L %% JMF=100 3SET 1 MIR-SETUP GO ;
4 Y
S : SERV-FAGE ( Board: -3
& RESTART FAGE
7 ' SERV-FAGE CFA 1 SERVICE-ENTRY
8
? ¢ SERV-KEY ( Board: O => CHAR )
10 L >> ALU=R DEST=DHI ;SET 1 MIR-SETUF
11 KEY O X! RESTART 3
12 * SERV-KEY CFA 2 SERVICE-ENTRY
13
14 DECIMAL
iS5
SCREEN #6464 ‘
0 \ SERVICE CALL PRIMITIVES - 2
DECIMAL .
: 8V-2ND ( -> D2ND.STACK.ITEM )

L >> SOURCE=DS ;SET 1 MIR-SETUP e s

SERV-READ ( Board: AD BLK# -> AD BLK# )

X@ DROP DUP >R

BLOCK SV-2ND 256 W->ROARD RESTART

\ Perform read of next block to have it available in RAM
R> 1+ BLOCK DROP -3

* SEF' READ CFA 3 SERVICE-ENTRY .

: SEi  -WRITE ( Board: AD BLK# -> AD BLK# )

[
O oW U B

[y
o
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12 XQ@ DROP ST
13 SV-2ND ROT OFFSET @ + BUFFER 25& BOARD->W
14 RESTART UPDATE SAVE-BUFFERS 3
15 ' SERV-WRITE CFA 4 SERVICE-ENTRY

SCREEN #&5 : \
0 \ SERVICE CALL PRIMITIVES - 3 v
1 HEX - >
2 : SERV-TERM ( Board: O -> FLAG )

3 L >> ALU=B DEST=DHI ;SET 31 MIR-SETUP
a 2TERMINAL

5 IF -1. ELSE 0. THEN X! RESTART 3
& ' SERV-TERM CFA S SERVICE-ENTRY

7

8 DECIMAL

9

10

11
12 :

13

14

15

SCREEN #66
O \ SERVICE CALL FRIMITIVES -2

1 HEX
2 : SERV-CR ( Board: EFRINT -> EPRINT )

3 EFRINT @ X@ OR EFRINT !

3 RESTART CR EFRINT ! ; ,
S * SERV-CR CFA 7 SERVICE-ENTRY

s .

7 DECIMAL

8

9

10

11

12

13

14
15

SCREEN #67
0 \ SERVICE CALL FRIMITIVES -3
1 HEX
2 : SERV-EMIT ( Board: CHAR -> CHAR )

3 X&@ RESTART DROP 0 EPRINT ! EMIT j

4 ' SERV-EMIT CFA B8 SERVICE-ENTRY

5

& : SERV-EMIT-PRINT  ( Board: CHAR -> CHAR )
7 X@ RESTART DROP 1 EPRINT ! EMIT j

8 ' SERV-EMIT-PRINT CFA 9 SERVICE-ENTRY

9 .

10 DECIMAL
11
12
13
14
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SCREEN #&8

0 \ NOP SERVILE CALL WORD

i DECIMAL

2 : NOP 3

3 * NOP CFA 0 SERVICE-ENTRY \ False hit on status register
4 * NOP CFA 255 SERVICE-ENTRY \ Halt command

S

6 )
7

8

4
10

i1 )
12 A

i3
14

15

SCREEN #&9
0O EXIT N\ SERVICE CALL WAIT LOOF WORD

. 1 HEX
2 \ Uses the DECODE instruction in SYSCALL OFFSET:2 to restart
3 : BSERVICE ¢ == )
4 BREGIN i
S BEGIN
b PTERMINAL I = ABORT" BREAK..."
7 STATUS UNTIL
8 STOF STATUS
9 DUF >R OFF AND 2% SERVICE-ARRAY <+ & EXECUTE
10 R> OFF = UNTIL O EPRINT !¢ 3
i1 DECIMAL
12
13
14
15

SCREEN #70
\ BERVICE CALL WAIT LOOP WORD -- HIGH SFEED
HEX
\ Uses the DECODE instruction in SYSCALL OFFBSET:2 te restart
CODE DO-SERVICE ( -» STATUS EXECUTE~-ADDRESS )
DX , # 302 MOV
REGIN DX , AL IN AL 4 AL DR <>07 UNTIL .
DX , # 304 MOV DX , AL OQUT DX , # 302 MOV - -
DX , AL IN AH , AH XOR A PUSH BX , AX MOV
BX , BX ADD AX , SERVICE-ARRAY [BX1 MOV AX PUSH
NEXT JMP END-CODE e
: BSERVICE ( =>)
BEGIN DO-SERVICE

[
N OO0 DHUAND

EXECUTE
13 OFF = UNTIL O EPRINT ! j
14 DECIMAL :
15 , o A
SCREEN #71 . \
\ EXECUTE & PROGRAM DN THE BOARD -- BEXECUTE
HEX  MATH ' -®

\ Uses the NOP instruction in OPCODE:0 OFFSET:S to run
: BEXECUTE ( «.STACKIN. DADDR => ..STACKOUT.. )
D>R | 7STACK _

PUNO



14
15

57

[ >> DEST=STATUS ;SET 1 MIR-SETUP 0. X!
L >> DEST=FLAGS

DS~>BOARD

L >> DEST=PAGE

5,053,952

C >> DEST=ADDRESS-LATCH $SET 1

[ >> DEST=DECODE

DDUP 7FFFFC. DAND X!
s SET 1 MIR-SETUP CYCLE
L :: JMP=100 3;SET 1 MIR-SETUP CYCLE CYCLE

[ >> DECODE

." START.." .
BOARD->DS O EPRINT !

SCREEN #72
\ OF-EXECUTE

VD ONO-U bR -

10
11
12
13
14

15

\

"HEX MATH

OFP-EXECUTE ¢

FFEFFFFF. DAND

ocC. 8. RAM!
RESET-BOARD
IF 10. DOR

FF8O0010., ( HALT

4. BEXECUTE
OFCODE-EXEC

BEDARD

D =%

GO BSERVICE

58

§SET 3 MIR-SETUP DR> DDUP X!
MIR-SETUP DDUP X!
$SET 1 MIR-SETUP S

~

.II END "

3 DECIMAL

( Reset status )
$SET 1 MIR-SETUP -1. X! ( Mask intrpts ),

\ Single step execute a primitive
{ I+ addr info present, make it a subroutine call )

8. 4. RAM!

( nop )
O7FFFFC. DAND DO=
DOR THEN O©OC. RAM!

DDUF
ELSE 2.

(N =>)

O 17 DLSLN OP-EXECUTE 3 : :
Jump start the board using the COLD execution vector

EOARD « -
RESET-EROARD
CPU32 EOARD

. SCREEN #73

)

s

14. BEXECUTE ;

DECIMAL

{ nop

OF-CODE 511 ) 10. RAM!

O \ REDEFINE INTERFRET FOR ROARD VOCAEULARY USABGE
1 DECIMAL
2 VARIAEBLE EBOARD-FENCE
EOARD-INTERPRET

hod
-

HERE EBOARD-FENCE !

4 BEGIN -FIND

S IF

b6 DROFP DUP BOARD-FENCE @
=z IF CFA EXECUTE

=] ELSE D& OF-EXECUTE

Q9 THEN

10 ELSE HERE °~ NUMERER DPL
11 NOT
12 THEN

i3 ?STACK AGAIN H

14

15 * BOARD-INTERPRET CFA ‘BINTER !
SCREEN #74

O \ CROSS COMPILER VOCARULARY SETUP

1 DECIMAL

2 * C-KES

3 [ "INTERPRET @ 1 LITERAL

4

5 VARIABLE ‘CINTER "INTERPRET @ ‘C
6

7 VOCABULARY CROSS5-VOC IMMEDIATE

8 .

? : CROSS-COMPIL 'R ( =>)

i0 (COMPILE] R08S-V0C ‘CINTER @
11 ) ’ ’

u< .

@ 1+

IF DROP THEN

INTER !

" INTERPRET
IMMEDIATE,

"INTERPRET ! ; \ Restore vector

INTERPRET



i2
i3 3
14
is

SCREE

O \ CROSS COMPILER VOCABRULARY SETUF

DE

00O d ) e

io
1t
12
13
14

15

FO
C

SCREE
O\

0
34
51

67

15
25
16
&8
78
i3 :

V0N UMD R

SCREE

VONOCWMBHUN-O

59

5,053,952

CC CCOMPILE] CROSS-COMPILER 3

N 875
CIMAL
FORTH-VOC
FORTH C-RES
EDIT C-RES
EDITOR C~-RES

RTH DEFINITIONS
s3END

N #76

[COMPILE]
ROSS-COMFILER DEFINITIONS

CROSS-VOC DEFINITIONS
{COMFILE]

FORTH g

{COMPILE] FORTH

EDIT
LCOMPILE]

CROSS-COMPILER

60

S
pra

IMMEDIATE

INTERFRET
EDITOR

9
INTERPRET 3

9

INTERFRET 3§ IMMEDIATE

IMMEDIATE

CONSTANTS FOR MICRO-CODE REFERENCES BY CROSS-ASSEMBLER

OP-VALUE Q0
OF-VALUE
OP-VALUE

1 OF-VALUE
OP-VALUE

OP-CALL-VALUE

0P-CALL-VALUE
opP-CALL-VALUE

7 OP-CALL-VALUE

OFP-CALL-VALUE
OP-CALL~VALUE
OF-EXIT-VALUE

N #77

[NOP1
[DO1]
CHALTI]
CDOCON]

DECIMAL CROSS~-COMPILER DEFINITIONS

MATH

23 DLSLN DCONSTANT 3

00 23 DLSLN
COBRANCH1
[+L.00F1
LLOOP]
[DOVAR1
CLITY

00 23 DLSLN 1.

00 OP-EXIT-VALUE [EXITI

137 OP-VALUE L[11

D+ DCONSTANT

2. D+ DCONSTANT

o

¢

23 O0OP-VALUE [SYSCALLJ
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SCREEN #78
O \ OPTIMIZING COMFILER VARIAELES, ETC.
1 DECIMAL
© 2 VARIARLE OFT-STATUS
3 \ 1 = previous instruction is a defaulted JMF
4 \ 4 = previous instruction is a CALL N
5 \ B = previous instruction can not be changed
b6
7 : DEFAULT-JUMP 1 OFT-STATUS ! 3
8 : IS-A-CALL 4 DFPT-STATUS ! 3
9 : DON'T-DISTURE 8 OFT-STATUS ! j
10 '
11
i2
13
14
15
SCREEN #79 _
0 \ CROSS-COMPILER DICTIONARY HANDLING --1
1 DECIMAL CROSS-COMPILER DEFINITIONS MATH
2 32 CONSTANT USER-AREA
3 VARIAERLE BDP 200 BDP ! \ 10 .. 200 is USER area
4 : BHERE ( => N )
S BDP @
&6
7 ¢+ DATA, (D =>) \ Send data word to the dictionary
8 BHERE FORTH O RAM! CROSS-COMPILER 4 BDP +! 3
~]

10 : DATAC, (B -3 \ Send data byte to the dictionary
11 BHERE FORTH O RAMC! CROSS-COMPILER 1 BDP +! 3

13

14 .
15 N
SCREEN #80 ‘ \

O \ CROSS-COMPILER DICTIONARY HANDLING —-2 1

1 HEX CROSS-COMPILER DEFINITIONS MATH

2 : OPCODE, ( D-MICRO-CODE-INSTRUCTION -> )

3 FORTH FFEFFFFF. DAND CROSS-COMPILER \ Mask “special” bit
a EHERE 4 + 0 DOR DATA, DEFAULT-JUMP ;

5

6 : CALL, ( D-Subroutine-address -> )

7 OPTIMIZE? @ : ‘
8 IF OPT-STATUS @ 1 = |

9 IF -4 BDP +! BHERE O FORTH RAM@ CROSS-COMPILER

10 '~ FF800000. DAND ' DOR - THEN R

11 THEN _

12 1S-A-CALL 2 0 DOR DATA, ; -

13 DECIMAL :

14

15
SCREEN #81

O \ CROSS-COMFILER DICTIONARY HANDLING ~-3

1 HEX CROSS-COMPILER DEFINITIONS ~ MATH

2 : EXIT, ¢ =)

3 10

4

OFTIMIZE? @ .
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3 IF OFT-STATUS @ 1 = \ If { status, combine the EXIT
6 IF -4 BDF +! BHERE O FORTH RAME& CRQSS~-COMPILER
7 FFBCOOOO. DAND DOR THEN
8 OFT-STATUS @ 4 = \ If 4 status, do tail recurs. elim,
9 IF DDROF -4 BDP +! BHERE O FORTH RAM® CROSS-COMPILER
10 FFFFFFFC. DAND THEN
i1 THEN -
i2 DATA, DON'T-DISTURB 3
i3
14 DECIMAL

15

SCREEN #87
)

[\ S

0 0N O0 S

SCREEN #83
\ CROSS-COMPILER LITERAL HANDLING
DECIMAL CROSS-COMPILER DEFINITIONS
: BLITERAL (D => ../D)
STATE @
IF ([LIT] BHERE 8 + 0 D+ DATA,
DATA, DON'T-DISTURB THEN 3

s DBLITERAL (Q -> ,./Q )
STATE @
IF DSWAP  BLITERAL BLITERAL THEN 3

BN BU - O

10

11 HEX _ .
12 : WORD-ALIGN ( -2 ) >
i3 4 BDP @ 3 AND - 3 AND

14 ?DUF IF O DO BL DATAC, LOOP THEN g
15 DECIMAL

SCREEN #34

\ CREATE FOR CROSS~-COMFILER

HEX CROSS~-COMFILER DEFINITIOGNS

VARIABLE EBLATEST O BLATEST !

: BCREATE ¢ =2 ) \ Create a header on both IEM and Board
(COMFILE] BOARD-VOC DEFINITIONS FORTH RESET-EOARD CREATE
CROSS-COMFPILER ¢ At run time EBOARD-VYOC is still current )
WORD-ALIGN BLATEST @ O DATA, EBHERE BLATEST !

LATEST C& OiF AND 8000 DATA,

LATEST DUP C& OiF AND o]

DO 1+ DUF Ce& 7F AND DATAC, LOOF DROP

WORD-ALIGN  [COMPILE] CROSS-VOC DEFINITIONS DON'T-DISTURE g

¢

—~

0 O NO L) D

-
-
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12 : ESMUDGE ¢ =>)

13 BLATEST @ DUFP FORTH O RAM@ 2000 XOR
14 ROT 0 RAM! CROSS-COMPILER H

15 DECIMAL

SCREEN #8%5

66

O \ OPCODE: --—— DEFINE A MICROCODE DEFINITION

1 HEX CROSS-COMFILER DEFINITIONS :

2 : OFCODE: ( N -> ) ( LDADING: Usage 17 DPCODE: <name> )
3 ( Executing <name> gives formatted micro-code reference )
4 DUF INSTRUCTION

S BCREATE 0 17 DLSLN DDUF D, OPCODE, DON‘T-DISTURB
6 BLATEST @ . .

7 FORTH DUP O RAME@& 1000 OR ROT O RAM!

8 CROSS~-COMPILER EXIT,

9 (COMFILE] FORTH H

10 )

11 DECIMAL

12

13

14

15
SCREEN #86

0 \ ABORT" ." FOR CROSS-COMPILER

1 HEX CROSS-COMPILER DEFINITIONS

2 VARIABLE ARORT"-ADDR VARIABLE ."-ADDR
3 BOARD-VOC DEFINITIONS

4 : ABORT" { FLAG =-> ) CROSS-COMPILER ( Evenly /4 # bytes )
S ABORT"-ADDR @ 0 DATA, 22 WORD

é COUNT DUP 3 + FFFC AND O DATA, OVER + SWAP

7 DO 1 Ce DATAC, 1 /LOOP WORD-ALIGN ~( Fills w/blanks )’

8 DON‘T-DISTURB ; IMMEDIATE

9

10 : " ¢ =>) CROSS-COMPILER

11 ."-ADDR @ 0 DATA, 22 WORD

12 COUNT - DUP O DATA, OVER + SWAP :

13 DO I C& DATAC, 1 /L00P WORD-AL.IGN
14 - DON’'T-DISTURE ; IMMEDIATE
1S CROSS-COMPILER DEFINITIONS DECIMAL

SCREEN #87 B
O \ IF..THEN FOR CROSS-COMFILER
. 1 HEX EQOARD-VOC DEFINITIONS
2 IF ( -» PATCH-ADDR 222 )
CROSS-COMFILER BDF @ COBRANCH] DATA, 222
DON'T-DISTURE 3 IMMEDIATE

i

CROSS-COMFILER 222 ?PAIRS FORTH DUFP O RAM@
CROSS-COMPILER EDP @ O D+ ROT FORTH O RAM!

4
S
& 3 THEN ( FATCH-ADDR 222 -> )
7
8

9 CROSS~COMFILER DON'T-DISTURB 3
10 IMMEDIATE

11

12 DECIMAL

13

14

15
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SCREEN #88 -
0 \ ELSE FOR CROSS-COMPILER
1 HEX  BOARD-VOC DEFINITIONS ,

68

2 ¢ ELSE { PATCH-ADDR1 222 -> PATCH-ADDR2 222 )

3 CROSS-COMPILER 222 7PAIRS 0 0 DATA, ( Jump NOF opcode )
4 OPTIMIZE? @

5 IF OPT-STATUS @ 1 =

& IF ( Redirect jump to after the THEN )

7 -4 EDP +! BDP @ 4 - DUP FORTH O RAME&

8 FFB800000. DAND ROT O RAM! CROSS-COMPILER

Q THEN

10 THEN

i1 EDP @ 4 -
12 SWAP 222 BOARD-VOC C[COMPILEl THEN 222
13 IMMEDIATE

=D

14 DECIMAL
15
| B

SCREEN #8% \

O \ CROSS COMFILER BEGIN AGAIN \

1 HEX  BOARD-VOC DEFINITIONS MATH b

2 : EBEGIN ( => JMP-ADDR 333 )

3 CROSS-COMFILER  ?COMP EBDF @ 333 DON‘T-DISTURE ;

4 IMMEDIATE -

)

& : AGAIN ( JMP-ADDR 333 ~-> )

7 CROSS-COMFILER 333 ?PAIRS O '

8 OFTIMIZE? @

9 IF OPT-STATUS @ 1 =

10 IF ( Redirect jump in previous word )

i1 -4 BDP +! BHERE 0 FORTH RAM@ a
12 FFB800000. DAND DOR. CROSS~-COMPILER
13 THEN THEN

14 DATA, DON’T-DISTURE 3

15 IMMEDIATE DECIMAL
QCREEN #90

\ CROSS COMFILER UNTIL

i)

1 HEX EQARD-VOC DEFINITIONS
"2 s UNTIL { JMF-ADDR 333 -3 )

53 CROSS-COMFILER 333 ?FPALRS O [OBRANCH1 D+ DATA,
4 DON' T-DISTURE 3 ,
5 IMMEDIATE

o

7 CROSS-COMPILER DEFINITIONS DECIMAL

8

C?

i ]

11

12

13

14

15

SCREEN #91

O \ CROSS COMFILER WHILE REFEAT

1 HEX EOARD-VOC DEFINITIONS

2 5 WHILE ( JMP-ADDR 333 -> JMP-ADDR 333 PATCH-ADDR 224 )
3 [COMPILEY IF 2+ 3

4 IMMEDIATE
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69 : 70

: REFEAT ( JMP—ADDR 333 PATCH-ADDR 224 —> )
>R >R [COMPILE] AGAIN
K> R> 2- [COMPILE] THEN ;

IMMEDIATE

omoNo O

10

11 CROSS-COMPILER DEFINITIONS DECIMAL
12

13

14

15

SCREEN #92
\ CROSS-COMFILER .. DO LOOP +LOCP
HEX BOARD-VOC DEFINITIONS
: DO ( ->» JMF-ADDR 4444 )
CROSS-COMFILER (DO] OPCODE, DON'T-DISTURB BDF @ 4444 ;
IMMEDIATE

: LOOP ( JMP-ADDR 4444 -> )
CROSS-COMPILER 4444 7FPAIRS O [LOOFP] D+ DATA,
DON’'T-DISTURB 3 IMMEDIATE

|
COOBNOCUMHLWUHMN-O

: +LOOP ( JMP-ADDR 4444 -5 ) .
11 CROSS-COMPILER 4444 ?PAIRS O [+L0OOP] D+ DATA,
12 DON‘T-DISTURE ; IMMEDIATE

14 CROSS-COMPILER DEFINITIONS DECIMAL

SCREEN #93 , ‘
O \ CONSTANT VARIAEBLE USER FOR CROSS-COMFILER

1 DECIMAL CROSS-COMFILER DEFINITIONS

" 2 VARIABLE DOUSE-~ADDR \ MUST be set by cross—compiled code
3 1 USER ( VALUE -3> ) .
4 ECREATE ~ BHERE 2 OR 0 D, DOUSE-ADDR @ ¢ CALL,
S 4 * O DATA, [COMPILE] CROSS—~COMFILER DEFINITIONS
&6 DON'T-DISTURE 3

7 : VARIABLE
8 BCREATE BHERE 2 DR O D,
9 [DOVAR] OPCODE, O O DATA, DON'T-DISTURB

10 [COMFILE] CROSS-COMPILER DEFINITIONS ;

11

12 : CONSTANT ¢ DVALUE -3 )

13 BCREATE BHERE 2 OR 0 D,

14 C[DOCON] OPCODE, DATA, DON'T-DISTURB

15 [COMPILE] CROSS-COMFPILER DEFINITIONS 3

SCREEN #%94

\ CROSS-COMPILER EXIT

HEX BOARD-VOC DEFINITIONS

: EXIT « ->
CROSS-COMPILER EXIT, 3

IMMEDIATE

CROSS-COMPILER DEFINITIONS DECIMAL

COONTDLPUNSO
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i1 e

12
13

i4
15
SCREEN #95 : \

0 \ BOARD VOCABULARY DEFINITIONS % UTILITIES‘

1 DECIMAL EOARD-VOC DEFINITIONS

2 3 ¢ =>)) \ Leave board vocabulary/execution mode
3 B-RES ([COMPILE] CROSS-VOC DEFINITIONS

4 FORTH R> R> DDROP

S [COMPILE}Y CROSS-COMPILER 3

é

7 CROSS-VOC DEFINITIONS '
8

9 : BLIST [COMPILE] BOARD-VOC VLIST [COMPILEJ CROSS-YGC j
1 O N R L TCRE S LN feia .
11 : B’ C(COMPILE] BOARD-VOC C[COMPILE]Y °

12 [COMPILE] CROSS-VOC 3 IMMEDIATE

13

14

iS5
SCREEN #9%

O\ ( 3 DEFINITION FOR CROSS-COMFILER

1 HEX MATH
" 2 BOARD-VOC DEFINITIONS

T s« \ Required to allow stachk comments

4 -1 >IN «! 29 WORD Cé& i+ HERE <+ N

5 Ce 29 = NOT 7STREAM 3 IMMEDIATE

5 ;

7 ¢ 3

8 CROSS-VOC EXIT,

9 [COMPILEY CROSS-VYOC DEFINITIONS

i0 BSMUDGE SMUDGE CCOMPILEY € 3 IMMEDIATE
il

12 CROSS-COMFILER DEFINITIONS DECIMAL

13

i4

1S

SCREEN #97

0 \ SEAL BOARD VOCAEBULARY
i HEX EOARD-VOC

2" X (X is the null used in the BOARD vocabulary )

3 FORTH DEFINITIONS

4 8QCO O0OVER NFA ! ( Make null header out of X )
5 .

) LFA 0 SwWapP !

7 HERE BOARD-FENCE ! : :
8

2 DECIMAL

10

i1

i2

i3

14
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SCREEN #98 : \

O \ COLON DEFINITIONS FOR CROSS-COMPILER v

1 HEX *

2 CROSS-COMPILER DEFINITIONS

3 : SFECIAL ( =>) \ Used for DON'T-disturb tag by CPU/32

4 HERE 4 - D@ 40 OR HERE 4 - D! \ SBet "special" bit

) BLATEST @ FORTH

b6 DUP O RAME@ 0800 OR ROT O RAM! FORTH 3 CRDSS—COMPILER.
7 .

8 : POISON ¢ =>) \ Used for non-interactive tag by CPU/32
9 \ A poison word crashes system when entered in immediate mode
10 \ e.g. LIT, >Ry «e: This makes outer interpreter better
11 BLATEST @ FORTH :

12 DUP O RAM@ 0400 OR ROT O RAM! FORTH g . CROSS-COMPILER
13 »,.,:,.:-'5._‘:,.:;_ BT A
14 CROSS-COMPILER DECIMAL

SCREENMN #99
O \ COLON DEFINITIONS FOR CROSS“COMFILER
HEX
CROSS-COMFILER DEFINITIONS
: IMMEDIATE ( -3 )
BLATEST @ FORTH ¥
DUF O RAME@& 4000 OR ROT © RAM! FORTH 3 CROSS-COMPILER

2 e { Usage: : <name’> )
EBCREATE EHERE 2 OR o D, LCOMPILE] BOARD-VOC
SMUDGE BSMUDGE ] FORTH
10 CROSS-COMPILER DECIMAL

000 SN0 s dp) -

SCREEN #100
\ REDEFINE INTERPRET FOR CROSS-COMFILER

=

1 HEX FORTH DEFINITIONS

2 VARIAELE CROSS-FENCE HERE CROSS-FENCE !

3 : CROSS-INTERFRET

4 EBEGIN -—FIND
S IF STATE @ <

é OVER CROSS-FENCE @ U> :

7 IF IF Da CROSS-COMPILER OVER 2 AND

8 IF CALL, ELSE DUP >R OPCODE,

9 ( Test "special” bit ) R> 40 AND IF DON‘'T-DISTURB THEN THEN
10 FORTH ELSE De CROSS-COMPILER OP-EXECUTE FORTH THEN
11 ELSE ABORT" ILLEGAL COMPILAND" CFA EXECUTE THEN
12 ELSE HERE NUMBER CROSS-COMPILER BLITERAL FORTH
13 DPL @ 1+ ©O= STATE @ O= AND IF DROP THEN

14 THEN 7?8TACK AGAIN 3 .
15 °© CROSS-INTERFRET CFA ‘CINTER ! DECIMAL FORTH DEFINITIONS

SCREEN #101 \
q
>

P AN S )
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BN URN )|

10
11
12

13
14
15

SCREEN #102

5,053,952
76

O\ DUMFP-RAM AND INIT-STACKS . TESTING/UTILITY WORDS

1 FORTH DEFINITIONS

Z DECIMAL

Z : DUMF-RAM ( START END = MATH
4 HEX CR 4 + SWAP DO y
5 I . ."=" 10RAME 8 DU.R CR 4 /1.00FP g
&6

7 s INIT-STACKS ¢ =2

8 O :: DEST=RS DECIRP]1 §SET

9 4100 O DO O O X! LOOP

10 0 3: DEST=DS DECILDPJ 3SET

11 4100 0 DO O O X! LOOP 8

i4

SCREEN #103

O \ 32-RIT FETCH AND STORE IN PROFER BOARD BYTE ORDER

2 CODE XD! ( D ADDR -3 )
3 BX POF DX POP AX
4 [EX] , AL MOV

S 2 [BXl 4, DL MQV

é NEXT JMFP END-CODE
7
8

CODE XD@ ( ADDR -> D)
9 BX FOF
10 AL 4 O [BX1 MOV
i1 DL , 2 [BX1 MOV
12 AX PUSH. DX PUSH
13 NEXT JMP END-CODE
14 DECIMAL

15

SCREEN #104

= QOB NECUP U O

[y

\ Stores in 10..hi byte order
poP
i [BX3 , AH MOV
3 [BX1 , DH MOV

\ Fetches in lo..hi byte order

AH , 1 [BX1 MOV
DH -, 3 CBXI MOV

S
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12
13
14

15

SCREEN #1035
O EXIT \ 32 RIT MICROCODE SOURCE - NOTES % LOAD SCREEN
1 ASSUME: 1. Top element in DS is in DHI reg.

2

4 NOTE: THE OF-CODES OF NOP AND HALT “
S MUST NOT BE CHANGED!!'!!

& NOP = O

7 HALT = 1

8

Q

1) .Return stack too slow to get thru ALU on 1 cycle

10 Can copy to DS and to DLO, LATCH, ETC.

11 2) RAM too slow to go thru ALU during read

12 3) RS/RF Can’t be used on 1st and last cycle (Except SPECIAL)
13 4) Don't use RS thru address-latch & do RAM on next cycle

14 5) Don't use Z test after ALU MATH function

15 (also means no ALU math function with END)

SCREEN #1046
\ MICROCODE =--- NOF(2) (n) = # clock cycles
DECIMAL CROSS-COMFILER -
O OFCODE: NOF ¢ =>) \ MUST be opcode O !t!1i1tit
:: DECODE 33
1 :: END j;;

-
CVONDU WL O
7

Special NOP for initialization use in restarting board
3 s ;3
4 232 33
5 :: 33
é :: DECODE 33
11 7 3: END 33
12 ;3END
13 SPECIAL
14
1S \
SCREEN #107 \
O \ MICROCODE ~--- HALT (4+X) v
1 DECIMAL CROSS-COMPILER *
2 511 OPCODE: HALT (¢ =>) \ -1 is flag to PC host
3 0 :: SOURCE=DHI DEST=DLO ALU=-1 DEST=DHI 33
4 1 :: SOURCE=DLO DEST=LATCH
S 2 :: SOURCE=DHI DEST=STATUS
6 SOURCE=LATCH ALU=B DEST=DHI ;3 ,
7 3 s JMP=0O11 ;3 \ Infinite loop
8
_ 9 53END N ,
: 10 - - TR - Aagt e - R Eaw,
11 R
12
13 -
14
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4,980,821

200

RE <+

199

S : COLD ( —> )

& EMFTY-EUFFERE

7 FAGE CR CR

e 19 SFACES ." The WISC CFRU/1&M CR CR

g 19 SFACES ." with MVFFORTH/1&6 Y CR CR
10 14 SFACES ." 14 March 1987" CR CR

i1 G EFRINT !

2 FIRST USE ! FIRST FREV !

3 DECIMAL ABDRT 3

14 '

1S DECIMAL
CR #224

O\ MVF-FORTH SOURCE —-— WHERE

1 HEX CROSS-COMFILER

2 : WHERE ( -2 )

3 BLE @

4 IF BLEK @ DUP SCR ! CR CR ." SCREEN #"
S DUF . >IN @ 3IFF MIN C/L /MOD DUF
& . LINE #" . C/t ¥ ROT BLOCK +
7 CR CR C/L -TRAILING TYFE

8 SIN @ IFF » 1 AND +

4 ELSE >IN @
10 THEN CR HERE 1+ € DUF >R — HERE 1+
11 i+ @ BL =
12 IF 1- THEN SFACES R> O
1= DO SE EMIT LOCF j

14 B° WHERE @ { <WHERE-ADDR: ! 3% \ Vector for
1S DECIMAL

ECR #2Z5

o\ MYP-FORTH SOURCE -- <LOAD: LDAD THRU
1 HEX CROGS~-COMPILER

2 : <LOAD> (N -5 )

3 FDUF NOT ARORT" UNLOADABLE™

4 Bl @ »ROrIN @ SR

S O PIN Y BLE ' INTERFRET

& FaooosIN ¢ R OBLE ! 3

7

e B’ <LDAaD> @ <€ 'LOAD ! 3

9 LOAD (N == )

10 LOAD @ EXECUTE ;

11

12 ¢ THRU ¢ NI N2 =X )

13 1+ SWaF po 1 U. I LOAD

14 ~TERMINAL ABORT" EREAK..." LOOF 3

1S DECIMAL

SCR ¥ZZ6&
0\ MYF-FORTH SOURCE —— CREATE
1 HEX CROSE-COMPILER
2 CREATE ( =* )
z EL WORD Dur 1+ @
4 0= ABORT" ATTEMFTED TO REDEFINE NULL"
S DUF CONTEXT @ @ <FIND>
& IF DDROF WARNING @
7 IF DUF COUNT TYFE SFACE L' ISNT UNIQUE" CR
a THEN
9 THEN

[y
Lo

LATEST , (¢ Store LFA ) HERE CURRENT @

<ABRORT">
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81 82
6 33END .
7 SFECIAL
8
9
10
11
12
13
14
15
SCREEN #112
© \ MICROCODE --- !{4) Store within same page
1 DECIMAL CROSS-COMPILER
2 7 OFCODE: ! ¢ N ADDR -2 )
3 O z: 33
4 1 :: SOURCE=DHI DEST=ADDRESS-LATCH ;3
S 2 :: SOURCE=DS DEST=RAM INCCDP] DECODE 33
6 3 :: SOURCE=DS ALU=E DEST=DHI INCCDP] END 33
7
8 33END
4
10
11
12
13
14
15
SCREEN #113 \
0 \ MICROCODE --- +(2) \
i DECIMAL CROSS-COMPILER S
2 8 OFCODE: + { N1 N2 -> NSUM )
2 SOURCE=DS ALU=A+R DEST=DHI1 INCIDP] DECO
1 :: EN

gaoNowUe G
m
z
(@)

oo

10 — -

11

12 ~

13

14

15
SCREEN #114

O\ MICROCODE ——- +!(&)

1 DECIMAL CROSS~-COMFILER

2 § OFCODE: +! ( N ADDR -3 ) .

3 \ Fetch operand

4 © :: GSOURCE=DS INCILDFl 33 \ Load N into bus latch
5 1 :: SOURCE=DHI  DEST=ADDRESS-LATCH ALU=B DEST=DHI
& 2 :1: SOURCE=RAM DEST=DLO ;: :

7 % :: SOURCE=DLO ALU=A+E DEST=DHI ;;

8 4 :: SOURCE=DHI DEST=RAM DECODE ;3
? S ¢+ SOURCE=DS ALU=ER DEST=DHI INCCDF] END 33
O 33END

[ Y

LA

E

(YT Ry
- we
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=) 2 :: SOURCE=DS DEST=ADDRESS-COUNTER INCLDP1 83
7 3 88 33

8 4 3z SOURCE=RAM DEST=DECODE DECODE 33

9 S 33 SOURCE=DS ALU=p DEST=DHI INCILDP1 _ END g3
10 h

11 33END

12 POISON SFECIAL
13
14

15

SCREEN #2164

O \ MICROCODE —=--— WFILL({8+2%N)

1 DECIMAL CROSS-COMFILER ’

2 129 OPCODE: WFILL ( ADDR WORD-COUNT WORD -3 )
\ Move count to DHI and value to DS

3 O s:  SQURCE=DS DEST=LATCH 3

S 1 :: SOURCE=LATCH ALU=B DEST=DHI

b SOURCE=DHI DEST=DS INCILDF3J g3

7 \ Stash ADC value in DLO, set ADC to ADDR for fill

8 2 :: SOURCE=ADDRESS-COUNTER DEST=DLO 3; \ Save ADC
9 3 :: SOURCE=DS DEST=ADDRESS-COUNTER ALU=A-1 DEST=DHI
10 DECLDFPI INCILMPCI 33

il 4 33 . JMP=008 33

12

13

14

15

SCREEN #2217
¢ \ MICROCODE —--- WFILL --2

DECIMAL CROSS-COMPILER
130 CURRENT-0OPCODE !
( Fill another word )
O :: SOURCE=DS DEST=RAM ALU=A-1 DEST=DHI
INCLADC] JMP=111 g3

7 :: SOURCE=ADDRESS~COUNTER DEST=ADDRESS-LATCH JMP=00S 33

N ONOW BN

o

1 :: INCIDP] SOURCE=DLO DEST=ADDRESS-COUNTER 33
10 2 33 INCLDP - DECODE 33
11 3 :: SOURCE=DS ALU=B DEST=DHI INCLDP] END ;3
12 :
13 33END
14

1S

" SCREEN #218

0 \ MICROCODE =--- 1(3)
i DECIMAL CROSS-COMPILER \ ( Used by xcompiler!)
2 137 OPCODE: &1 ¢ => 1)

0 :: DECIDP] SQOURCE=DHI DEST=DLO
ALU=0 DEST=DHI 53
1 :: SOURCE=DLO DEST=DS

ALU=A+1 DEST=DHI DECODE 33
ss END g3 ’

= O QOB

s



5,053,952

85 86
2 13 OPCODE: 0< ( N => FLAG )
3 0 :: JMP=01S DECODE ;3
4
S ( >=0) 2 :: ALU=0 DEST=DHI END 33
6 ( <0 3 s ALU=~1 DEST=DHI END 3;;
7 33END :
8
9
10
11
12
13
14
1S

SCREEN #119

END 33

0 \ MICROCODE --- 0=(2) v

1 DECIMAL CROSS-COMPILER *

2 14 OFCODE: 0= ( N -=> FLAG )

3 :3 JIMP=012Z DECODE 33

4

S ( =0) 2 3:: ALU=-1 DEST=DHI END 33

6 (<0 ) 3 :1: ALU=0 DEST=DHI END 33

7 33END

8

9
10
11 .
12 h
13
14 ,
15

SCREEM #1Z2aG

¢ N\ MICROCODE --- GBRANCH(Z/4) Favors taking the branch
1 DECIMAL CROSS-COMFILER '
"2 1S OFCODE: ORRANCH ( FLAG -2 )

2N 0O flag =» branch non-0 flag => go to next instruction
4 \ Must ALWAYS be used with a CALL attribute!}!!!

S O :: SOURCE=ADDRESS-COUNTER DEST=DLO JMP=01Z ;3
&6 \ FLAG=OQ Allow compiled branch to take affect

7 2 :: INCLCRP] JMF=001 DECODE ;3

8 1 :: SOURCE=DS ALU=B DEST=DHI INCLDP]

9 \ FLAG<>»O Override compiled branch

16 I :: SOURCE=DLO DEST=ADDRESS~COUNTE

i1 \ Wait for RAM access

1z 4 :: SOURCE=RAM DEST=DECODE
13 S :: SOURCE=DS ALU=B DEST=DHI
14 ;;END FOISON SPECIAL

15

SCREEN #121

\ MICROCODE --= 1+(2)

DECIMAL CROSS-COMPILER

16 OFPCODE: 1+ { N => N+1 )
0 :: ALU=A+1 DEST=DHI

1
ssEND

NOCOMH = C

33 ( Also sets latch

INCIRP]
INCCDP]

DECODE ;3
END 33
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87
8
9
10
11
12
13
14

iS

 SCREEN #122 .
MICROCODE =—=— 1~(2)

SN
i DECIMAL CROSS-COMPILER
2 17 OFCODE: 1- ( N -> N-1)
3 Q 2 ALU=A-1 DEST=DHI
4 1 33 :
S 33END
&
7
8
9
10
11
i2
i4

SCREEN #1223

O \ MICROCODE === 2%(2)
1 DECIMAL CROSS-COMFILER
= 18 OPCODE: 2% ( N =2 N+N )
3 0O 23 ALU=A<+A DEST=DHI
4 1 s
S 33END
&
7

8

9
i0
i1
12
13
14
i35

SCREEN #124
O \ MICROCODE ~-—— 2/(3)
i1 DECIMAL CROSS-COMPILER

2 19 OFCODE: 2/ ( N -> N/2)
3 :: SOURCE=DHI DEST=DLO
4

5 ( positive ) 2 :: SOURCE=DLO
3

7 7 :: END 33

8

2 ( negative ) 3 sz ALU=A CIN=
10 JMP=102

i1 .

12 ( =-1 ) 4 sz ALU=0 DEST=
13 ¢ <>-1) 5 83

14 33END

18

88
3
¥
DECODE 33
END 33
DECODE 33
END g3 ¢
ALU=A+1 DEST=DHI JMP=018 ;

ALU=E SRLALU] CIN=0 DEST=DHI
JMP=111 DECODE gy

1 SBRIALUD DEST=DHI

DECODE ;3
DHI END
END

b9
435

3
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SCREEN #125 A g \ '

0 \ MICROCODE --- <(5) ####% BENEFITS FROM DEST=DHI uBIT ####
1 DECIMAL CROSS-COMPILER *

2 20 OPCODE: < ( B A -> FLAG )

3 \ Test for different signs .

4 0 :: GSOURCE=DS ALU=AxorB 33

S 1 :: SOURCE=DS ALU=AxorB JMP=01S ;;

é ( Same sign inputs )

7 2 :: SOURCE=DS ALU=A-B-1 JMP=101 ;3 '
8 5 :: INCLDF] JMP=118 DECODE 33

9 6 33 ALU=-1 DEST=DHI END ;3

10 t:  ALU=0 DEST=DHI END ;3

11 .

12 ( Different sign inputs -- < if B is negative )

13 13 SOURCE=DS ALU=notB JMP=101 33

14 33;END

15

SCREEN #126

- 0\ MICROCODE --- <#=8TEF>(13)

1 DECIMAL CROSS-COMPILER \ Single character string match

2 23 OFCODE: <%=8STEF» .

3 ( FLG AD1 ADZ2 CNT -> FLG’' AD1’ ADZ’ CNT' )

4 \ Increments AD! AD2, Decrements CNT

S\ IF <», CNT <= -1 FLG <= 0

6 O :: SOURCE=DHI DEST=DLO 335

7 1 :: SOURCE=DS ALU=E DEST=DHI DEST=ADDRESS-LATCH

8 DECCLRF1 33

9 2 :: SOURCE=DLO DEST=RS ALU=A+1 DEST=DHI ;3
10 3 :: SOURCE=DHI DEST=DS INCLDP]1 ALU=0 DEST=DHI ;3
i1 4 :: SOURCE=RAM-RYTE DEST=DLO ALU=A+1 DEST=DHI ;3
12 S :: SOURCE=DS ALU=A+E DEST=DHI DEST=ADDRESS-LATCH
13 INCIMFC]I ;3

14 6 :: SODURCE=DHI DEST=DS IMF=000 ;3

SCREEN #127

Q

\

MICROCODE --- <{$=STEF} —--2

1 DECIMAL CROSS-COMPILER \ Single character string match
2 24 CURRENT-OFCODE !

3 ¢ :: SOURCE=DLO ALU=B DEST=DHI 3;;

4 1 :: SOURCE=RAM-BYTE DEST=DLO 33

S 2 :: SOURCE=DLO ALU=AxorB DEST=DHI ;3

) 3 :: ALU=0 DEST=DHI INCCDPF]

7 SOURCE=RS DEST=DLO INCLRPJ] JMP=10Z 33

8 ( Bytes are <> FPlace 0 in flag, -1 in count )

9 S :: SOURCE=DHI DEST=DS DECCDP1 DECODE 33

10 é 13 ALU=notA DEST=DHI " DECCDP1 END 33

11

12 ( Bytes are = Leave flag non-0, decrement count ) -
13 :: SOURCE=DLO ALU=A-B DEST=DHI \
14 DECEDP1 JMF=110 DECODE ;'
15 ;;END

!

SCREEN #1728 . >

© \ MICROCODE ——-— <+LOOFP>(9/11) -1

1 DECIMAL CROSS-COMPILER

2 \ Always use with CALL attributet!!!!

3 \ IMFPLICIT LOOP RANGE SPAN OF 80000000 Hex

4 25 OPCODE: <+LOOF> (N ->) ( RS: LIMIT COUNT -> ... )
S \ Capture non—-looping address in address latch



SCREEN #1%9

o~

OB RY e

b b s
J v T

P

-t b
P

-
w

5,053,952
91 92

INCLRPI 33

O s
1 33 SOURCE=RS DEST=DLO INCEMPCI 33
2 33

\NOMI

SOURCE=DLO ALU=A+B DEST=DKI
JMP=018 33 \ Add N to counter

CROCODE —-—-— <+LOOF> —— 2

DECIMAL CROSS-COMPILER

26 Cu
( + N

o~

. S

~

[3 0

RRENT-QFCODE !

) 2 :: SOURCE=DHI DEST=RS INCLRF] JMP=000 33
SOURCE=RS  DEST=DLO DECIRP1 33 \ Test count
SOURCE=DLO ALU=A-E INCLMFC] JMF=111 33 \ Test count

e® oo es
@e pop  Be

SOURCE=RS DECIRF1 JMP=008 33

3 :: SOURCE=DHI DEST=RS INCILRP] 33
SOURCE=RS DEST=DLO DECIRPI 3
SOURCE=DLO ALU=A-E INCIMPC] 83
SOURCE=RS DECIRF1 JMF=01S g3

\ Test count
\ Test count

aa as 00 &~

SCREEN #130

¢ \ MICROCODE --- <+LOOF> ~--= 3

1 DECIMAL CROSS-COMPILER

2 27 CURRENT-0OFCODE !

3 ( +N DONE ) O :: SOURCE=RS DEST=ADDRESS-COUNTER

4 INCILRFI JMFP=100 33

5 ( -N DONE ) 3 :: SODURCE=RS DEST=ADDRESS-COUNTER INCLRPJ ;3:

& 4 33 INCILRPI 53

7 S :: SOURCE=RAM DEST=DECODE DECODE INCILRFP]1 JMP=11i1 33

8

g ¢ +N LOOF ) 1 s: INCIRP1 DECODE JMP=111i 33

10 ( -N LOOFP ) 2 :: INCLRP] DECODE JMP=111 g3

i1

12 7 :: SOURCE=DS ALU=B DEST=DHI INCLDP] END 33

3 RSEND &

14 POISON SFECIAL .

15 \
L}

SCREEN #131 . %

O \ MICROCODE —--- <<ABORT">»(11/3)

1 DECIMAL CROSS-COMFILER .

2 29 OFPCODE: <<ABRORT">> ( FLAG - )

I\ If flag <> O, then NOP if flag = 0, then jump over message

4 O =z IJMP=01Z ALU=A+1 ;; ‘

5 .

& ( FLAG=0 ) 2 :: BSOURCE=RS DEST=DLO ALU=A+1 JMP=100 ;3

7 4 :: SOURCE=DLO ALU=A+B DEST=ADDRESS~LATCH 33

8 S z: BSOURCE=RAM DEST=DLO ALU=A+1] INCCRPI INCCMPCI 33

9 & 33 SOURCE=DLO ALU=A+B DEST=DHI ) JMP=000 33

10 h

11 ¢ FLAGK>0 )
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12 S 3 JMP=001 DECODE 33
13 1. :: SOURCE=DS ALU=B DEST=DHI INCCDP] END 33
14
15
SCREEN #13
T0O N MICROCODE ——= <<ARORT" 2> —=-2

1 DECIMAL CROSS-COMFPILER

2 30 CURRENT-OFCODE ! .

I\ If flag < O, then NOFP if flag = 0, then jump over message
4 0 11 ALU=A+1 DEST=DHI ]

S 1 :: SOURCE=DHI DEST=ADDRESS-COUNTER 33 \ RS+count+7.
& 2 :: SOURCE=RAM DEST=DECODE DECODE 33

7 3 :: SOURCE=DS ALU=E DEST=DHI INCCDF] END H
8 ;3;END FOISON SFECIAL

Q

10

11

12

13

14

SCREEN #133
¢ \ MICROCODE -~- <D0O>(4)

1 DECIMAL CROSS-COMFILER

Z \ Must always be used with a JUMP since it starts a loop

I 34 OPCODE: «<DO> ( LIMIT START ->)

4 \ Return: ¢ => LIMIT START )

S O 2 DECLRP1 33

é 1 :: SOURCE=DS DEST=RS DECILRP1 INCLDP]I 3;

7 2 :: SOURCE=DHI DEST=RS DECODE - 33

8 3 e SOURCE=DS ALU=B DEST=DHI INCLDP] END 33

9 33END '

10 POISON SFECIAL

11

12

13 h

14 )
15 \

y

SCREEN #134 ke

O \ MICROCODE —--— <ENCLAX (11)

1 DECIMAL CROSS-COMPILER \ SCAN TO FIRST NON-DELIMITER

2 35 OPCODE: <ENCLAX ( ADDR -> ADDR+1/ADDR DONE-FLAG )
3\ RETURN STACK. ( DELIM -> DELIM )

4 QO :: DECIDF] 33 .

5 1 :: SOURCE=DHI DEST=DS 33 )
) 2 :: SOURCE=DHI ' DEST=ADDRESS-LATCH ;3

7 3 :: SOURCE=RS DEST=DLO 53

8 4 :: SOURCE=DLO ALU=B DEST=DHI 3

9 \ Compare with delimiter

10 S :: SOURCE=RAM-BYTE DEST=DLO ;; )

11 6 :: SOURCE=DLO ALU=AxorB DEST=DHI INCIMPC] ;;
12 7 s: SOURCE=DS ALU=E DEST=DHI JIMP=00Z 33

13
14

15
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5 1 :: ALU=A-1 DEST=DHI 33
& 2 :: SOURCE=DHI DEST=DP ;;
7 T :: SOURCE=DS ALU=B DEST=DHI
8 4 :: SOURCE=DLO DEST=DF
9
10 33END :
11
12
13
14

18

SCREEN #139
O \ MICROCODE -—- <ROLL>{(3%N+&)
1 DECIMAL CROSS-COMPILER

2 42 OFCODE: <ROLL> ( ..STACK..

3 0 :: SOURCE=DS DEST=DLO INCIDP]
4 1 :: ALU=A-1 DEST=DHI DECLRP]
S 2 :: SOURCE=DP DEST=RS DECLRP1]
&6

7

8

Q

10
11

12
13

14
1S5
SCREEN #140 ‘

0 \ MICROCODE --- <ROLL> -2

1 DECIMAL CROSS-COMFILER

2 43 CURRENT-OPCODE ! { ..STACK..

3 ( LOOF UNTIL COUNT REACHES O )

98

DECODE
END

. e
33
s
33

COUNT-1 -> ..NEW-STACK.. )

ij
INCIMPC]
JMP=002

as
L ]
"
ss

\

\
)

COUNT-1 -> ..NEW-STACK.. )

4 1 :: SOURCE=DS DEST=RS ALU=A-1 DEST=DHI ;;
S 2 :: SOURCE=DLO DEST=DS HH

) 3 :: SOURCE=RS DEST=DLO INCLDP3 JMP=00Z ;3

2 v .
8 ( Done ) st INCLRP] SOURCE=DLO ALU=B DEST=DHI JMP=101 ;;
9 S :: SOURCE=RS DEST=DP INCERP) DECODE 33

10 b6 :: END 33

11 3;3END }

12 N

13

14

15
SCREEN #141

O N MICROCODE —-—-— =(3)

1 DECIMAL CROSS-COMFILER )

"2 44 OFCODE: = ( AR -> FLAG )

z 0 :: SOURCE=DS ALU=AxorBE ;3 \ Test for =

4 1 2: INCCDF1] JMP=012Z DECODE 33

S

6 ( <% ) 3 s ALU=0 DEST=DHI END 33

7 (= ) 2 :: ALU=-1 DEST=DHI END 33

8

9 33END

10

11
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SCREEN #1335

O

\

MICROCODE --- <ENCLA> =--2

1 DECIMAL CROSS-COMFILER \ SCAN TO FIRST NON-DELIMITER

2 I6 CURRENT-QFCODE ! .

3 ( = DELIMITER )

4 © s ALU=A+1 DEST=DHI JMP=111 DECODE g

5 7 :: SOURCE=DHI DEST=DS ALU=0 DEST=DHI END 33
1)

7 { <> DELIMITER )

8 i z3 ALU=A DEST=DHI DECODE 33

4 2 :: SOURCE=DHI DEST=DS ALU=-1 DEST=DHI’ END 33
i0
11 33END
i2
i3

14

S
SCREEN #1346

© \ MICROCODE =--- <ENCLE> (10/11)

1 DECIMAL CROSS-COMPILER \ SCAN TO FIRST DELIMITER

2 37 OPCODE: <ENCLEX» ( ADDR - ADDR+1/ADDR DONE-FLAG )

3\ " RETURN STACK ¢ DELIM ->» DELIM )

4 O 23 DECLDPI ;3

S 1 22 GSOURCE=DHI DEST=DS 33

1) 2 :: SOURCE=DHI DEST=ADDRESS-LATCH 33

7 3 :: BOURCE=RS DEST=DLO 33

8 4 :: SOURCE=DLO ALU=R DEST=DHI 33

? \ Compare with delimiter

10 S :: SOURCE=RAM-BYTE DEST=DLOD 53
11 6 :: SOURCE=DLO ALU=AxorB DEST=DHI INCLMFPC] 33
12 \ Compare with 0O ’ .
i3 7 s: SDOURCE=DLO ALU=B DEST=DHI IMF=00Z 33 \
14 : v
15 \

: 3

SCREEN #137 »

O \ MICROCODE --- <ENCLE> --2

1 DECIMAL CROSS-COMFILER \ SCAN TO FIRST NON-DELIMITER

2 38 CURRENT-0OFCODE !

3 ( = DELIMITER )

4 O sz JMP=111 DECODE 33

S 7 ALU=-1 DEST=DHI END g3
&

7 ¢ <> DELIMITER )

8 i1 =3¢ SOURCE=DS ALU=B DEST=DHI JMP=01Z 33

? { =0) _

10 2 s JMP=111 DECODE "3 3

11 ( <> DELIMITER <>0 —— Go past this character )

12 3 22 ALU=A+1 DEST=DHI DECODE 33

i3 4 s: SOURCE=DHI DEST=DS ALU=0 DEST=DHI END 33
14 33END

s
4}

SCREEM #138

0

1
4

N MICRDCODE —-=-= <PFPICK>(Z) \ Does all of FICK exc. eriror check
DECIMAL CROSS-COMFILER ’
41 OFCODE: <FICK> ( ..STACK.. A - ,.8TACK.. B ) )

G :: SOURCE=DP DEST=DLO \ Save DP value

ALU=A+B DEST=DHI g3 :



"5,053,952

99 100

12 S
i3
14
15

SCREEN #142
O \ MICROCODE —--- >(5) H#H#44 BENEFITS FROM DEST=DHI uBIT &4

i DECIMAL CRDSS-COMPILER

2 45 OFPCODE: > ( B A -> FLAG )

3 \ Test for different signs

4 O :: SOURCE=DS ALU=AxorB DEST=DHI 33

S 1 :: GSOURCE=DS ALU=AxorB DEST=DHI JMP=018 ;3

& ( Bame sign inputs )

7 2 :: SOURCE=DS ALU=A-B JMP=101 33

8 S sz INCLDP] JMP=118 DECODE g3

9 6 23 ALU=0O DEST=DHI END 53

10 7 s: ALU=-1 DEST=DHI END 33

14

12 ( Different sign inputs -- > if B is non-negative )

i3 2e SOURCE=DS AlLU=notB DEST=DHI JHMP=101 33
i4 3 3END .

15

b

SCREEN #143 \

0 \ MICROCODE --= >R(3J) y

1 DECIMAL CROSS-COMPILER i3

2 44 OFCODE: >R { N =>) ( Retuwrns => N )

3 ::  DECCRP1 33

4 i :: SOURCE=DHI DEST=RS DECODE 33

S 2 3: SOURCE=DS ALU=E DEST=DHI INCIDP1 END 33
6

7 33END '
8 POISON SPECIAL

9

10

i1

i2 h

i3

14

15
SCREEN #144

0 N MICROCODE --- TDUP(2)

1 DECIMAL CROSS-COMPILER

"2 47 OFCODE: ?DUF (A =->20/4Aa248) »

= O 33 DECELDP1 JMP=012Z . DECODE 33
4 o

S =0 ) 2 22 INCLDPI] : END 33
6 ( <x0 ) 3 s SOURCE=DHI DEST=DS END 33
7

8 33END

9

10

11

i2

13

i4

SCREEN #14S
¢\ MICROCODE --- &(4)
1 DECIMAL CROSS-COMPILER
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2 48 OFCODE: @ ( ADDR =-> N )

3 O s: 33

4 1 :: SOURCE=DHI  DEST=ADDRESS-LATCH j3;

S 2 :: SOURCE=RAM DEST=DLO DECODE ;

& 3 :: SOURCE=DLO ALU=B DEST=DHI END ;3
7

8 ;3END

9

10

11

12

13

14

15
SCREEN #146 \

0 \ MICROCODE --- ABRS(2) }

1 DECIMAL CROSS-COMPILER »

2 49 OPCODE: ABS  ( N1 => N2 )

3 0 :: SOURCE=DHI DEST=DLO  ALU=A-1 DEST=DHI

4 JMP=01S DECODE ;3
S

& ( >0 ) 2 :: SOURCE=DLO ALU=B  DEST=DHI END ;3
7 ¢ <0 ) 3 :: SOURCE=DLO ALU=notA DEST=DHI END ;3
8 ,

9 33END

10

11 |
12 :

13
14

is

SCREEN #147
N MICROCODE --- ADC(4)
DECIMAL CROSS-COMPILER

SOURCE=DS ALU=A+R+1

¢ CYIN<>Q ) © =3
-4 :1: SOURCE=DS ALU=A+B

¢ CYIN=0O )

3 :: SOURCE=DHI DEST=DS JMP=11C

NV ONO O pdp) - O

10 ( COUT<>0 ) & :: ALU=-1 DEST=DHI
11 ( COUT=0 ) 7 =:: ALU=0 DEST=DHI
13 33END

14

15

SCREEN #148

¢ \ MICROCODE -—-= AND(2)
DECIMAL CROSS-COMFILER

S1 OPCODE: AND ( N1 N2 -> N3 )

1 :: END 33

3 3END

s s RN S I 3 2 I g

S50 OFCODE: ADC ¢ N1 N2 CYIN - NSUM CYOUT )
O 3 SOURCE=DS ALU=E DEST=DHI INCCDP]

JMP=107 33

DEST=DHI JMF=011
DEST=DHI JMF=011

DECODE 33

END
END

0 :: BSOURCE=DS ALU=AandB DEST=DHI INCCDP] DECODE ;;

H
.
3
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9
10
11
12
13
14
is \
 SCREEN #149 \
0 \ MICROCODE --- ASR(2) v
{ DECIMAL CROSS-COMPILER %
2 52 OPCODE: ASR ( Ni =-> N2 )
3 Iy JMF=018  DECODE 33
4
5 ( POSITIVE ) 2 z: ALU=A CIN=0 SRI[ALUI DEST=DHI END 33
& ( NEBATIVE ) 3 22 ALU=A CIN=1 SRLALUI DEST=DHI END 33
.7 ¥
8 33END
%
10
11
12 .
13
14

SCREEN #1350

O N MICROCODE --- BYTEROLL(Z) (ROLL B BITS RIGHT)
DECIMAL CROSS-COMPILER '
' 2 5% OPCODE: BYTEROLL ¢ N1 -> N2 )
= O 2 ALU=A ROLLLALUI DEST=DHI DECODE 33
3 1 2z END 33
o
& ::END
7
8
C?
10
11
13
14

SCREEN #151

O \ MICROCODE --- C!(4) Store within same page

1 DECIMAL CROSS~-COMFILER

2 5S4 OFPCODE: C! ( N ADDR -=-> )~

3 Q 2 HH

4 1 :: SOURCE=DHI DEST=ADDRESS-LATCH 33

S 2 3: SOURCE=DS DEST=RAM-BYTE INCCDP] DECODE 33
& 3 22 SOURCE=DS ALU=R DEST=DHI INCEDPI END g3
7

8 s;END

9

i0

i1

12

13
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SCREEN #152 Y

0 \ MICROCODE --- C@(4) , '

1 DECIMAL CROSS-COMPILER >

2 S5 OPCODE: Ce@ ( ADDR ~> N )

3 O 2 ;3

4 1 :: SOURCE=DHI  DEST=ADDRESS-LATCH ;3

5 2 :: SOURCE=RAM-BYTE DEST=DLO DECODE ;3
6 3 :: SOURCE=DLO ALU=E DEST=DHI END 33
7

8 ;;END

9
10
11
12 .
13
14
15

SCREEN #153

O \ MICROCODE --— D! (7)

1 DECIMAL CROSS-COMFILER

2 \ Lo half in ADDR, Hi half in ADDR+4
T S& OFCODE: D! ( D ADDR =3 )

3 O :: SOURCE=DHI DEST=DLO ALU=A+1 DEST=DHI 3;
5 1 :: OSOURCE=DLO DEST=ADDRESS-LATCH ALU=A+l DEST=DHI
6 INCIDPI ;3
7

8
9

N

SOURCE=DS DEST=RAM  ALU=A+1 DEST=DHI
DECLDF] ;3
SOURCE=DS DEST=DLO INCCDP1 ALU=A+1 DEST=DHI

3z Y
10 4 :: SOURCE=DHI DEST=ADDRESS-LATCH INCIDP] ;3
11 S5 :: SOURCE=DLO DEST=RAM DECODE ;3
12 & :: SOURCE=DS ALU=B DEST=DHI INCCLDP] END ;3
13 '
14 ;3END

1S

SCREEN #154

O \ MICROCODE --- D&(7)

1 DECIMAL CROSS-COMFILER

2 \ Lo half in ADDR, Hi half in ADDR+4

3 S8 OPCODE: De ( ADDR => D )

4 0 :: SOURCE=DHI DEST=DLO ALU=A+1 DEST=DHI DECLDP] ;;
5 1 :: SOURCE=DLO DEST=ADDRESS-LATCH ALU=A+1 DEST=DHI
& 2 :: SOURCE=RAM DEST=DLO ALU=A+1 DEST=DHI 33

7 3 :: SOURCE=DLO DEST=DS ALU=A+1 DEST=DHI ;;

8 4 :: SOURCE=DHI DEST=ADDRESS-LATCH 3;;

9 5 :: SOURCE=RAM DEST=DLO DECODE ;3;

10 & 3: SOURCE=DLO ALU=B DEST=DHI  END j;

11 -

12 ;3END

13
14

15

A

SCREEN #155 \

O \ MICROCODE —--- DDROP(2) : \

1 DECIMAL CROSS-COMPILER v

2 59 OPCODE: DDROF (D ->)

3 O :: INCIDP1 ' DECODE ;;
4 1 :: SOURCE=DS ALU=E DEST=DHI INCCDP1 END ;3
S 33END

.
2
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0o NG

ic
it
i2
13
14
i5

- SCREEN #1356
Q@ N MICROCODE --- DDUF(Z)
i1 DECIMAL CROSS-COMFILER
-2 &0 OFCODE: DDUP ( DI -> Dt D1 )

I ¢ :: SOURCE=DS DEST=DLO DECLDFI 33

4 1 :: SDOURCE=DHI DEST=DS DECLDP1I DECODE 33
S 2 :: SOURCE=DLO DEST=DS I END 33
6 33END

7

8

9

10

i1

12

13

14

SCREEN #1357

O \ MICROCODE —-—-= DLSL(3)

i DECIMAL CROSS-COMPILER

2 62 OFCODE: DLSL ( D1 -> D2)

3 O :: SOURCE=DS DEST=DLO ;;
4 1 :: ALU=A CIN=0O SLLDLO] SLCALUI DEST=DHI DECODE ;3
S 2 :: SOURCE=DLO DEST=DS END 33 0
6 . .
7 3sEND :
8 -
9
i0
i3
i2
13
14
15
SCREEN #158 \
0 \ MICROCODE ---= DLSR(3) Y
1 DECIMAL CROSS-COMPILER W
2 63 OPCODE: DLSR ( D1 -> D2 )
O :: SOURCE=DS DEST=DLO ;;

s:  ALU=A CIN=0 SRIDLO] SRLALU] DEST=DHI DECODE ;33
t: SOURCE=DLO DEST=DS END 33

-0 00N U B
-
m
Z
o

-
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109
12
13
14
15
SCREEN #159 |
O \ MICROCODE —-- DNEGATE(S) £

VD ONO WU &)

10
11
12
13
14
1S

DECIMAL CROSS-COMPILER
66 OPCODE: DNEGATE - ( D1 -> =-D1 )

- O 3: SOURCE=DHI DEST=DLO ALU=0

SOURCE=DS ALU=A-K DEST=DHI 3;3;

1 ::
2 :: SOURCE=DHI DEST=DS

ALU=0 DEST=DHI JMP=10C ;;

( Cy=1 ) 4 :: SOURCE=DLO ALU=RornotB+1

( Cy=0 ) § :: SOURCE=DLO ALU=notH

& z: END 33
3 3END

SCREEN #160

O

\ MICROCODE --- DOCON(3)

DEST=DHI
JMP=110 DECODE
DEST=DHI DECODE

110

DEST=DHI 33

3

3

.
23
aw
s

1 \ DOCON Must never be used with either CALL or EXIT attributes
2\ Address field for jump points to data word
3 DECIMAL CROSS-COMFILER
4 &7 OPCODE: DOCON ( -> VALUE )
S O :: SOURCE=RAM DEST=DLO 53
& 1 :: SOURCE=RS' DEST=ADDRESS-COUNTER DECLDP] INCLRP ;3
7 2 :: SOURCE=DHI DEST=DS 13
8 ¥ :: BOURCE=RAM DEST=DECODE . DECODE 33
Q9 4 :: SOURCE=DLO ALU=B DEST=DHI END ;3
10 = ’
11 ;3END
12 POISON SFECIAL
13
14
15
SCREEN #161 \
0O \ MICROCODE --- DOVAR(S) v
1 \ DOVAR Must be used with a CALL attribute >
2\ Address field for jump points to data word
3 DECIMAL CROSS-COMFILER
4 68 OFCODE: DOVAR { -> VALUE )
] 0 :: SOURCE=ADDRESS-COUNTER DEST=DLO LECLDP] INCLRP1
é 1 :: SOURCE=RS DEST=ADDRESS-COUNTER INCLRP] 33
7 2 :: SOURCE=DHI DEST=DS 3;;
8 3 :: SOURCE=RAM DEST=DECODE DECODE 33
9 4 :: SOURCE=DLO ALU=B DEST=DHI END j;;
-10 33END
11 POISON SFECIAL
12 )
13
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SCREEN #1462 :

0 \ MICROCODE --- DROF(2)

1 DECIMAL CROSS-COMPILER

"2 &9 OFCODE: DROF (N =->)

3 o 33  SOURCE=DS ALU=B DEST=DHI INCLDPF] DECODE 33
4 1 23 V! END 353
S 3:sEND

b6

7

8

9

10

i1

i3

14

SCREEN #163

O \ MICRODCODE —--- DSWAF(7)

1 DECIMAL CROSS-COMPILER

2 72 OFPCODE: DSWAFP ( DI D2 -> D2 D& )

3 O :: SOURCE=DS DEST=DLO INCLDFP] g3

4 1 :: SOURCE=DS -DECIRPI 33 \ Dithi) to ALU latch
5 2 :: SOURCE=DHI DEST=DS ALU=B DEST=DHI INCEDP] 33
6 3 :: SOURCE=DS DEST=RS ;3 .

7 4 3+ SOURCE=DLO DEST=DS DECECDP1 33 R

8 S :: OSOURCE=RS DEST=DLO INCCRP1 DEC{DPJ] DECODE g3
Q & 22 SOURCE=DLO DEST=DS END LI
i0 ) :

11 33END

12

i3

14
1S L
SCREEN #164 \

O \ MICROCODE --— DUP(2) v

i DECIMAL CROSS-COMPILER ke

2 72 OFPCODE: DUF (N ->NN)

3 HE DECCDP] DECODE 33

4 i =3 SOURCE=DHI DEST=DS END g3

S 3sEND

)

7

8

9

i0o

i1

12 )

13

i4

i3

SCREEN #165
© \ MICROCODE --- I(2)
DECIMAL CROSS-COMFILER
74 OFCODE: 1 =2 N
© s SOURCE=RS °~ DECILDF1 DECODE 33
1 :: SOURCE=DHI DEST=DS ALU=E DEST=DHI ;, END j;:

(A1 SRR I N g
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& 33END o
7 SFECIAL \ Special forces RS available in 1st clock cycle
8

9
10
11
12
13
.14
1S5

SCREEN #166
0 \ MICROCODE —--- R@(3) =-- SAME AS I

1 DECIMAL CROSS-COMPILER

2 74 OFCODE: R&@ ( ~=> N )

3 33END

4 SPECIAL \ Special forces RS available in 1st clock cycle
S

6 .

>

8

9

10

11

12

13

14

15 A
SCREEN #167 \

0 \ MICROCODE —--=- I°(3) : v

1 DECIMAL CROSS-COMPILER *

2 75 OPCODE: 1° t => N)

3 :: DECILDFJ] INCLRPI 33

4 1 :: SOURCE=RS DECLRP1] DECODE 33
S 2 :: SOURCE=DHI DEST=DS ALU=B DEST=DHI END 33
6 33END -

7 SPECIAL" \ Special forces RS available in 1st clock cycle
8

Q

10

11

12 )

13

14

15

SCREEN #168
: \ MICROCODE —---— J(3)
DECIMaL CROSS-COMFILER
76 OFCODE: J (=% N
O :: DECCDFI INCLRFI 33

o~
=

QONOU &R~

1 :: SOURCE=DHI DEST=DS INCLRPI ;33
2 1: SOURCE=RS DEST=DLOD DECERF1 33
< :: DECILRPI] ) DECODE s
4 :: SOURCE=DLO ALU=E DEST=DHI END 33
s 3END

SFECIAL \ Special forces RS available in 1st clock cycle
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SCREEN #1469

O \ MICROCODE ~--- LEAVE(4)

i DECIMAL CROSS-COMFILER

2 77 OFCODE: LEAVE ( —> ) ( Sets COUNT=LIMIT on return stack )

3 O s INCLRPI 33
4 1 :: SOURCE=RS DEST=DLO DECILRFI 33
S 2 3: SOURCE=DLO DEST=RS DECODE ;3
b6 3 s: END 33
7 33END
8 \ Special forces RS available in ist clock cycle
9 FOISON SFECIAL
10
11
12
13
i4 s
15 \
¥
SCREEN #170 *
O \ MICROCODE --—— LIT(S)

1 DECIMAL CROSS-COMPILER
2 \ This MUST be used with the CALL attribute pointing next instr
3 78 OPCODE: LIT ( =2 N)

4 0 :: SOURCE=ADDRESS-COUNTER DEST=DLO DECCDPI ;3

5 1 :: SOURCE=DLO DEST=ADDRESS-LATCH INCLRPI 33 ‘
6 2 :: GSOURCE=RAM DEST=DLO 33

7 I :: SOURCE=DLO DEST=LATCH DECODE ;;

8 4 :: SOURCE=DHI DEST=DS

9 SOURCE=LATCH ALU=B DEST=DHI END 53
10 5 3END >

11 FOISON SFECIAL

12 '

13

14

18

SCREEM #171
0\ MICROCODE ——— LSLN(Z*N+3Z)
DECIMAL CROSS-COMFILER
\ COUNT TREATED AS AN UNSIGNED INTEGER »>= O
79 OFCODE: LSLN { N1 COUNT -> N2 )
QO :: SOURCE=DS DEST=DLO INCLDPF]
ALU=A-1 DEST=DHI JMF=012"53

( LOOF WHILE <% O )
T s: CIN=0 SLLDLO] 33
:  ALU=A-1 DEST=DHI JMP=01Z ;5

o URRN s SRR AL LY I o B

10

11 ¢ DONE )
12 2

i3 7

14 :3END

15

¢ SOURCE=DLO ALU=R DEST=DHI JMP=111 DECODE 33
s END 33

SCREEN #172
O \ MICROCODE —--- LSR(2)
i DECIMAL CROSS-COMPILER
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2 80 OFCODE: LSR ( NI -> N2)
st ALU=A CIN=0 SRLALU]

DEST=DHI

1
3 sEND

SCREEN #173

0 \ MICRCOCODE --—- LSRN(3I#N+4)
1 DECIMAL CROSS-COMFILER
2 \ COUNT TREATED AS AN UNSIGNED INTEGER >= ©
3 81 OFCODE: LSRN ( N1 COUNT -> N2)
4 0 :: SOURCE=DS DEST=DLO $s
S 1 :: SOURCE=DHI DEST=DS ALU=0 DEST=DHI
6
7 ( LOCOP WHILE <> 0 )
8 3 1z SOURCE=DS ALU=A-B DEST=DHI 3;;
9 4 :: AlLU=notA DEST=DHI ;;
10 S :: SOURCE=DHI DEST=DS CIN=0 SRIDLO]
11 ALU=0 DEST=DHI
12 ( DONE )
i3 2 :: SOURCE=DLO ALU=R DEST=DHI
14 7 s . INCCDP]
1S ;3END
SCREEN #174
O \ MICROCODE --- NEGATE(2)
1 DECIMAL CROSS-COMFILER
% 8 OFCODE: NEGATE (N ->-N)
=t O ::  ALU=A-1 DEST=DHI DECODE 33
4 1 :: AlLU=notA -DEST=DHI END 33
S 3:;END
)
7
8
9
10
11
12
13
14

SCREEN #1735

¢ \ MICROCODE --- NOT(2)

1 DECIMAL CROSS-COMPILER

2 83 OPCDDE: NOT ( N -> O=FLAG )

3 0O :: JIMP=012 DECODE ;3
4

5 (<> ) 3 :: ALU=0 DEST=DHI END 33

6 ¢ =0) 2 :: ALU=-1 DEST=DHI END 33

7 33:END

118

DECQDE ;;
END ;3

IMP=01Z ;3

JMP=012Z

JMP=111 DECODE ;3

END 33
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8

9 .
10
i1
12
13
14
15

SCREEN #176

0 \ MICROCODE --- OR{(2)

i DECIMAL CROSS-COMPILER

2 84 OPCODE: OR { N1 N2 => N3 )

3 0 sz SOURCE=DS ALU=AorB DEST=DHI INCCDP3 DECODE 3
4 1 232 END 33
S

6 33END

7

8

9

10

it .

12

13

i4

iS

SCREEN #177

& N\ MICROCODE --- OVER(2)
1 DECIMAL CROSS-COMFILER

2 8% OFCODE: OVER ¢ NI N2 —-> N1 N2 Nt

=t O 23 SOURCE=DS DECIDF1 DECODE 3 \ ALU latch <~ Ni
4 1 :: SOURCE=DHI DEST=DS ALU=E DEST=DHI:. END g3
S

& :3END

7

8

Q

10

11

i2

1=

14

18

SCREEN #178

O \ MICROCODE =~-=- R>(2)
1 DECIMAL CROSS-COMPILER
2 86 OFCODE: R> ( -> N ( returns N => )
3 QO :: SOURCE=RS DEST=LATCH DECIDP] INCLRFP1I DECODE 33
4 i1 :¢ SOURCE=DHI DEST=DS
5 SQURCE=LATCH ALU=B DEST=DHI END 3¢
& .
7 33END
8 FOISON SFECIAL
[~
10
i1
12
i3
14
15
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SCREEN #179 : \
0 \ MICROCODE —--- RLC(D) v
1 DECIMAL CROSS-COMFILER *
2 88 OFCODE: RLC ( NI CYIN -> N2 CYOUT )
3 :: SOURCE=DS DEST=DLO ALU=E DEST=DHI JMP=01Z 3;;
4
5 ( CYIN=0 ) ’
6 2 s: SLIDLDI CIN=0 JMP=10S DECODE ;; .
7 ¢ CYINCSO ) '
8 3 :: SLIDLOI CIN=t JMP=10S DECODE j;;
%
10 ( COUT=0 ) 4 :: SOURCE=DLO DEST=DS ALU=0 DEST=DHI END ;3
11 ( COUT<>0 ) S :: SOURCE=DLO DEST=DS ALU=-1 DEST=DHI END j;
12
13 33END
14
15
SCREENM #1850
0 \  MICROCODE --- ROT(4)
.1 DECIMAL CROSS-COMFILER
" 2 89 CFCODE: ROT ( N1 N2 N3 -3> N2 NI Nt )
= Q :: SOURCE=DS 33
4 1 :: SOURCE=DHI DEST=DS ALU=E DEST=DHI JUNCLDFJ] ;3
5 Z :: SOURCE=DS DECODE 3
6 % :: SOURCE=DHI DEST=DS ALU=F DEST=DHI DECILDF] END 33
7 :13END
8
9
10
11
1z .
13
14

SCREEN #181

© \ MICROCODE --- RRC(4)
1 DECIMAL CROSS-COMPILER |
2 90 OFCODE: RRC ¢ N1 CYIN => N2 CYOUT )
3 :: OSOURCE=DS DEST=DLO JMP=01Z 3; \ test if CYIN=0
4
S ( CYIN=O )
& 2 :: SOURCE=DS ALU=E SRCALUI CIN=0 JMP=001 j;
7  CYINSS0 )
8 I :: SOURCE=DS ALU=B SRLALUI CIN=1  JMP=001 3;
9
10 1 :: GSOURCE=DHI DEST=DS JMP=10L  DECODE ;;
11
12 ( COUT=0 ) 4 :: ALU=O0 DEST=DHI END ;;
13 ¢ COUT<>0 ) 5 :: ALU=—1 DEST=DHI END ;3
14 33;END
15 A
SCREEN #182 \
"0 \ MICROCODE —-- S->D(3) s

DECIMAL CROSS-COMPILER >
%1 OPCODE:  S->D ¢ N1 -> D2)
.+t DECLDP1 JMF=01S DECODE ;3

UMby~ O

: SOURCE=DHI DEST=DS ALU=
: SOURCE=DHI DEST=DS ALU=

0 DEST=DHI  END
-1 DEST=DHI  END
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7

8 3sEND

9

i0
i1

i2 . .

i3

14
i9
SCREEN #1873
-0\ MICROCODE -—— SWAF(Z2)

1 DECIMAL CROSS-COMFILER

2 92 OFCODE: SWAR ( NI N2 -> NZ N1 ) .

z 0 :: SOURCE=DS DECODE 33 \ ALU latch <- N
4 1 :: SOURCE=DHI DEST=DS ALU=B DEST=DHI END 53
5

& 3 sEND

7

8

q

10

11

12

13

14

15

SCREEN #184

0 \ MICROCODE —-—- SYSCALL (7+host delay)

1 DECIMAL CROSS-COMFILER

2 93 OFCODE: SYSCALL ( DATAL N => DATAZ )

3 O :: SOURCE=DS DEST=LATCH 1INCCDFJ

4 1 :2 SOURCE=LATCH ALU=E DEST=DHI

S " SOURCE=DH1 ~ DEST=STATUS ;3

) 2 :: BOURCE=DHI JMP=010 33 \ Infinite loop

7

8 \ Restart at address 4

Q 4 =23 33

10 S :: GSOURCE=DHI DEST=DLO ALU=0 DEST=DHI 33

11 & 33 SOURCE=DHI DEST=STATUS DECODE 33
i2 7 :: SOURCE=DLO AlLU=Ek DEST=DHI . END 33
13

14 z3END . )
15 A

' §
SCREEN #185 >
O \ MICROCQDE -—-- TOGGLE (&)

1 DECIMAL CROSS-COMPILER \ Works on 8-bit value
Z 94 OPCODE: TOGGLE ¢ ADDR B -2 )

3 0 :: SOURCE=DS DEST=DLO i

4 \ Fetch operand ’

S 1 :: SOURCE=DLO DEST=ADDRESS-LATCH INCEDPI g3

& 2 1: SOURCE=RAM-BYTE DEST=DLO g3

7 3 :: SOURCE=DLO ALU=AxorE DEST=DHI 33

8 4 :: SOURCE=DHI DEST=RAM-BYTE DECODE 33
Q S g3 SOURCE=DS ALU=B DEST=DHI INCLDPI END s
10 . )

11 3¢END

"
#J
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13
14 .
15

SCREEN #186
O \ MICROCODE --- Ux(3Z6)

1 DECIMAL CROSS-COMFILER
"2 96 OFCODE: U#  ( Ul U2 -> UD3 )

3 \ ALU LATCH = Ul DLO = U2 DH1/DLO = FRODUCT

4 O :: SOURCE=DHI DEST=DLO . .

5 1 :: SRCDLOI 33

& 2 :: SOURCE=DS ALU=0 DEST=DHI SRIDLO] JMF=10L j;

2.

8 \ NOTE: MULTIPLY sets holds the ALU latch with Ul

9 ( BIT 0 )

10 4 :: MULTIPLY ALU=A+0 SRIALUJ SRIDLO1 IMP=11L INCICMPC] ;;
11 5 :: MULTIFLY ALU=A+B SRCALUI SRIDLO] JMP=11L INCILMPC] ;3
12 ¢ BIT 1)

13 6 :: MULTIPLY ALU=A+0 SRLALUJ SRIDLO1 JMP=00L ;3

14 7 :: MULTIFLY ALU=A+B SRLALUI SRLDLO] JMP=00L ;;

[
w

SCREEN #187
0 \ MICROCODE =-— U* -= 2

1 DECIMAL CROSS-COMPILER

2 97 CURRENT-OPCODE !

3 ( BIT 2

4 0 :: MULTIPLY ALU=A+0 SRLALU] SRLDLO] JMP=01L 33

5 1 :: MULTIPLY ALU=A+B SRCALU] SRIDLO1 JMP=01L 33

& t BIT 3) NI

7 2 :: MULTIPLY ALU=A+0 SRIALU) SRIDLO1 JMP=10L 3}

8 3 :: MULTIPLY ALU=A+B SRIALU] SRIDLO] JMP=10L 3} ...

2 ¢ BIT 4) R

10 4 :: MULTIFLY ALU=A+0 SRCALUJ] SRIDLO1 JMP=11iL -INCILMPC] ;;
11 5 :: MULTIFLY ALU=A+B SRCALUI SRIDLO] JMP=11iL INCCMPC1 ;;
12 ¢ BIT S ) L

13 & :: MULTIPLY ALU=A+0 SRCALU] SRIDLO] JMP=0OOL §j§

14 7 :: MULTIPLY ALU=A+B SRIALU] SRIDLO] JMP=00L 3}

15 \

SCREEN #188

\ MICROCODE --- U#% ~- 3

DECIMAL CROSS- COMPILER

98 CURRENT-OFCODE

¢ BIT &)

MULTIFLY ALU=A+0 SRIALU] SRIDLOJ JIMP=01L ;3
MULTIPLY ALU=A+B SRLALUl SRIDLO] JMP=01L ;3

MULTIPLY ALU=A+0 SRLALU] SRCDLO] JMP=10L j;
MULTIPLY ALU=A+B SRCALU] SRCDLOI JMP=10L 33

QONOCUDUWN-O

MULTIPLY ALU=A+0 SRLALU] SRIDLO]I JMP=11L INCIMPC] j;
MULTIPLY ALU=A+B SRLALU]l SRLDLO] JMP=11L INCIMPC] ;3

MULTIPLY ALU=A+0 SRLALUJ SRIDLO] JMP=00OL §j§ -
MULTIPLY ALU=A+B SR{ALU] SRCDLOI JMP=QOOL 33



127
SCREEN #189
O \ MICROCODE -—- U% —— 4
1 DECIMAL CROSS-COMFILER
" 2 99 CURRENT-OPCODE !
I ( BIT 10 :
4 O =z MULTIFLY ALU=A+0
s 1 :: MULTIPLY ALU=A+B
& ( BIT 11 )
7 2 3 MULTIFLY ALU=A+0.
8 3 :: MULTIFLY ALU=A+E
® ( BIT 12
10 4 :: MULTIFLY ALU=A+0
11 5 :: MULTIPLY ALU=A+B
12 ( BIT 13)
13 & 313 MULTIFLY ALU=A+0
14 -+ 7 :: MULTIFLY ALU=A+E
15
SCREEN #190
O \ MICROCODE ——— U%* —= 5
{ DECIMAL CROSS-COMFILER
2 100 CURRENT-OFCODE !
I ( BIT 14
4 O :: MULTIPLY ALU=A+0
5 1 :: MULTIFLY ALU=A+E
& ( BRIT 15 )
7 2 53 MULTIPLY ALU=A+0
8 3 :: MULTIPLY ALU=A%B
9 ( BIT 16 )
10 4 :: MULTIFLY ALU=A+0
11 5 :: MULTIFLY ALU=A+B
12 ( RIT 17 )
13 & 1z MULTIPLY ALU=A+0
14 7 3 MULTIPLY ALU=A+B
15 '
SCREEN #191
\ MICROCODE —-- U¥ == §

DECIMAL CROSS-COMFILER

101 CURRENT-0OPCODE

o}

1

2

3 ( BIT i8)

4 0 :: MULTIFLY ALU=A+0
=] 1 :: MULTIPLY ALU=A+B
6 ¢ BIT 19 )

7 2 :: MULTIPLY ALU=A+0
8 3 :: MULTIFLY ALU=A+B
g ( BIT 20 ) :
i0 4 :: MULTIFLY ALU=A+0
11 S s MULTIPLY ALU=A+B
12 ( BIT 21 )
13 & sz MULTIFLY ALU=A+0
ia 7 s: MULTIPLY ALU=A+B
i5
SCREEN #192

& N MICROCODE -~-- U# -~-—= 7

1

2 102 CURRENT-OFCODE

-

DECIMAL CRUGSS-COMPILER

¢ RIT

22

)

1

5,053,952

SRLALU1]
SRTALW]

SRIALUI
SREALUI

SRLALUID
SRLALU]

SRILALUI
SRLALUI]

SRIALUI
SRLALUI]

SRIALUI]
SRILALU]

SRLALUI
SRLALUI]

SRTALUI
SRIALUD

SRIALU]
SRCALU]

SREALUI
SRLALUI]

SRLALUI
SRIALUI

SRILALU]
SRLALU]D

SRIDLO3J
SRIDLO]

SRIDLO3]
SRLDLO1]

SRIDLOJ
SRCDLO]

SKRIDLO1
SRIDLO1

SRIDLO]
SRLDLOI

SRIDLO]
SRIDLO3

SRIDLO3J
SRIDLO1]

SRIDLO3
SRIDLOI

SRLDLO]
SRLDLO1J

SRIDLOI
SRIEDLO]

SRIDLO]
SRIDLO]

SRIDLO3J
SREDLOZ

128

JMP=01L
JMFP=01L

JMP=10L
JMP=10L

JMP=11L
JMP=11L

JMP=00L
JMP=00L

JMP=01L
JMP=01L

JMP=10L
JMP=10L

JMP=11L
JMP=11L

JMP=00L
JMP=00L

JMP=01L
JMP=01L

JMP=10L
JMP=10L

JMP=11L
JMP=11L

JMP=00L
JMP=0CL

Vo wwa
o o

Vo o
20 o

INCEMPCI 53
INCIMPED 33

2o we
we we

08 wo
LI s

]
99

33

INCIMPCT 33
INCIMPCT 33

wI a2

@3 wa

©a <o
o wa

e <o
@0

wa

INCEMPEY 53
INCEMPCI 33



129 130

3 O :: MULTIFLY ALU=A+0 SRI[ALU] SRIDLOI JMF=01L ;3

5 1 :: MULTIFLY ALU=A+E SRIALUI SRCDLOI JIMF=01L 33

6 ¢ BIT 23 )

7 2 :: MULTIPLY ALU=A+0 SRLALU] SRCDLOI JMP=10L 33;

8 I :: MULTIFLY ALU=A+B SRLALUI SRLDLOJ JMP=10L ;;

9 ( BIT 24 )

10 4 :: MULTIFLY ALU=A+0 SRLALU] SRCIDLOJ JMP=11L INCILMPC] ;3
11 5 :: MULTIFLY ALU=A+B SRLALUI SRIDLD1 JMP=11iL INCIMFC] ;;
12 ( BIT 259

13 & 13 MULTIFLY ALU=A+0 SRLALU] SRIDLO1 JMP=00OL ;3

14 7 :: MULTIFLY ALU=A+E 3RLALU1 SRIDLO1 SMF=00L ;3

15
SCREEN #193

O \ MICROCODE --- Ux -- 8

1 DECIMAL CROSS-COMFILER

2 103 CURRENT-OPCODE !

3 ( RIT 26 )

4 O :: MULTIFLY ALU=A+0 SRLALU] SRIDLO1 JMP=01L ;3

5 1 :: MULTIFLY ALU=A+B SRLALUI SRIDLO3I JMP=01L ;3

6 ¢ BIT 27 ) LR

7 2 :: MULTIPLY ALU=A+0 SRCALU] SRIDLDI JMP=10L ‘}}

8 3 :: MULTIPLY ALU=A+B SRIALU1 SRIDLO) JMP=10L 333:

9 ( BIT 28 ) o

10 4 :: MULTIPLY ALU=A+0 SRLALU] SRCDLOI JMP=11L INCIMPC1 ;3
11 5 :: MULTIFLY ALU=A+B SRLALUI SRIDLO1 JMP=1iL -INCLMPC] ;;
2 ( BIT 29) , » LA

13 6 11 MULTIPLY ALU=A+0 SRLALU] SRIDLO1 JIMP=00L ‘j}

14 7 :: MULTIPLY ALU=A+B SRI[ALU] SRCDLO1 JMP=00L j3j

15 :
SCREEN #194 ]

O \ MICROCODE --- U#* =-= 9

1 DECIMAL CROSS-COMPILER

2 104 CURRENT-OPCODE !

3 ¢ BIT 30) )

4 O :: MULTIFLY ALU=A+0 SRCALUI SRIDLO1 JMP=01L ;;

S 1 :: MULTIPLY ALU=A+B SRLALU] SRIDLOY JMF=01L 3;

6 ¢ BIT 31)

7 2 :: MULTIPLY ALU=A+0 SRLALU] SRIDLO] JMP=100 DECODE ;;
8 3 :: MULTIPLY ALU=A+B SR[ALU] SRI[DLO] JMP=100 DECODE ;3
9

10 4 :: SOURCE=DLD DEST=DS END ;3

11 -

12 3;END A

13

14

15

SCREEN #195

5,053,952

O \ MICROCODE --- U/MOD(39/40)
DECIMAL CROSS-COMFILER ’
\ Max divisor is 7FFFFFFF May
105 OFCODE: U/MOD
N ALU LATCH=DIVISOR

dividend is 7FF...FF
( UDIDVDND UZDIVISOR -> UREM URUOT )

$a b

.
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131 ' 132
5 \ DHI=DIVIDEND(HI)> DLO=DIVIDEND(LQ) ‘
6 \ DHI=REMAINDER DLO=QUOTIENT
7
8 \ Shuffle operands around
9 O :: SOURCE=DS DEST=LATCH ;3
10 1 2: SOURCE=DHI DEST=DS ALU=B DEST=DHI INCLDPI
11 2 :s SOURCE=DS DEST=DLO DEECLDPI 33
12 \ Initial subtraction

13 3 2: SOURCE=DS ALU=A-E DEST=DHI SLLALUJ SLIDLOI
14 ( #x» CONTINUED ON NEXT SCREEN ### ) :

SCREEN #196
0 \ MICROCODE --- U/MOD - 2
i DECIMAL CROSS-COMFILER

2 ( #%%x¥ Continuation of opcode page # 103 #x¥x )

2 ( BIT 0 t¢ DIVIDE SLIDLOI SLLALUI 33

4 ( BIT 1) S :: DIVIDE SLIDLO] SLEALUI INCIMPCI 33
S ( BIT 2 6 33 DIVIDE SLIDLOI SLLALUZ JMP=000 33
&

7 .

8

9

10

14

12

i3

14

15

SCREEN #197

0 \ MICROCODE --- U/MOD - 3

1 DECIMAL CROSS-COMFILER

2 106 CURRENT-OFCODE !

3 ( BRIT 3 O :: DIVIDE SLEDLO] SLLALUT g3

4 ( BIT 4) 1 :: DIVIDE SLIDLOJ SLCALUI 33

S ¢ BIT 8 2 s: DIVIDE SLIDLOI SLLALUI 33

6 ¢ BIT 6 3 :: DIVIDE SLIDLOI SLLALUI ;3

7 ( BIT 7)) 4 :: DIVIDE SLIDLOJ SLCALUIL ;3

8 ( RIT 8) S :: DIVIDE SLIDLO] SLLALUD ;3

? ( BIT 9) 6 z: DIVIDE SLILDLO]1 SLEALU] INCTMPCI 33
10 ( BIT 10 ) 7 s: DIVIDE SLIDLOI SLIALUI JMP=000 ;3
i1

i2 *
i3

i4

is

SCREEN #198
\ MICROCODLE --- U/MOD - 4

4]

1 DECIMAL CROSS-COMFILER

2 107 CURRENT-OQOFCODE !

3 ( BIT 11 O :: DIVIDE SLIDLOY SLLALUIL 33

4 ( BIT 12 1 :: DIVIDE SLLDLO] SLLALUD 3 !

S ( BRIT 13 ) 2 :: DIVIDE SLIDLO] SLIALUY ;3

& ( BIT 14 ) 3 :: DIVIDE SLIDLDI1 SLLALUI 33

7 ¢ BIT 15 ) 4 :: DIVIDE SLIDLOJ SLLALUD 33

8 { BIT 1&6) 5 :: DIVIDE SLIDLOI SLLALUD 33 4
? ( BIT 17 ) 4 :: DIVIDE SLIDLOI1 SLL{ALU] INCCMPCY s
10 ( BRIT 18 7 :: DIVIDE SLIDLOI SLLALU] JHP=000 g3

o
wo

“as
(=T
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133 ' 134

11
12
13
14

15

SCREEN #199

O \ MICROCODE -—— U/MOD - 5
DECIMAL CROSS-COMPILER

108 CURRENT-OPCODE !

( BIT 19 ) 0 :: DIVIDE SLLDLO] SLIALUI ;3

( BIT 20) i :: DIVIDE SLIDLO]1 SLIALUI 33

( BIT 21) 2 :: DIVIDE SLIDLOJ SLUALUD ;3

¢ BIT 22 3 :: DIVIDE SLIDLO] SLIALU] ;3

( BIT 23 ) 4 :: DIVIDR SLEIDLO] SLTALUY ;3

( BIT 24 ) 5 :: DIVIDE SLIDLO] SLIALU] ;3

( BIT 25 ) & :: DIVIDE SLIDLO1 SLUALU] INCIMPCY 33
( BIT 26 ) 7 ::  DIVIDE SLIDLOJ SLIALU] JMP=000 33

. A P pa A s
UDUWUN=OSOONOCUN UM

SCREEN #200
0 \ MICROCODE --- U/MOD
{ DECIMAL CROSS-COMPILER

|
o

2 109 CURRENT-OFCODE !

3 ( BIT 27 ) O :: DIVIDE SLIDLO] SLCALUD ;3

4 ( BIT 28 ) 1 :: DIVIDE SLIDLOJ SLLALUI ;3

5 ( BIT 29 ) 2 :: DIVIDE SLIDLO] SLLALUY 53

& ( BIT 30) I :: DIVIDE SLIDLO] SLLALU] INCIMPC] ;3
7 ¢ BIT 31) 4 :: DIVIDE SLEIDLOY - JMP=000 ;3
8

9

10

11

12 :

13

14

15

SCREEN #201
O\ MICROCOQDE --- U/MOD - 7
1 DECIMAL CROSS-COMPILER
110 CURRENT-OPCODE !
\ Test sign of result :
¢ s: SOURCE=DHI INCIDF] JMF=0Q18 33

:: SDURCE=DHI DEST=DS JMF=111 DECODE
SOURCE=DLO ALU=B DEST=DHI END

a

5

& \ Result »>= 0 Don’'t add divisor back
7 2

8 7

9

10 \ Result <« 0 Add divisor to remainder

11 =z :: GSOURCE=DHI  ALU=A+B DEST=DHI JMP=010 ;
12
13 33:END
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135 ' 136
SCREEN #2022
0 \ MICROCODE -~-- WORDSWAF(2) (ROLL 16 BITS RIGHT)
1 DECIMAL CROSS-COMFILER
2 111 OPCODE: WORDSWAP ( NI -> N2) :
¢ 3 ALU=A ROLLTALUI DEST=DHI DECODE 33

1 =2 ALU=A ROLLLALUI] DEST=DHI END g3

SCREEN #203

0 \ MICROCODE ---— XOR(2)

1 DECIMAL CROSS-COMPILER

2 112 OPCODE: XOR ( N1 N2 -3 N3 )

5 g
R

3 0 3¢ SOURCE=DS ALU=AxorB DEST=DHI INCCDP1 DECODE
4 1 s ' END
S
& 33END
-
8
Q
i0
i1 :
12 . N
13
i4
iS5
SCREEN #2204
C )
1
2
3
S
b
7
8
9
10
11
12
1z
14
S
SCREEN #2205
© \ MICROCODE —--- SWAF_DROF (2)
1 DECIMAL CROSS-COMFILER
2 120 OFCODE: SWAF_DROF ¢ N1 N2 -3 Ni )
3 O ss  INCLDFI - : DECODE
4 1 2 END 33
S

o
9
@

g

B wo



Voo

10
11
12
13
14
15

m
Z
o N
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137 7 o 138

SCREEN #206
\ MICROCODE --- <CM-STEF:>(10/3)

[a)

1 DECIMAL CROSS-COMPILER

2 \ CMOVE step

I 121 OFCODE: <CM-STEP> ( SRCADDR DESTADDR U —-> S+1 D+1 U-1 DONE?)
4 O :: ALU=A-1 DEST=DHI DECCDP1 JMP=01Z 33

S ( Count not = 0 -— continue ) . '

6 3 :: SOURCE=DHI DEST=DS INCLDF1 ALU=0 DEST=DHI ;3

7 4 :: INCICDF1 ALU=A+1 33

8 S :: SOURCE=DS DEST=ADDRESS-LATCH ALU=A+B DEST=DHI 33
9 \ Fetch source byte
10 é :3 SOURCE=DHI DEST=DS DECIDF1] h INCCMPCI ;3
11 7 +:+ SOURCE=RAM-BEYTE DEST=DLO ALU=0 DEST=DHI JWMP=000 ;3
12
13 ( Count = 0 —— stop ) :
14 2 :: DECODE JMP=001 33 .
15 1 :: SOURCE=DHI DEST=DS ALU=-1 DEST=DHI END 3
SCREEN #2207

© \ MICROCODE --- «CM-STEF> --2

1 DECIMAL CROSS-COMPILER

2 122 CURRENT-OFCODE ! .

3 \ Store destination byte

4 O 11 ALU=A+1 ;3

S 1 :: SOURCE=DS DEST=ADDRESS-LATCH ALU=A+E DEST=DHI ;3

& Z :+: GSOURCE=DHI DEST=DS DECIDF] H

7 3 :: SOURCE=DLO DEST=RAM-BYTE HH

8 4 :: DECODE ;3

g S :: ALU=0 DEST=DHI END 53

10 33END

11

13

14

SCREEN #208
\ MICRGOCODE --= <<{CM-STEF>(11/3)

0

OO0 OMNOeMb M-

-

DECIMAL CROSS-COMFPILER
\ CMOVE step
123 OPCODE: <<CM-STEF> ( SRCAD DSTAD U -> S-1 D-1 U-1 DONE? )
:: ALU=A-1 DEST=DHI DECCRF1 IMP=01Z * 33
( Count not = 0 —— continue ) - ) -
3 :: SOURCE=DH1 DEST=RS INCCDFI’ ALY=-1 DEST=DHI ;3
\ Fetch source byte o
4 :: SOURCE=DS DEST=ADDRESS-LATCH ALU=A+B DEST=DHI 3;;
5 :: SOURCE=DHI DEST=DS DECCDP3 . INCCMPC]
& :: SOURCE=RAM-BYTE DEST=DLO ALU=-1 DEST=DHI JMP=000
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139 ' 140
12 {( Count = O —— stop )
13 2 23 DECLDPF1 INCLRP1 DECODE JHMP=001 3
14 i 33 SOURCE=DHI DEST=DS ALU==1 DEST=DHI END 33

iS5

°
s

SCREEN #209
O \ MICROCODE --- <<CM-STEF> —-2

i DECIMAL CROSS-COMFILER

2 124 CURRENT-0OPCODE !

3 \ Store destination byte

4 0 :: SOURCE=DS DEST=ADDRESS-LATCH ALU=A+B DEST=DHI g3

S 2 :: GSOURCE=DHI DEST=DS DECIDP1 xy '
b6 1 =: GSOURCE=DLO DEST=RAM-EBYTE 33

7 3 :: SOURCE=RS DEST=DLO ALU=0 DEST=DHI INCIRPI DECODE 33
8 4 33 SOURCE=DLO DEST=DS END 33

% 33END

10 SPECIAL

11

12

13

14

SCREENM #2190

0 N MICROCODE --- ORC! (&)
1 DECIMAL CROSS-COMFILER
2 125 OFCODE: ORC! ( B "ADDR = )
Z \ Fetch operand
4 O :: SOURCE=DS INCIDF1 3 N\ Load N into bus latc
S 1 :: SOURCE=DHI DEST=ADDRESS-LATCH ALU=B DEST=DHI 33
& 2 :: SOURCE=RAM-RYTE DEST=DLO 33
7 3 :: SOURCE=DLO ALU=Rork DEST=DHI 33
8 4 s SOURCE=DHI DEST=RAM-BYTE DECODE 33
9 S sz SOURCE=DS ALU=B DEST=DHI INCLDP2I END 33
10 33END
11
12
1=
i4

13

SCREEN $#211 -
¢ \ MICROCODE === 4%(2)

1 DECIMAL CROSS-COMFILER
2 12& OFCODE: 4% ( N =2 N+N )
3 \ Get a O into highest bit of DLO for shift operation
4 0 s ALU=A+A SRIDLOJ DEST=DHI DECODE 33
] 1 33 ALU=A SLLALU] DEST=DHI END $8
6 33END
=z
8
9
10
i1
12
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SCREEN #212
0 \ MICROCODE —--- <INTERRUPT>(11) Interrupt service word
1 DECIMAL CROSS-COMPILER \ MUST be op-code ¥ !!1!t1
2 1 OPCODE: <INTERRUPT>

3 { —=> FPAGEYXADDR-CNT INT-FLAGS )

4 O :: HH

S 1 :: SOURCE=ADDRESS-COUNTER DEST=DLO DECCDP3] HH
é 2 :: SOURCE=DHI DEST=DS DECLDP] ;3

7 I :: SOURCE=DLO DEST=DS ALU=0 DEST=DHI 33
8 4 :: SOURCE=DH! DEST=ADDRESS-COUNTER 33

9 \ Flace -1 in flags to mask interrupts

10 S 3:  SOURCE=FLAGS ALU=-1 DEST=DHI INCIMPC] ;3
11 é :: SOURCE=DHI DEST=FLAGS ALU=B DEST=DMI JMP=000 33
12 *

13

14

15
SCREEN #2173

-0\ MICROCODE ---— <INTERRUFT> —-2

1 DECIMAL CROSS-COMFILER _

< 2 CURRENT-OFCODE ! :

3 \ Execute program at address 0

4 0 :: SOURCE=RAM DEST=DECODE DECODE ;3

S 1 s END 33

6

7 33END

8 FOISON SFECIAL

9

10

11

12

13

14

SCREEN #214

0 \ MICROCODE --- SET-FLAGS (&)

1 DECIMAL CROSS-COMFILER

2 127 OFCODE: SET-FLAGS ( NEW-FLAG-WORD -> OLD-FLAG-WORD )
3 O 1: H

4 1 :: SOURCE=FLAGS DEST=DLO ;;

S 2 :: SOURCE=DHI DEST=FLAGS i : "
é 3 :: SOURCE=DLO ALU=R DEST=DHI 3;;
7 4 :: DECODE ;; )

8 S 13 END g3

@ 33END

10

11

12

13

14

SCREEN #215

0 N MICROCODE --- RTI(&) Return from interrupt
1 DECIMAL CROSS-COMPILER

2 128 OPCODE: RTI

3 ( PAGEXADDR-CNT INT-FLAGS -> )

4 G :: SOURCE=DHI DEST=FLAGS ;3

S 1 :: SOURCE=DS DEST=PAGE 33
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263 | . 264

=} 124 ARE 134 = NOT ABRORT" ABRSA"
& -134 @aRS 124 = NOT ARDRT" ARSR"
7 #LooF L ."‘ TTERMINAL ABORT'" EBREAK" #L.OCF
2 CR « « « « . ER 3
o
13 X—-AES
11
13
i4
S
SCR O#70
O N MICROCODE TESTING CHMOVE
1 DECIMAL
Z CREATE TEXTD 10 ALLAOT CREATE TEXTE 10 ALLOT
I 1 A-CHMQVE
4 1232 4%
S 1111 TEXTE ! 2222 TEXTE 1+ !
& REFS #D0O 2000 #DO
7 o TEXTD ! O TEXTD 1+ ! O TEXTD 2+ ! O TEXTD Z + !
= TEXTE TEXTD 1+ 2 CMOVE
< TEXTE @ AEORT" CHMOVEA"™ TEXTD 3 + & ARORTY CMOVEER"
10 TEXTD 1+ & 1111 = HNOT ARORT" CHOVEC®
i1 TEXTD 2+ @ 2222 = NOT ARORT" CHOVEDY
12 #LOOF " W PTERMINAL ARORT" BREAK" #LOOF
1z CR . «. . . « CR 3
14 X-CHOVE
15
SCR #71
QO MICRCCODE TESTING 2/
1 DECIMAL
2 2 X=2/
= 1 23 43
4 REFS #D0 -1 #D{
S S 2/ 2 = NOT ARART" Z/4av
& -5 2/ -2 = NOT ARDRT" 2/B"
7 -5 £/ —-E = NOT ARORT™ 2/C®
e -1 Z/ ABORTY 2/D"
< #LO0F . . TTERMINAL ABORT" BREAK™" #L.OQOF
10 CR . . . « « CR 3
11
2 OX-2/ i
1= ‘
14
15
SCR #72
O N\ MICROCODE TESTING @ !
DECIMAL

VARIABLE VARXA

: X-@!

12245

EEATA TN S SR W SR I D% B

REFS #DOD -1 #DO
-1 VARXA ! VARXA @ =1 = NOT ABRDRT" !EA“
G VARXA ! VARXA @& ARORT" '@E"
#.00F v 0" ?TERMINAL ABORT" BREAE" #LOOF
CR + « « « « CR ;

....
o
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145 146
12
13 .
14
15
SCREEN #219 T
O N MICROCODE ---— COUNT-DOWN (3/4) Favors taking the branch
1 DECIMAL CROSS-COMPILER \ Similar to DUP_1-_SWAF_0=_0OBRANCH
"2 178 OFCODE: <COUNT-DOWN®> ( FLAG —> ../FLAG ) \ BUT drops at end!
2\ 0 flag => branch non-0 flag => go to next instruction
4 \ Must ALWAYS be used with a CALL attribute! !t
S. 0 :: OSOURCE=ADDRESS-COUNTER DEST=DLO JMP=01Z ;;
& \ FLAG=D Allow compiled branch to take affect
7 3 :: ALU=A-1 DEST=DHI INCIRF] DECODE ;3
8 4 z: END ;3
9 \ FLAGL>0 Override compiled branch
10 2 :: SOURCE=DLUO DEST=ADDRESS-COUNTER JMP=101 ;3
11 \ Wait for RAM access
12 S :: SOURCE=RAM DEST=DECODE INCCRP] DECODE 33
3 6 :: SOURCE=DS ALU=B DEST=DHI INCCDP] END HEH
14 ;:END FOISON SFECIAL

SCREEN #220

¢ \ MICROCODE —-—-— @+(5)

1 DECIMAL CROSS-COMFILER

2 139 OPCODE: @+ ( N1 ADDR -> N2 )

3 QO :: GSOURCE=DS 33 )

4 1 :: SOURCE=DHI DEST=ADDRESS-LATCH ALU=B DEST=DHI ;;
S 2 ::+ SOURCE=RAM DEST=DLO HN

) 3 :: SOURCE=DLO ALU=A+E DEST=DHI INCCDP] DECODE
7 4 :: END ;3 . N
8

9 3:END

10

11

12

13

14

SCREEN #221
0 \ MICROCODE --- 3_PICK (4)
1 DECIMAL CROSS-COMFPILER

2 140 OPCODE: 3_PICK ( N1 N2 NI N4 -> N1 N2 N3 N& N2 )

: 0 :: BSOURCE=DHI DEST=DLO INCLDP]

3 HH HH

4 1 :: SOURCE=DS ALU=E DEST=DHI DECCDP] ;’;

5 2 :: DECLDP1 . : DECODE 3;;
& 3 :: SOURCE=DLO DEST=DS END 53
7 .

8 ;3END

9

10

11

12

13

14

15



. 5,053,952
147 148

SCREENM #2222
0 \ MICROCODE ~—-- 4_FICK (&)
.1 DECIMAL CROSS-COMFILER

2 141 OFRCODE: 4_PICK ¢ Ni N2 NI N4 -> N1 N2 N3 N4 Ni )
Rt 0 :: SOURCE=DHI DEST=DLO INCCDFI 33

4 1 sz INCCDF1] 33 !

S 2 :: SOURCE=DS ALU=E DEST=DHI DECIDF1 33

6 3 zs DECCDF1] 33

7 4 g DECLDF1 DECODE
8 ., S :: SOURCE=DLO DEST=DS END

9
10 33END

11
12

i3 .
i4

15
SCREEN #2223

O \ MICROCODE —---~ D>R(4)

i DECIMAL CROSS-COMFILER .
2 142 OPCODE: D>R ( N1 N2 -=->)) ( Returns —=> N2 Ni )
3 O :: DECCRPI 33

4 1 :: SOURCE=DHI DEST=RS DECLRPI 33

5 2 s: SOURCE=DS DEST=RS INCCDF] DECODE 33

b6 3 33 SOURCE=DS. ALU=B DEST=DHI INCCDP3I END 33
7

8 33END

9 FOISON SFECIAL

io

il

12

i3

i4

i3
SCREEN #224

0 \ MICROCODE --- DR>(3)

1 DECIMAL CROSS-COMPILER

2 143 OFCODE: DR> ¢ => Ni N2) ( returns N2 Ni ->)
3 QO :: DECILDPI 33

4 1 :: SOURCE=DHI DEST=DS DECLDPFI 3

S 2 :: SOURCE=RS DEST=DS INCLRPI 33

6 3 2z SOURCE=RS DEST=DLO INCIRP) DECODE
7 4 :3 SOURCE=DLO ALU=B DEST=DHI : END 3
8 .

® 33END

10 POISON SPECIAL

it

12 *

13

id4

15 .

SCREEN #2235

A MICROCODE --- DROT (13 ‘

DECIMAL CROSS-COMFILER '

144 OFCODE: DROT . ( D! D2 D3 -» D2 D3 D1 )
0o 353

1 ¢: DECIRPI ;3

I L) = D
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] \ Transfer D3 to RS

6 . 2 :: SOURCE=DHl DEST=RS DECLRPI 33

7 X :: SOURCE=DS DEST=RS DECLRF]1 INCLDP] 33

8 \ Transfer D2 to RS

4 4 :: SOURCE=DS DEST=RS DECIRP] INCCDP1 ;3

10 5 ::  SOURCE=DS DEST=RS - INCCDP1 33

11 \ Transfer D1 to DHI:DLO

12 & ::  SOURCE=DS ALU=B DEST=DHI INCCDP1 INCIMPCI ;3
13 7 :: SOURCE=DS DEST=DLO JIMP=000 33
14

15

SCREEN #22

0 \ MICROCODE --- DROT --2

{ DECIMAL CROSS-COMPILER

2 145 CURRENT-OFCODE !

3 \ Transfer D2 from RS to DS

4 O :: SOURCE=RS DEST=DS INCCRP] DECELDP1 ;3
S 1 :: SOURCE=RS DEST=DS INCCRF1 DECLDPI

b6 \ Transfer D3 from RS to DS . _

7 2 :: SOURCE=RS DEST=DS INCLRP1 DECLDP1 ;3
8 3 :: SOURCE=RS DEST=DS INCIRP1 DECCDP] DECODE ;3
Q \ Transfer Di(LO) from DLO to DS

10 :: SOURCE=DLO DEST=DS END 33

11

12 33END

13

14

15

SCREEN #227

0 \ MICROCODE --— DOVER (7)
1 DECIMAL CROSS-COMPILER
2 144 OPCODE: DOVER ( D1 D2 -> D1 D2 D1 )
3 O :: INCCDPI1 ;3
4 \ Save D1 in RS:DLO
S 1 :: DECIRF]1 INCLCDP1 33
b 2 :: SOURCE=DS DEST=DLO DECLDP] 33
7 3 :: GSOURCE=DS DEST=RS DECCDP1 33
8 \ Transfer D2hi and Dilo to DS
Q 4 :: SOURCE=RS DEST=LATCH DECLDP]1 INCLRPI1 33
10 5 :: SOURCE=DHI DEST=DS ALU=B DEST=DHI DECCDP] DECODE 33
11 & 1: SOURCE=DLO DEST=DS END 33
12 :
13 ;;END
14
15
SCREENM #2Z :
O \ MICRQCODE --— D= (5/6&)
1 DECIMAL CROSS-COMFILER
- 2 147 OFCODE: D= ( D1 D2 - =FLAG )
3 \ Save D2(lo) in DLO
4 Q :: SOURCE=DS DEST=DLO INCCDF] 33 :
S \ Compare hi halves . '
& 1 :: SOURCE=DS AllU=AxorB DEST=DHI INCLDP] ;3
7 2 :: SOURCE=DS AlU=R DEST=DHI INCLDF1 JMP=10Z 33
8 \ Not =
Q 5 :: DECODE JMF=111 33
10 7 :: ALU=0 DEST=DHI END j;;’



.
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11 N\ Hi halves =

i2 4 :: SOURCE=DLO ALU=AxorR DEST=DRI JMP=011i ;3
13 3 ¢ JMF=11Z2 DECODE 33

14 6 3: ALU=-1 DEST=DHI END ;3 ( Results = )

15 33END

SCREEN #2229

© \ MICROCODE ---— <UNORM> (6+4#%X)

1 DECIMAL CROSS-COMFILER

2 148 OPCODE: <UNORM: { MANT EXP =-> MANT EXP )

3 0 3: SOURCE=DS DEST=DLO

4 ALU=A+1  DEST=DHI JMP=010 33

S \ Loop for justifying. DHI = 0 after shift while in loop
1) 2 s: ALU=A-1 DEST=DHI JMP=100 33

7 4 :: SOURCE=DHI DEST=DS

- - ALU=0 CIN=0 SLIDLO] SLLALU] LiST=DHI ;3
e S s: ALU=A DEST=DHI 33 ( Allow Z bit to be set }

10 & :: SOURCE=DS ALU=E DEST=DHI JMP=01Z g3

11

12 \ Un-shift two bits
13 ALU=-1 SRIDLOI JMFP=111 INCEMPCI 33
i4 ALU=0 SREDLO1 JHP=000 33

i3

~N A

SCREEN #2230

0O \ MICROCODE === <UNGRM> —-2

1 DECIMAL CROSS-COMPILER .

2 149 CURRENT-~OFCODE !

3 \ Finish up at end

4 ¢ :: SOURCE=DS ALU=B DEST=DHI 83
S 1 :: GSOURCE=DLO DEST=DS ALU=A+1 DEST=DHI DECODE $3
& 2 2z END 33

7 3sEND

B8

q

i0
i1

i2

i3

14
is

SCREEN #2731

O \ MICRQCODE -—-- <UDNORM:

1 DECIMAL CROSE~-COMFILER

T 150 OFCODE: <UDNORMX>  ( DMANT EXFP - DMANT EXP )
\ SETUF: DLO = DMANTLO DHI = DMANTHI DS = EXF

4 \ Uze RS as temp holding location for DMANTHI

S © :: SOURCE=DS DEST=LATCH ALU=A+1 DEST=DHI g3

b6 1 :: SOURCE=DHI DEST=DS INCLDF1] DECLRF1]

7 SOURCE=LATCH ALU=B DEST=DHI 33

8 2 3z SOURCE=DS DEST=DLO DECEILDPI] - INCICMPCI 33
9 3 :: SOURCE=DHI DEST=RS JMP=00S 33
10

11



SCREEN #232

© \ MICROCODE =---= <UDNORM>
1 DECIMAL CROSS-COMPILER

153

2 151 CURRENT-OPCODE !

LD = DMANTLO DHI = RS =

\ Sign bit zero —-- do another shift
O :: SOURCE=DS DEST=LATCH

NONOCWUBD

10

i1
12
13
14

15

\ SETUF: D

oM h

~

SCREEN #2233

o

-
-

L

1
4
S
é
7
8

0

10
11
12
13
14
15

ALU=A CIN=0 SLIDLO1]
SOURCE=DHI
SOURCE=RS DEST=LATCH ALU=A-1
SOURCE=DHI DEST=DS

DEST=RS

5,053,952

-2

SLLALW]

DMANTHI

SOURCE=LATCH ALU=B DEST=DHI

SOURCE=RS DEST=LATCH

\ MICROCODE --- <UDNORM> --3
DECIMAL CROSS-COMPILER

151 CURRENT-OFPCODE !

\ Done —-- shift right 1 bit and end

JMP=00S

1 :: SOURCE=LATCH ALU=E SRLALU] SRIDLO]
INCIDP]1 INCCRPI]

.

152 CURRENT
O
1

s sEND

SCREEN #2734

OO0~ B by

10
11
12
13
14

15

\ MICRDOCODE -—- C+! (&)
DECIMAL CROSS-COMFILER

5% OFCODE:

N
Qo
1

-
-—
-

~

4

=
-~

;s sEND

SCREEN #Z735
\ MICROCODE ——— =0_7EXIT_O (3/6)

0

1
3
4

DECIMAL CROSS-COMPILER

154 OFCODE:

SOURCE=DHI

SOURCE=DHI

2 3: SOURCE=DLO DEST=DS

-0OPCODE !

C+! ¢ N

\ Fetch operand

SOURCE=DS
SOURCE=DHI
SOURCE=RAM-EBYTE
SOURCE=DLO ALU=A+E DEST
DEST=RAM~EBYTE
SOURCE=DS ALU=E DEST=DHI

=0_TEXIT_O

: SOURCE=DS DEST=LATCH
¢+ SOURCE=DHI DEST=DS

SOURCE=LATCH ALU=B DEST=DHI

ADDR -3 )

INCCDFI 335 \
DEST=ADDRESS-LATCH

DEST=DLO

DECLDP]

154

DS = EXP

DEST=DHI JMP=100
SOURCE=LATCH ALU=B DEST=DHI
DEST=DHI 3;;

CIN=0 DEST=DHI

INCCMPC1 ;3

IMP=000 ;3

DECODE 3

END 33

I

Load N into bus latch

'
L]

=DHI 33

- INCLDF]

ALU=E DEST=DHI

DECODE 33
END. 33

Expert system support

¢ TRUE-FLAG -> )

(0

-> 0)

\ Continue
\ Exit

.
as
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5\ O flag => EXIT non-0 flag => go to next instruction
&6 \ Must ALWAYS be used with a CALL attribute!!!!!
7 O 2 JIMP=01Z 3;3;
8

? \ FLAG<>O Allow compiled subroutine call to take effect

10 3 s JMP=001 DECODE 33
i1 1 sz SOURCE=DS ALU=E DEST=DHI INCLDP1 END 33
12
13
14
15

SCREEN #3236
© \ MICROCODE --- =0_7EXIT_O ~--2

1 DECIMAL CROSS-COMFILER
2 \ 154 CURRENT-OFCODE ! .
Z \ FLAG=0Q Override compiled CALL plus do an EXIT
4 2 :: SOURCE=RS INCLRP1 JMP=100 ] \ Get 2nd return addr
S 4 :: SOURCE=RS DEST=ADDRESS-COUNTER ;; ( Also sets latch )
) \ Wait for RAM access
7 S s HH
8 6 33 SOURCE=RAM DEST=DECODE INCCLRFP] DECODE 33
9 7 s  ALU=0 DEST=DHI END g3
1o .
i1l 3:;END FOISON
12
13
14
i5
SCREEN #2337
~ O\ MICROCODE --- <>0_REXIT_O (3/6) Expert system support
1 DECIMAL CROSS-COMFILER
2 155 OFCODE: <xQ_TEXIT_O ( TRUE-FLAG ~x ) .\ Continue
= ¢ G -> 0 ) \ Exit
3
S N 0 flag =% EXIT nan-0 flag => go to next instruction
5 \ Must ALWAYS be used with a CALL attribute!!!!!
7 O 32 JIMP=01Z 33
8
9 \ FLAG=0 Allow compiled subroutine call to take effect
10 2 23 JMF=001 DECODE 33
11 1 ¢z SOURCE=DS ALU=B DEST=DHI INCIDF]1 END 33
12
13
i4
15

SCREEN #238
0 \ MICROCODE —-—— <>0_7EXIT_O --2
i1 DECIMAL CROSS-COMPILER
2 \ 155 CURRENT-OFCGDE !
N FLAGK»O Override compiled CALL plus do an EXIT
3 SOURCE=RS INCLRF1] HE \ Get 2nd return address
SDURCE=RS DEST=ADDRESS-COUNTER 33 ( Also sets latch
\ Wait for RAM access

P

SOURCE=RAM DEST=DECODE  INCLRF1 DECODE ;3
ALU=0 DEST=DHI END 33

No

QOO0 MmO U A

[y

)
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11 33END FOISON
12.
13
14

15

SCREEN #2239

0 \ MICROCODE —--- <>0_%EXIT (3/6) Expert system support

1 DECIMAL CROSS-COMFILER

2 156 OFCODE: <>0_TEXIT ( FALSE-FLAG -> ) "\ Continue
3 ( TRUE-FLAG -> ) \ Exit

4

S\ non-0 flag => EXIT ¢ flag => go to next instruction

& \ Must ALWAYS be used with a CALL attribute!!!!!

7 ts JIMF=017 ;3

8

@ \ FLAG=0 Allow compiled subroutine call to take effect
10 2 s JMF=001 DECODE ;3

11 1 :: SOURCE=DS ALU=R DEST=DHI INCI{DP] END ;3

i
13
14

15
SCREEN #240

"0 \ MICROCUODE —-- ~>0_%TEXIT --=-2

1 DECIMAL CROSS-COMFILER

Z \ 156 CURRENT-0OFCODE ! '

Z \ FLAG=O Override compiled CALL plus do an EXI

4 3 ::  SOURCE=RS INCLCRF1 JMP=100 ;33 \ Get 2nd return addr
S 4 :: GSOURCE=RS DEST=ADDRESS-COUNTER 3;; ( Also sets latch )
& ' \ Wait for RAM access

7 S 2 HE

8 6 :: S0OURCE=RAM DEST=DECODE INCLRF] DECODE 33

9 7 :: SOURCE=DS AlLU=E DEST=DHI INCIDFlI END ;3

10 :

11 3$3END FOISON

-
+3

”

-
£

-
(W}

SCREEN #241
O \ M™MICROCODE --- —-1(2)
DECIMAL CROSS-COMFILER \ { Used by xcompiler!)
157 OFCODE: -1 ( - TRUE-FLAG )
0 :: DECIDF] SOURCE=DHI DEST=DLO
) ' DECODE 33

1 :: SOURCE=DLO DEST=DS

ALU=-1 DEST=DHI END HH

D DNO PR e
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SCREEN #2242
O N MICROCODE --- 0O=_NOT(2) \ Forces clean flag value
1 DECIMAL CROSS-COMFILER
2 158 OPCODE: ©O=_NOT (N =>0Q/-1 )
3 O 3 JIMP=01Z DECODE 33
4 .
5 (<20 ) 3 s ALU=-1 DEST=DHI END 33
6 ¢ =0 ) 2 s ALU=0 DEST=DHI END 33
7 $3END
3
9
10
it
12
13
14
g
SCREEN #2473
© N\ MICROCODE --- SET-TRUE (B) \ Expert system support
1 DECIMAL CRDSS-COMFILER \ Compile as a normal opcode
£ 129 OFCODE: SET-TRUE ¢ =% ) '
2\ In-line parameter is pointer to flag location. Flag <- 1
4 \ Also performs an exit
S O :: DECLDF1 SOURCE=RAM DEST=DLO HH
& 1 :: SOURCE=DHI DEST=DS ALU=0 DEST=DHI 83
7 2 :: SOURCE=DLO DEST=ADDRESS~COUNTER ALU=A+1 DEST=DHI g3
8 2 1: SOURCE=DHI DEST=RAM ;3
Q 4 :: SDURCE=RS DEST=DLO ;;
10 S :: SOURCE=DLO DEST=ADDRESS-COUNTER INCIRF3J 83
11 6 :: SOURCE=RAM DEST=DECODE DECODE 33
12 7 :: SOURCE=DS ALU=R DEST=DHI INCEDFI END g3
13 33:END

14 FOISON SFECIAL

15

SCREEN #2244

© \ MICROCODE --- SET-FALSE(8) \ Expert system support
1 DECIMAL CROSS-COMPILER \ Compile as a normal opcode
2 160 OFCODE: SET-FALSE ( -3 )

3 \ In-line parameter is pointer to flag location. Flag <~ ©
4 \ Also performs an exit

S O :: DECLDF1 SOURCF. ‘RAM DEST=DLO HH

6 1 :: SOURCE=DLO DEST=ADDRESS-COUNTER 33

7 2 :: SOURCE=DHI DEST=DS ALU=0 DEST=DHI 83

8 3 :: SOURCE=DHI DEST=RAM ;i

Q 4 :: SOURCE=RS DEST=DLO ;;

10 S st SOURCE=DLO DEST=ADDRESS-COUNTER INCLRF1] 33
11 6 :: SOURCE=RAM DEST=DECODE DECODE 33 )
12 7 :: SOURCE=DS ALU=R DEST=DHI INCEDPI END 33
13 33END .
14 POISON SPECIAL .
15

SCREEN #24%

O \ MICROCODE --- EXFERT-E (7) \ Expert system support
1 DECIMAL CROSS-COMFILER \ Fetch flag value

2 \ Compile with a jump to the flag address

3 161 OFCODE: EXFERT-B ¢ => FLAG-VALUE )
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4 \ In-line flag value fetched as target of jump.
S.\ Also performs an exit
6 0 :: SOURCE=RAM DEST=DLO DECLDF1 33
7 1 :: SOURCE=DHI DEST=DS ;3
8 2 :: SOURCE=DLO ALU=E DEST=DHI ;;
9 "3 :: SOURCE=RS DEST=DLO 3;; K
10 4 :: SOURCE=DLO DEST=ADDRESS-COUNTER INCCLRPJ] ;3
11 S :: SOURCE=RAM DEST=DECODE ' DECODE ;:
12 & 2 END 33

13 33END
14 POISON
15

SCREEN #2464
O N MICROCODE —--- EXPERT-C (&) \ Expert system support

1 DECIMAL CROSS-COMFILER \ Store flag value

-2 \ Compile with a call to the flag address '

3 1462 OFCODE: EXFERT-C ( FLAG-VALUE -> )

4 \ In-line flag value stored as target of jump.

S \ Also performs an exit

6 0 :: SOURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH ;:;
7 1 :: SOURCE=DHI DEST=RAM INCIRP1] HH

8 2 :: SOURCE=RS DEST=DLO 33

9 3 1: SOURCE=DLO DEST=ADDRESS-COUNTER INCLRF1 ;3
10 4 :: SO0OURCE=RAM DEST=DECODE DECODE 53

11 S :: S0OURCE=DS ALU=F DEST=DHI INCLDF1 END 33
12 :3END

13 FOISON

14

15

SCREEN #247 .
O \. MICROCODE --- EXFERT-A (&6/8) \ Expert system support

S AN S clocks if unknown, 7 clocks if known
2 DECIMAL CROSS-COMFILER
3\ Compile with a CALL to the rule list
4 1463 OFCODE: EXFERT-A ( => FLAG-VALUE ) \ If value valid
S C-=>) N if value invalid —— perform call to rule list
& \ Fetch flag value and test for =0 or =-1
7 O :: SOURCE=RAM DEST=DLO DECLDF1 ;; \ Get value
8 1 :: GSOURCE=DHI DEST=DS 3;
4 2 :: SOURCE=DLO ALU=B DEST=DHI
10 \ Increment address counter to point to ist list cell
11 INCLADC] INCIRP] INCLMPCI 33
12
13 \ test for flag = -1

14 3 :: SOURCE=ADDRESS-COUNTER. DEST ADDRESS-LATCH JMP=00S 53
15

SCREEN #248 -
\ MICROCODE --- EXFERT-A --2 \ Expert system support

0

1 DECIMAL CROSS-COMPILER

2 164 CURRENT-OPCODE !

3 \ Flag is valid - true or false. Ferform an exit }

4 :: SOURCE=RS DEST=ADDRESS-COUNTER JMF=100 33;.
S 4 :: INCLRFPI . 33

& S :: SOURCE=RAM DEST=DECODE DECODE 33

7 & 2z END 33

8 \ Flag = -1 -—— Unknown “alue

? \ Access rule list addr-'s
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10 i1 23 SOURCE=RAM DEST=DECODE DECLRP]I ° DECODE
11 \ Flag invalid value -- allow call to take place

12 \ POP last value from DS

13 2 :: SOURCE=DS ALU=R DEST=DHI INCLDP1 END 33
14

15 3:END FOISON

2

“o

SCREEN #249
'O\ MICROCUGDE -—- UNKNOWN_I_@_12_+_!_4 Expert system initing
1 DECIMAL CROSS~-COMFILER

Z 165 OFCODE: UNENOWN_I_@_12 +_ ' 4 ( -3 4 ) ,
3 O :: DECLDFI i3

4 1 :: SOURCE=RS DEST=ADDRESS-LATCH 33

5 2 :: SOURCE=ADDRESS-COUNTER DEST=DS  3:

6 Z :: SOURCE=RAM DEST=DLO ;3

7 4 :: GSOURCE=DLO DEST=ADDRESS-COUNTER ;3

8 ' 5 :: SOURCE=DHI DEST=DLO INCLADCI 33

9 6 32 INCCADC] INCLMPC] 53
10 7 s INCLADC] ALU=-1 DEST=DHI  JMF=0Q0 53
11

13

14

SCREEN #250
\ MICROCODE --- UNKNOWN_.I_@_12 + ! 4 —— 2

.
!

1 DECIMAL CROSS-COMFILER

2 166 CURRENT-OFCODE ! =

3 0 :: SOURCE=ADDRESS-COUNTER DEST=ADDRESS~LATCH ;3
4 1 :: SOURCE=DHI DEST=RAM ALU=0 DEST=DHI 53
5 2 :: SOURCE=DS  DEST=ADDRESS-COUNTER ALU=A+1 33
1) 3 2 ALU=A+A DEST=DHI L

7 4 s AlLU=A+A DEST=DHI DECODE 33

8 S s SOURCE=DL.O DEST=DS END 33

@ 33END

10 FOISON-

11

12

i3

14

iS5

SCREEN #251 .

0 \ MICROCODE === <LOOFP>(10Q/12)

1 DECIMAL CROSS~COMFILER .

2\ Always use with CALL attribute!titt

3 N\ IMPLICIT LOOP RANGE SPAN OF 80000000 Hex

4 1467 OFCODE: <LOCP> t =>) ( RSz LIMIT COUNT => ... )

S \ Load address latch for destination of end-of-~loop fall-through
6 O :: DECILDP] 33 . :

7 1 :: SOURCE=DHI DEST=DS ALU=0 DEST=DHI INCIRPI .3;

8 2 :: SOURCE=RS DEST=DLO. ALU=A+1 DEST=DHI 33

9 S :: SOURCE=DLO ALU=A+B DEST=DHI ‘33 \ Add i to counter
10 4 :: SOURCE=DHI DEST=RS INCLCRP] 133 >

11 S :: SOURCE=RS DEST=DLO "DECLRF1 53 .

12 é 3 SOURCE=DLO ALU=A-E DECIRPJI INCICMPCI 33 \ Test count
13 7 t: SOURCE=RS. DEST=DLO INCCRP1 JMP=00S ;53
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SCREEN #252
.\ MICROCODE --- <LOQP> -- 2

.1 DECIMAL CROSS-COMFILER

2 168 CURRENT-OPCODE !

T ( LOOF ) 1 :: DECODE JMF=100 33

4 -

S ( DONE ) O :: SOURCE=DLO DEST=ADDRESS-COUNTER INCLRPI JMP=010 ;3
6 2 :: SOURCE=RAM DEST=DECODE INCCRP]

7 DECODE JMP=100 ;3

8

9 4 :: SOURCE=DS ALU=B DEST=DHI INCCDF] END ;;
10

11 33END

12 FOISON SFECIAL

-
-~

14

15

SCREEN #2553

¢ \ MICRODCODE ---= D+(7) --1
1 DECIMAL CROSS-COMPILER

2 1469 OPCODE: D+ ( D1 D2 -> D3 )

3 O :1: SOURCE=DS DEST=LATCH \ Place D2(l0) in ALU latch
4 INCLDP]Y ;3

S \ Save D2¢hi) in DLO register , Place D2(lo) in DHI regzster

&6 1 :: SOURCE=DHI DEST=DLD INCCDP] : Sl

7

8

Q

SOURCE=LATCH ALU=B DEST=DHI ;;

\ Compute low half of result r A
2 :: SOURCE=DS ALU=A+B DEST=DHI INC[MPC] ;;

10 3 :: SOURCE=DHI DEST=DS DECLDP1] JMP=10C 33
11 SO
12
13
14
15

SCREEN #2254

0 \ MICROCODE ~—- D+ --2

1 DECIMAL CROSS-COMFILER

2 170 CURRENT-0OFCODE !

3 ( CY<>0 ) 4 :: SOURCE=DS ALU—B DEST=DHI JMP=000 ;3

4 0 :: SOURCE=DLO ALU=A+B+1 DEST=DHI INCLDP] DECODE ;;
S 1 z: END ;; 4

6 +
7 { CY=0 ) 5 :: SOURCE=DS ALU=B DEST=DHI 53

8 é& :3 SOURCE=DLO ALU=A+B DEST=DHI INCCDPJ) DECODE ;;
Q@ 7 :: END ;3

10

11 ;3END

12

13

14
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APPENDIX A

PART II

MVP-FORTH/32 CROSS-COMPILED KERNEL

PROGRAM LISTING

WISC CPU/3Z (C) 1987 BY PHIL KOOFMAN JR.
SCREEN #1
O INDEX —--—— CPRU/3ZZ FKERNEL % MATH SOURCE FHIL KOOPMAN JR.
1 LIBRARY VERSION FILE: KE-NEL.4TH LAST UFDATE: &/1/87
el
3 BETA TEST VERSION (C) COFYRIGHT 1987
4 RY FHIL EOOFMAN JR.
S
6 LOAD SOURCE
7 SCREEN SCREENS CONTENTS
8 _—====== 1 sSES|=|Ss=s==
9 2 LOAD 4 - 76 CROSS-COMPILED KERNEL SOURCE
10 3 LOAD 81 - 103 COMFLETED KERNEL SODURCE FOR CPU/32 LOADING
i1 0o 110 - 141 64-BIT INTEGER MATH PACKAGE
12 . 143 - 199 64-BIT INTEGER MATH PACKAGE
13
14
18
SCREEN #2
0 \ KERNEL LOAD SCREEN FOR CROSS COMPILER
1 DECIMAL
2 CR ." (C) Copyright 1987 by Phil Koopman Jr." CR
3 CRCR ." Cross compiling kernel to CFU/32" CR CR
4 4 76 THRU
S CR CR ." Cross comp111at10n completeda“ CR CR
b ." Type in: CPU32" CR
7 " 3 LOAD" CR CR
8 CROSS COMPILER FORTH DEFINITIONS
9 )

10 \ LIB-FORTH STUFF

11 CR CR ." BET UP FILE1 AS KERNEL.4TH" CR
12 ¢ SETUP FILE1 OFEN LOAD-ALL

13

14

15
SCREEN #3 .

0\ MVFP-FORTH -- LOAD SCREEN TO FINISH COMPILATION FRDM CPU/Z2
1 DECIMAL :

2 81 105 THRU \ Load remainder of kernel

3 CR CR ." Remainder of CFU/32 kernel loaded." CR -
4 CR ." (L) Copyright 1987 by Phil Koopman Jr." CR
S CR CR ." Loading CPU/32 math support.” CR

6 110 141 THRU \ 64-bit integer support

7 143 199 THRU \ 32-bit floating point 5upport

8 CR CR ." Type in: BYE"



5,053,952

169 170
9 CR ." SAVE-ALL" CR CR :
10.." Do a SAVE-FORTH to a DOS file name CPU32.COM if desired" CR
11 s
12
13
14
15
SCREEN #4 )
O \ MVUP-FORTH SOURCE -~ DOUSE"
"1 HEX CROSS-COMPILER
2 VARIAERLE UF 20, { URP YV 3
4 : DOUSE ( -> ADDR ) ‘
5 R @ UP @ + 3
6 R .
7 B’ DOUSE FORTH D& DROF OFFFC AND CROSS-COMFILER DOUSE-ADDR !
8
9
10
11
12
13
14
15
SCREEN #95

0 \ MVF-FORTH SOURCE -- USER VARIABLES O - 07

1 HEX CROSS-COMPILER

3 ( O USER )

4 ( 1 USER )

S ( 2 USER )

& I USER SPO - CSF.  { SFO ! 3

7 4 USER RO OFF. < RO ! }

8 0S5 USER TIE MEM-SIZE -4B0. D+ <{ TIR ! 2
9 0& USER WIDTH : 1F. ¢ WIDTH ! 3
10 07 USER WARNING 1. { WARNING ! 3
11

12 DECIMAL

13

14

15

SCREEN #6&

O \ MVF-FORTH SOURCE -- USER VARIAERLES (8 - OF
"1 HEX CROSS~-COMFILER

)

3 0B USER FENCE

4 09 USER DFP 2000. { DP ! X
5 OA USER VOC-LINK

6 OB USER ‘—FIND

7 OC USER “?TERMINAL

8 OD USER ‘ABORT

§ OE USER 'BLOCK

10 OF USER °'CR

11

2 DECIMAL



SCREEN

Q

VO NOP» W)

bt s B
N e O

d

(23
12

13
1.5

\
HEX

10
i1
12
13
i4
15
i6
17

DEC

#7

MVFP~-FORTH SOURCE -- USER VARIABLES 10 - 17
CROSS-COMPILER

USER
USER
USER
USER
USER
USER
USER
USER

IMAL

SCREEN #8

0

VOoN>UH UM~

i0
i1
i2
i3
i4
18

\
HEX

i8
19
1A
iB
1C
iD
1E
iF

MVP-FORTH SOURCE -- USER VARIABLES 18 - iF
CROSS-COMFILER

USER
USER
USER
USER
USER
USER
USER
USER

DECIMAL

 SCREEN #9

O

SIS R SRR S I o

10
11
12
13
14

15

\
HEX

-~
o0
-~

21
bondgrl
L Lo
~r

PRy
24
29
26

27

MVF-FORTH SOURCE -- USER VARIAELES 20 - 27
CROSS-COMFILER

USER
USER
USER
USER
USER
USER
USER
USER

DECIMAL

SCREEN #10

O

1
=
<
3

\
HEX

MVF-FORTH SOURCE -- USER VARIARLES 28 - 2F
CROSS-COMFILER

171

‘EMIT
‘EXFECT
*INTERFRET
‘KEY

‘LOAD

' NUMBER
‘PAGE

‘R/W

‘T&SCALC
‘VYOCABULARY
"WORD
>IN
BASE
BLK
CONTEXT
CsP

CURRENT
DFL

FLD

HLD
OFFSET
ouT

R#

SCR

28 USER STATE

0.

0A.

On

Q.

O,

. 5,053,952

€ >IN ¢

{ BASE

{ BLK !

{ outr ! 3

r
AS

STATE

3

¥

>

e
)

172
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29 USER “ISERVICE \ Interrupt service vector

DECIMAL

SCREEN #11

0

NVNOoONDCM S M-

10
11
12
13
14

15

\ MVP-FORTH SOURCE -- SF@ SF'! RP@ RP! DEPTH
HEX CROSS-COMPILER
: SF@ ( -» N )

%DF@% OFFF AND ;

: SF! (=3 )
OFFE  %DP!'%

: RFe@ ¢ =>N)
NOP “ZRP@Z OFFF AND ;

RP! t =>)
R> OFFF ZRP'Z >R ;

DEPTH ( -> N )
OFFD sP@ - DECIMAL

SCREEN #12

CONO L) - O

\ MVF-FORTH SOQURCE -- 0}. D< U<
HEX CROSS-COMFILER
s Q- ( N = FLAG )
[} > H
: D« ( D1 D2 -> FLAG )
ROT DDUF =
IF —ROT DNEGATE D+ 0<
ELSE SWAF <« SWAP_DROP
THEN SWAP_DROP H

: UKL ¢ Ul U2 -> FLAG )
O SWAFP O D< 3

DECIMAL

SCREEN #13

(2}

ONOU W) -

\ MVFP-FORTH SOURCE -~ 1 2 EL 2+ 2= EPRINT
HEX CROSS-COMFILER
VARIAELE EFRINT { O EPRINT ! 3

2. CONSTANT 2

4. CONSTANT 4

20. CONSTANT EL

DECIMAL

: 2+ ¢ N1 =-> N2
i1+ 1+ 3
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175 ' 176
9 5 2- (NI => N2
10 i- i- 3
i1 2 4+ { Ni -> N2 )
i2 4 + 3
13 3 4- { NI => N2)
14 4 - 3
15
SCREEN #14
0\ MVP-FORTH SOURCE --~ EXECUTE <EMIT> <CR> <PAGE>

HEX CROSS~-COMFILER

VARIAEBLE DO-EXECUTE -4 RDP +! 1. DATA, 1. DATA,

{ DO-EXECUTE 4- » CONSTANT EXEC-ADDR

: EXECUTE { ADDR -> ) ( 2 NOF's allow store before instr {fetch)
2 OR EXEC-ADDR ! NOF DO-EXECUTE NOP 3

XEMIT> ( CHAR =-> )

EFRINT @

IF © SYSCALL ELSE B8 SYSCALL THEN DROP 1 0UT <! 3
<CR> { =>))

EFPRINT @ 7 SYSCALL DROF O OUT ! 3

oo

s s b
Ne QOO NDU BN

13 ¢ <PAGE> ( => )

i4 1. 8YSCALL 3
1S DECIMAL
SCREEN #15
O\ MVF-FORTH SOURCE -- <KEYZ> LTTERMINAL > INDEX
1 HEX CROSS-COMFILER :
"2 2 SEEY®> (=% CHAR )
= O 2 SYSCALL g
4
S 2 <?PTERMINAL X ( => FLAG )
& O 5 SYSCALL 3
7
8 DECIMAL
9
10
11
12
13
14
15
SCREEN %16
O \ MVF-FORTH SOURCE -- DECIMAL HEX
1 HEX CROSS-COMPILER
2 : DECIMAL 0A BASE ' g
3 @ HEX 10 BASE ! 3
4
5
& DECIMAL
7
8
9
10
i1
12
i3
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SCREEN #17

0\ MVP~-FORTH SOURCE ~- +-

1 HEX CROSS-COMPILER

2 : +-  ( NL N2 -> N3 )

3 0< IF  NEGATE EXIT
4

S : D+- ( DI N2 -> D3 )

6 0< IF DNEGATE EXIT
7 ' .

8 : DAES ( D1 -> D2 )

9 DUF D+- ;

10

11 ¢ MIN  ( N1 N2 => N3 )

5,053,952

D+~

THEN

THEN

DABS

e

LYy

12 DDUP > IF SWAF_DROP EXIT

13 MAX ( N1 N2 -> N3 )

14 DDUP < IF SWAF_DROP EXIT

15 DECIMAL

SCREEN #18
& \ MVF-FORTH SOURCE --
1 HEX CROSS-COMFILER
: M+ (DI N2 =-3> D3
S-3D D+ 3

M* ( N1 N2 -> DI )
DDUP XOR #*R ARS
U* R> D+- 3

00 ~N0 I )

10 OVER DR DUF D+-

M+ M* M/

)

SWAF

M/ ( D1 N2 =2 NI N4 )

11 R> R@& XOR +—, SWAF

13 DECIMAL

SCREEN #19

AERS

THEN DROP-;

THEN DROP

R&@ ARBS U/MOD

R>  +-

0 \ MVFP-FORTH SOURCE —-- Mx/

1 HEX CROSS-COMFILER

SWAF R@ U ROT R
R@ U/MOD  -ROT

0 ONOWU SR

13 DECIMAL

SCREEN #20

HEX CROSS—-COMFILER
T * ( N1 N2 =-> N3 )
Ux DROPFP

M- O

\;
s

R>

\ MVF-FORTH SOURCE --— =

: M®/ (D1 NI NZ =3 D2)
DDUP XOR SWAF AES

SWAP j

>R SWAF

ABS >R OVER XOR -ROT DABS

U ROT

u/mMoD

SWAF_DROF SWAFP ROT D+-

/M0D

O D+

/ MGD

178
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/M0D ¢ NI N2 -> NREM NQUOT )
>R OS->D R M/ 3

oo

L

/(NI N2 -3 NI )
/MOD  SWAF_DROF 3

MOD ¢ Ni N2 -> N3 )
12 /MOD DROP 3

[T
(=9
LT}

14 DECIMAL

SCREEN #Z1 . -
o\ MVF-FORTH SOURCE -— */MOD %/ M/MOD
HEX CRNSS-COMFILER )
T ®/00 CONI W2 N3 -3 NREM NRUOT )
L LIS . n !v:,l .:
3 #/ ( N1 NZ NI -> N4 )
*/MOD  SWAF_DROF 3

: M/MOD  ( UD1 U2 -» U3 UD4 )
*R O RE& U/MOD R> SWAP >R
10 U/MOD  R: 3

00N R)

14 DECIMAL

SCREEN #22
\ MVF-FORTH SQURCE —- EMIT CR FAGE
HEX  CROSS-COMPILER
E° <EMIT: FORTH D& CC £ ‘EMIT ! 3
s EMIT ( CHAR =% )

‘EMIT ® EXECUTE 3

o]

B* <CR> FORTH D& CC { 'CR ! 3
: CR =2
‘Cr @ EXECUTE 3

DO NO U o) e

10 B’ <PAGE> FORTH D€ CC { 'PAGE ! 3
il : FAGE C =>)

12 ‘PAGE @ EXECUTE g
13

14 DECIMAL

i3

SCREEN #23
\ MVP-FORTH SOURCE -- ?TERMINAL KEY
HEX CROSS-COMPILER
E* <?TERMINAL:> FORTH D@ CC { '7?TERMINAL !
¢ PTERMINAL ¢ => FLAG )

‘PTERMINAL @ EXECUTE 3

B’ <KEY> FORTH De CC { “KEY ! 3
: KEY { ~=> CHAR )
"HEY @ EXECUTE g

COMN-UBUR-»O

[ars

-

>

180
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11
12
13
14 DECIMAL
15

SCREEN #24

\ MVP-FORTH SOURCE -- SFACE COUNT TYFE
HEX CROSS-COMPILER ‘

: SFACE ( -3 )

BL EMIT ;

COUNT ( ADDR ~» ADDR+4 N )
DUF 4+ SWAF @ OFFFF AND 3

TYPE ¢ ADDR N =2 )

QONGUHUHUR-C

DUF O3
10 IF OVER + SWAF
11 DO I C& EMIT 1 +LOOF
12 ELSE  DDROF
13 THEN 3

15 DECIMAL

SCREEN #25
O\ MVP-FORTH SOURCE -- -TRAILING SFACES

1 HEX CROSS-COMPILER
2 : —TRAILING ( ADDR N1 -> ADDR N2 )
3 DUF © :
a4 DO DDUF + 1- C& BEL -

5 IF LEAVE ELSE 1~ THEN

& LOOF ;

7

B : SFACES  ( COUNT =-> )

9 0 MAX 7?DUP

10 IF 0 DO SFACE LOOF
11 THEN 3

12
13

14

15 DECIMAL

SCREEN #26

0 \ MVP-FORTH SOURCE -- PAD HERE
1 HEX CROSS—-COMPILER
2 : HERE ( -3» ADDR )
3 DP @ ;

a4

5 : PAD ( -> ADDR )
6 HERE 4C + 3

7

8

9

10

11 DECIMAL

12

13

- -
Ul
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183 ' 184
SCREEN #27 S
O\ MVF-FORTH SOURCE -- ®OLD  <# #> &
1 HEX  CROSS-COMFILER
- 2 & HOLD ¢ CHAR =3 )
z 1 NEGATE HLD +! HLD @ C!' 3
a
S & A ( D1 -» D1 )
& FAD HLD '
7
8 ¢ #i ( UD -» ADDR N )
% DDROP HLD @ FAD OVER -~ 3
10.
11 ¢ # ( UDL -» UD2 )
12 EASE @ M/MOD ROT 9 OVER <
13 IF 7 +  THEN 30 +  HOLD
14

15 DECIMAL

SCREEN #28

0\ MVP-FORTH SOURCE -- <ABRORT"> <."> <ARORT' >
1 HEX CROSS-COMFILER

2 VARIABLE <QUIT-ADDR>

3 VARIABRLE <WHERE-ADDR>

4 : <{ABORT"> ( FLAG -> )

S <<ABORT">> ( Automatically EXIT if FLAG=0 ")

1) ( IF ) <WHERE-ADDR> @ EXECUTE CR

7 R@ COUNT TYFE G&SF! <QUIT~-ADDR> @ EXECUTE H
8 ( ELSE R>DUFP @ + 4 + >R THEN z )

9 B’ <AEBORT"> FORTH D@ CC DROP ABORT"-ADDR !

10 '

11 = <02 ¢ =2

i2 Re COUNT DUF 7 + R> + OFFFFFFFC AND >R TYPE 3
13 B' <."» FORTH De CC DROP - "~ADDR !

i4 DECIMAL

13

SCREEN %29

\ MVP-FORTH SOURCE -- SIGN 8 D.R D.
HEX CROSS-COMFILER

g SIGN (N =-3)

0< IF 2D HOLD EXIT THEN 3

#5 (uUb -> 0 0)
BEGIN # DDUP OR  NOT UNTIL 3

D.R (D N=2>)
>R SWAP OVER DUF D+- .
i0 <¥ #S ROT SIGN &>
11 R> OVER -~ SPACES TYPE 3

SOoONTUHUHUE=O

13 :D. (D=>)
14 0 D.R SPACE ;
15 DECIMAL

SCREEN #30
O \ MVF-FORTH SOURCE -- .R U. . 7
HEX  CROSS-COMFILER
: JRO( N1 N2 =3 )
SWwAF S5->D ROT  D.R 3

RSN O e
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S U { N1 -> )
6 0 D. 3
7
8 : . { NI -2 )
9 §-»D D. 3
10
i1 : ? { NI -> )
12 @ . 3
13
14 DECIMAL
1S
SCREEN #31
O\ MVP-FORTH SOURCE -- 2COMFP 7TCSF 2?LOADING 7?FAIRS

HEX CROSS-COMFILER
: TCOMFP ¢ =>)
STATE @ NOT ABORT" COMPILE ONLY" 3

7CSP ¢ =>)
SFr@ (CSFr & -
ABORT" DEFINITION NOT FINISHED" 3

CONOU B G -

?LOADING ( =>)

10 BLK @ NOT ABORT" LOADING ONLY" 3

11

12 : ?FAIRS ¢ N1 N2 =)
13 - ABORT" CONDITIONALS NOT PAIRED" 3
14 DECIMAL

1S
SCREEN #32

0 \ MVP-FORTH SOURCE -- ?STREAM ?STACK
1 HEX CROSS-COMPILER

2 : ?STREAM « =>)

3 ABORT" INPUT STREAM EXHAUSTED" 3

a

S 3 ?STACK ( =2

6 SkP@ OFFF AND 0080 < ABORT" STACK EMPTY"
7 sSP@ OFFF AND 0100 < ABRORT" STACK FULL"™ 3
8

9

10

11

12

13

14 DECIMAL

1S

SCREEN #373 ’

O \ MVYF-FORTH SOURCE -- PICK ROLL

1 HEX CROSS-COMFPILER
: FICK  ( N1 -» N2 )
DUF 1 ¢  AEORT" FICK ARGUMENT < 1"
SPICKS 3

: ROLL ¢ N1 =3 )
DUF 1 < AEORT" ROLL ARGUMENT < 1"
SROLLY 3

VONOCU SR

[
D)
-
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187 ' 188

i1

{2 DECIMAL

13

14

15
SCREEN #34

O \ MVP-FORTH SOURCE -- <CMOVE>  CMOVE
{ HEX CROSS-COMPILER

2 \ : <CMOVE> ( ADDR1 ADDR2 U =3 )

3\ OVER + SWAP

4 \ DO DuUP C& I C! 1+ LOOF  DROP
5

& \ : CMOVE ( ADDR1 ADDR2 N =2 )

7\ DUF & <~

8 \ iF DDROP D™= P

9 \~ ELSE <CMOV: : TTL s

11 ¢ CMDVE ( ADDR. ADDR2 LOUNT -> )
12 BEGIN <CM-STEi*> UNTIL DROP DDROP

LEt)

14 DECiMAL

SCREEN #335
0 \ MVP-FORTH SOURCE -- <{CMOVE> <CMOVE

1 HEX CROSS-COMPILER

~ \ : <<CMOVE> ( ADDR1 ADDR2 U -3> )

3\ Kk SWAP R@ + 1i- SWAF R@ + 1~ R>
4 \ EEGIN  7DUF WHILE <{CM-STEP> REFEAT
S \ DDROP 3

6\

2 \ 3 <CMOVE ( ADDR1 ADDR2 N =>)

8\ DUP 1K

9 \ IF DDROP  DROP

10 \ ELSE <<CMOVE> THEN ;3

11

12 : <CMOVE ¢ ADDR1 ADDR2 COUNT => )

13 >R SWAP RE@ + 1- SWAF Re + i- R>

i4 KEGIN <<CM-STEP> UNTIL DROP DDROP 3
1S DECIMAL

SCREEN #I6 . - : .

O \ MVP-FORTH SOURCE ~- DISK ACCESS CONSTANTS/VARIARLES
HEX MATH CROSS-COMPILER

MEM-S1ZE -4. D+ CONSTANT LIMIT

1. CONSTANT #BUFF

408, CONSTANT BRUF-SIZE

£ LIMIT #BUFF BUF-SIZE » FORTH D= D- OFFFFFF. DAND
CC CONSTANT FIRST

o TN oo RN o SA) B0 g 8 I % B g

10 40. CONSTANT C/L

11 VARIARLE USE { FIRST UsSE ! 3
2 VARIAEBLE PREV { FIRST PREV !
13 { O OFFSET ! X

S DECIMAL
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SCREEN #37
0 \ MVF-FORTH SOURCE -- <R/W> R/W
1 HEX CROSS-COMPILER
2 1 <R/W>» ( ADDR BLK FLAG -> ) ( No wrap over drive limits )
3 IF 3 SYSCALL ( Read )
4 ELSE 4 SYSCALL ( Write ) ’
5 THEN  DDROP
&
7 B' <R/W> FORTH D@ CC { ‘F'W ! 3
8
9 : R/W { ADDR BLK FLAG ~> )
10 ‘R/W @ EXECUTE 3
11
12 DECIMAL
13
14
15
SCREEN #38
0 \ MVP-FORTH SOURCE -~ +BUF BUFFER UPDATE
1 HEX CROSS-COMPILER
2 : +EBUF ( ADDR —-> ADDR2 FLAG )
3 BUF-SIZE + DUP LIMIT =
4 IF - DROF FIRST THEN
5 DUP FREV @ - 3
&
7 : BUFFER ( N -> ADDR ) ( S8ingle buffer support onlyltttt )
8 USE @ >R RE@ @ O
Q IF R@ 4+ R@ @ 7FFFFFFF AND O R/W THEN
10 R@ ! Re@ PREV ! R> 4+ ;
11 ‘
12 : UPDATE ( => )
13 PREV €@ @ BOOOOOOO OR PREV @ ! g
14 '
15 DECIMAL
SCREEN #39 - .
0 \ MVF-FORTH SOURCE -- <BELOCK> BLOCK

1 HEX CROSS-COMFILER :
: <BLOCK ( N -> ADDR ) { Supports only one block buffer )

-g FREV @ @& 7FFFFFFF AND OVER =

4 -IF DROF

S ELSE DUF BUFFER SWAP 1 R/W
& THEN FREV @ 4+ 3

7

8 B’ <BLOCK» FORTH D& CC { ‘EBLOCK ! %

9

10 : BLOCK ( N -> ADDR )

11 ‘BLOCEK, @ EXECUTE 3

12

13 DECIMAL

14

15

SCREEN #40

O\ FILL {(Character based)

1 DECIMAL CROSS-COMFILER
2 : FILL ( ADDR COUNT VALUE -> )
3 OVER O3

4 1F
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5 -ROT OVER + SWAP DO DUP I C! LOOP DROP
&  ELSE DDROF DROP THEN ;
7
8
)
10
11
12
13
14
15
SCREEN #41 : o
0 \ MVP-FORTH SOURCE -- SAVE-BUFFERS EMPTY-BUFFERS CLEAR
1 HEX CROSS-COMPILER
2 ¢ SAVE-EUFFERS ( =3 )
3 #BUFF 1+ O DO 7FFFFFFF  BUFFER  DROF LOOP 3
A .
S : EMPTY-EUFFERS ( —=> )
&  FIRST LIMIT OVER - 0 FILL
7 ( #BUFF O DO ) 7FFFFFFF ( BUF-SIZE I % ) O FIRST + ! ( LOOP) ¢
8
9 ¢ { EMPTY-BUFFERS 3 )
10
11 ¢ CLEAR (N => )
12  OFFSET @ + BUFFER 400 BL FILL UPDATE 3
13
14 DECIMAL

1S

SCREEN #42

\ MVYF-FORTH SOURCE —--— <LINE> .LINE LIST

O

t HEX CROSS-COMFILER
2 5 ZLINE> ( NI N2 =3 ADDR COUNT )

53 BLOCK SWAP C/L % + C/L 3

4

5 : .LINE ( LINE SCR =% )

& <LINE» ~TRAILING TYFE 3

7

B s LIST ( SCR -» )

C CRk DUP SCR !

10 ." SCREEN #" U. 10 ©

11 DO CR I 3 .R SPACE 1 SCR @ .LINE
12 ?TERMINAL IF <QUIT-ADDR> @ EXECUTE THEN
13 LOOP CR 3

14 DECIMAL

15

SCREEN #43

GOoONOCU RO

\ MVP-FORTH SOURCE --., DIGIT CONVERT
HEX CROSS-COMPILER
: DIGIT ( C N1l -> N2 TF 7 FF )
SWAFP 30 - Dur 9 >
IF bur 11 < IF DROP -1 ELSE 7 - THEN THEN
DUFP ROT < NOT IF DROFP -1 THEN
puP 0L IF DROF- O ELSE ~i THEN

s CONVERT ( UD1 ADDRi -> UD2 ADDR2 )
BEGIN "1+ DUFP R - Ce BASE @ DIGIT
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SCREEN #45

0)

00N WU h) e

10
11

12

4

13

14

15

\  MVF-FGRTH SOURCE -- {EXFECT >
HEX CROSS-COMPILER :
: <EXFECT» ( ADDR N -3 )
OVER O SWAF DDUFP 1+ C! C!
OVER + OVER '
DO KEY DUFP 8 =
IF DROP DUF I = 1 AND DUF
IF 07
ELSE 8 DUP EMIT BL EMIT
ELSE buP OD =
IF LEAVE DROP BL O

ELSE DUF THEN I C! 011+

THEN EMIT
LOOF DROF 3
B’ JEXFECT» FORTH D& CC { 'EXPECT ! 3
DECIMAL

SCREEN #4646

O

VONO U b ) -

\ MVP-FORTH SOURCE -- ‘STREAM EXPECT

HEX CROSS-COMPILER

: ‘STREAM  ( —» ADDR )
ELK @ ?DUF
IF ELOCK ELSE TIER @ THEN
IN @ + 3

EXFECT ( ADDR N -> ) -
‘EXFECT @ EXECUTE ;3

GQUERY ¢ =%
TIE @ S0 EXFPECT O >IN '

DECIMAL

194

NOT RECOGNIZED"

R» 2= +

~3 0UT +!

-1

193

10 WHILE GSWAF EASE @ U* DROP ROT EASE @ U«
11 D+ DFL @ 1+

12 IF 1 DPL +! THEN
13 R>

14  REPEAT RY» 3 -

1S DECIMAL.-
SCREEN #44 ,

0 \ MVP-FORTH SOURCE -~ <NUMBER> NUMBER
1 HEX = CROSS-COMPILER

2 : <NUMEER> ( ADDR -> D )

3 I+ O0ROT DUP 1+ Ce 92D = DUP >R -~
4 CONVERT DUP C& BL >

5 IF DUF C& O2E = NOT

6 ABORT" NOT RECOGNIZED" O DPL !

7 CONVERT DUP Ce& BL > ABORT™"

8 THEN DROP R>

9 IF DNEGATE THEN ;

10

.11 B’ <NUMBER> FORTH D& CC ¢ °'NUMEER ! 3

12

13 : NUMBER ( ADDR -> D )

14 ‘NUMBER & EXECUTE
15 DECIMAL

>R

THEN

QUERY

DFL

DDUP 1+ C! C!
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SCREEN #47

0 \ MVP-FORTH SOURCE -- ENCLOSE

1 HEX CROSS-COMPILER

2 : ENCLOSE ( ADDR1 C -> ADDR! NI N2 NI )

3 >R DUF EEGIN <ENCLA> UNTIL DDUP SWAP — SWAP

4 ( ..-> ADDR1 N1 ADDR1+N1 )} ( Returns ..=> C )

5 ( R -1 OVER 1- )

6 ( BEGIN SWAP 1+ SWAF 1+ DUP C® R@ = NOT UNTIL  ( #8548 )

7 .

8 EEGIN <ENCLB> UNTIL

o ( ..—> ADDR1 N1 ADDRN2 )

10 ( EEGIN DUP C& DUP RE@ = NOT SWAP O= NOT AND )

11 ¢ : WHILE 1+ REPEAT  ( #s#s#sss )

12 I_FICK -~ N

13 OVER 4_FICK + Ce IF DUP 1+ ELSE 0 THEN
i4 R> DROP g
15 DECIMAL

SCREEN #43
O \ MVP-FORTH SOURCE -- DOVGC FORTH

1 HEX  CROSS-COMFILER '

Z ¢ DOVOC  ( =3 )

3 R: CONTEXT ! 3

4

S : FORTH ¢ => ) 3

& -4 BDF +!

7 K’ DOVOC FORTH D& CC DATA,

g 0. DATA, ( LINK ADDR TO LAST WORD IN DICTIONARY )
9 80000001, DATA,

10 EL O DATA,

11 0. DATA, ( VOCAEULARY LINK )

~

1T DECIMAL

14

15

SCREEN #49

O \ OPTIMIZING COMFILER VARIABLES, ETC.

1 DECIMAL CROSS-COMPILER

3 VARIAERLE OFTIMIZE®? =i, { OFTIMIZE? ! %

4

S VARIAEBLE OFT-STATUS

b -\ 1 = previous instruction is a defaulted JMP
7 \ 4 = previous instruction 'is a CALL

8 \ B = previous instruction can not be changed
9

10 : DEFAULT-JUMP 1 OPT-STATUS ! ;

11 : IS-A-CALL 4 OPT-8TATUS ! 3

12 : DON’'T-DISTURE B8 OPT-STATUS ! 3

13

14

SCREEN #350 '
0\ MVYP-FORTH SOURCE -- ALLOT , LATEST, DEFINITIONS
1 DECIMAL CROSS-=COMPILER : >

2

S ¢ ALLOT ¢ N => )

4 DP +! 3
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S
6: Cy, (B ->) HERE C! 1 ALLOT DON'T-DISTURR 3
7
8

: WORD-ALIGN ( -3 )
? 4 DP @ 3 AND - 3 AND
10 ?DUP IF O DO BL C, LOOP THEN 3
11

12: , C(N-=>) .
13 WORD-ALIGN HERE ! 4 ALLOT DON'T-DISTURB ;
14 1+ X, (N=>)

15 WORD-ALIGN HERE ! 4 ALLOT ;

SCREEN #51 o
O \ MVF-FORTH SOURCE -- LATEST DEFINITIONS
DECIMAL CROSS-COMFILER '
: LATEST  ( =» )
CURRENT @ @ 3

: DEFINITIONS ( =3 )
CONTEXT @ CURRENT ! 3

{ FORTH DEFINITIONS X

O ONO WAk

10
i1
12
12
14

15

SCREEN #3523
\ COMPILER DICTIONARY HANDLING -1
HEX CROSS~-COMFILER .
: OFPCODE, ( MICRO-CODE-INSTRUCTION -> )
FFBOQOCQO AND HERE 4+ OR X, DEFAULT-JUMP ;

: CALL, ( Subroutine—address -> 9
QO7FFFFC AND OFTIMIZE? @
IF OPT-STATUS @ 1 =
IF -4 ALLOT HERE @
FF800000 AND OR THEN

SONOA B GRS

10 THEN
11 2 OR X, IS-A-CALL ;
12 DECIMAL

13

14

15

SCREEN #53

0 \ COMFILER DICTIONARY HANDLING -2

1 HEX CROSS-COMFILER

2 EXIT, t ->)

3 1

4 OPTIMIZE? @

g IF OPT-STATUS @ 1 = ( If 1 status, co.bine the EXIT )
&6 IF -4 ALLOT HERE @

7 FF800000 AND OR THEN '
8 OFPT-STATUS @ 4 = { If 4 status, do tail recurs. elim.)
9 IF DROP -4 ALLOT HERE @

10 FFFFFFFC AND THEN



i1
12
13
i4

13

. SCREEN #354

%)

1

~
’

10
11
12
1=
14

13

SN U L)

5,053,952
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THEN
X, DON'T-DISTURE j

DECIMAL

\ MVP-FORTH SOURCE —-- <WORD:X
HEX CROSS~-COMFILER
: < WORD:™ ( CHAR -~
WORD-ALIGN
‘STREAM sSWarF
IF ( end-stream )
ELSE »IN o+ OVER DU
HERE 4+ ! + HERE 8 +
- ARORT" INPUT > &5535" i+
TYHEN HERE 4+ 3

ADDR )

ENCLOSE DD

4
E’ <WORD> FORTH D& CC { "WORD ‘!
: WORD { CHAR —-> ADDR )
‘WORD @ EXECUTE
DECIMAL

SCREEN #35T

O

OO0 N0 U b))

10
11
12
13
14

15

SCREEN

ONDOMPAN-D

\ MVP-FORTH SOURCE --
HEX CROSS-COMPILER
\ ADDR! is presumed to be a word
: TRAVERSE ( ADDRT N -> ADDR2
Q-
IF { To length word ADDR1
BEGIN 4—~ DUF & 0< U
ELSE ( To end of name string
DuP Ce 1 MAX <+ 3 +
THEN g '

DECIMAL

#56

\ MVP-FORTH SOURCE --
HEX CROSS-COMPILER

\ Header structure:

\ LFA NFA oo TEXT. o
: MFA ( PFA -> NFA )

-1 TRAVERSE

-> LFA )

LFA ( FFa
NFA 4- 3

FPFA  ( NFA -> FFA )
1 TRAVERSE 4+ 3

s CFA
DECIMAL

( FFA -» CFA )

DDROF DDROF

LFA PFA NFA

PFA

{ This will work

200

WORD

uF > ,
O HERE 4+ DDUP 4+ ! !
=R
R
CMOVE

(=]

DUF OFFFF >

3

TRAVERSE

address
)

is last char in header string
NTIL

ADDR1 is length word )
FFFFFFFC AND

CFA

( Note: NO CFA !'! )

)

most of the time ?
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SCREEN #357 - :
0.\ MVP-FORTH SOURCE -- <¥MATCH:

1 HEX CROSS-COMFILER

.2 : <3MATCH> ( TXTADDR! NFAADDR2 -» MATCH-FLAG ) ( ADDR-LENGTH
3 OVER @ OFFFF AND OVER @ 2000FFFF AND =

4 IF ( same length ) T .

5 -1 -ROT 4+ SWAF DUF 4+ GSWAP @ OFFFF AND 1-
6 EBEGIN <«#=STEF> DUPF 0< UNTIL

7 ( BEGIN ROT DUF C@ >R 1+ ROT DUF C& >R 1+ ROT R> R> =
8 ( IF 1- ELSE DROF >R >R DROP ¢ R» R> -1 THEN

9 < DUF 0< UNTIL

10 DROP DDROF

11 ELSE

12 { Different lengths ) DDROF O

13 THEN

14 DECIMAL

15

SCREEN #3558
0\ MVP-FORTH SOURCE -- SFIND> <-FIND:>

1 HEX CROSS-COMFPILER
2 : <FIND> ( TEXT-ADDR NFA-ADDR -»> FFA STATUS -1 / 0 )
3 EEGIN DDUF <$MATCH>
4 IF SWAF DROF DUF FFA SWAP @ -1 -1
5 ELSE 4- @
b DUF IF © ELSE DDROF O ~1  THEN
7 THEN . -
8 UNTIL :
q
10 : <-FIND> ( -> PFA STATUS -1 / 0 )
11 EL WORD CONTEXT @ @ <FIND> ;
12
13 B' <-FIND> FORTH D& CC { '=FIND ! }
14 .
1S DECIMAL
SCREEN #59
0 \ MVP-FORTH SOURCE -- -FIND FIND
1 HEX CROSS-COMPILER
2 : -FIND ( -> FFA STATUS -1 / 0 )
3 “~FIND @ EXECUTE ;
2 .
5 : FIND ( -> ADDR )
6 ~-FIND IF DROP ELSE 0 THEN
7
8
9
10
11
12 DECIMAL
13
14
15
SCREEN #&0
O \ MVP-FORTH SOURCE -- COMFILE C(COMFILEl [ 3
1 HEX CROSS-COMFILER -
.2 : COMPILE ( =3 )
z R> DUF 4+ R @ . '
4 DUF 3 AND IF , ELSE FFBOOOOT AND HERE 4+ OR , THEN
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S DON'T-DISTURE 3

) [COMFILE] Lo=n) ~_( Not required when in cross-comp
7 7COMF -FIND NOT ABORT" NOT FOUND"

8 10000000 AND IF @ FFB800000 AND HERE 4 + OR

o8

Q ELSE 2 OR THEN s DON'T-DISTURE 3 IMMEDIATE
10
i1 ¢ C ( => )
2 O STATE ! 3 IMMEDIATE
13 2 1 ¢ == )
14 COQOO0O0O0  STATE ! H IMMEDIATE
15 DECIMAL
SCREEN #61
O\ MVFP-FORTH SOURCE -- SMUDGE SO BLANK
i HEX CROSS-COMPILER
2 : SMUDGE ( =2
3 LATEST 3 + 20 TOGGLE 3
4
5 2 S0 ( =% )
6 SFO & 3
7 -
8 : BLANK (-2 )
9 BL FILL
10
i1 DECIMAL
i2
13
i4
i5
SCREEN #&2
0 \ MVYP-FORTH SOURCE —--= DLITERAL LITERAL
i1 HEX CROSS-COMPILER
2 : LITERAL (N->N/
3 STATE @
4 IF COMFPILE LIT 9
S HERE B8 - @ FFB00000 AND HERE OR 2 OR ,
= HERE B8 - ! DON'T-DISTURE THEN 3 IMMEDIATE
7 .
B : DLITERAL (N -> N/ )
9 STATE @
10 IF SWAP  ( CCOMPILE] ) LITERAL  ( CCOMPILE] ) LITERAL
i1 THEN 3 IMMEDIATE
12
13 DECIMAL
id4
1S
SCREEN #6735 ) :
O\ MVFP-FORTH SOURCE -- < INTERFRET:
1 HEX CROSS-COMFILER :
.2+ <INTERFRET: ( == )
s REGIN ~-FIND
4 IF DUF STATE €@ U=
S IF DUF 10000000 AND
) IF SwWAF @ OFCODE, ELSE SwWaAFr CALL, THEN
7 8000000 AND IF DON'T-DISTUREB THEN
8 ELSE 4000000 AND AEORT" FDISON WORD" EXECUTE THEN
Q ELSE HERE 4+ NUMEBER DPL @ 1+
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205 206
10 IF ( [COMFILEl ) DLITERAL
11 ELSE DROF ( [COMPILE] ) LITERAL THEN
12 THEN 7?STACK AGAIN 3
13 B’ < INTERFRET>» FORTH D@ CC { ‘'INTERPRET ! %
14 DECIMAL
1S
SCREEN #&4
0 \ MVP-FORTH SOURCE —— INTERPRET & NULL
1 HEX CROSS-COMPILER
2 : INTERFRET ( -> )
3 ‘INTERFRET @ EXECUTE 3
2 )
5 : X ¢ =3 ¢ NuLL )
) BLK @
7 IF STATE @ ?STREAM THEN
8 DR> DDROP R> DROP 3 IMMEDIATE
9
10 BE° X FORTH D& CC
11 { FFFFFFFC. AND NFA COO00000. OVER ! O SWAF 4+ ! >
12
13 DECIMAL
14
15
SCREEN #65S
O \ MVP-FORTH SOQURCE -- QUIT <ABORT>
1 HEX CROSS~-COMPILER
2+ QUIT ( =2 )
3 O BLK ! ¢ [COMFILE]Y ) L .
4 BEGIN RP! CR QUERY INTERPRET
S STATE & NOT
6 IF ." (CPU/32)0K" THEN
7 AGAIN ; ‘
8 B' QUIT FORTH D@ CC { <QUIT-ADDR> ! 2 \ Vector for <AEORT">
5 :
10 : <ABORT> ( -> )
i1 RP! SF! O SET-FLAGS DROP ( enable interrupts )
12 ( [COMFILE] » FORTH DEFINITIONS QUIT 3
13
14 B° <ABORT> FORTH D& CC { ‘ARORT ! 2
15 DECIMAL
SCREEN #4056 .
O \ MVF-FORTH SOURCE -—- ABORT
1 HEX CROSS—-COMFILER :
.2+ ABORT ( =>)
I ‘ARORT @ EXECUTE ;
4
5 : COLD ( =% )
& EMFTY-BUFFERS FAGE
7 20 SPACES ." The WISC CPU/32" CR
8 =20 SFACES ." with MVFFORTH/32" CR
Q 25 SFACES ." &/1/87" CR CR . )
10 19 SPACES ." (C) 1987 Ey: Fhil Koopman Jr." CR CR
11 0 EPRINT !
12 FIRST USE ! FIRST PREV ' O OFFSET !
13 M (CFU/32)0K"
14 DECIMAL ABORT 3
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SCREEN #67

O \ INTERRUFT SERVICE ROUTINES

1 HEX
: INTERRUFT-DECODE ( FLAG -> )
( Assume stack pointers are close to value that cause problem )

-~

4 DUP Q1000000 AND
5 SP@ 80 + OFFF AND
6

7 DUF Q2000000 ANMD
8 RPE 80 + OFFF AND Q100
9

10 DUF Q4000000 AND
i1 DUF QBCOOOOO AND
12 DUP 70000000 AND
i3 DROP 3

14 DECIMAL

15

SCREEN <.

CROSS-COMPILER

5,053,952

-1

IF CR
0100 <

208

- " DATA STACK ERROR="
IF

«" STACK EMPTY"

ELSE ." STACK FuLL"

IF CR
<

IF

THEN THEN

. " RETURN STACK ERROR="

." STACK EMPTY"
THEN THEN

ELSE ." STACK FULL" "

IF CR
IF CR
IF CR

Q2 \ INTERRUPT SERVICE ROUTINES
DECIMAL CROSS-COMPILER

[os
COONOCU L) -

- g
| S

|

1

3

s b
(400

s 1

s I

HEX
B’
cC

B’

SERVICE

NTERRUFT-8ERV
-1 SET-FL.AGS DROF
CR CR
DUF ." FLAGS=" U.

'ISERVICE @ EXECUTE

a
Q

{ ADDRESS FLAGS

THEN

->)

{ Clear & mask interrupts )

SWAP .

INTERRUFT-DECODE DECIMAL

ARORT 3

o k¥xx% INTERRUPT *%x%x%"

CR HEX

ADDRESS=" U,

ISERVICE FORTH D& DROP FFFC AND O

{0 '3

\ Vector for INTERRUPT SERVICE

Y

\ Initialize to a JUMP to INTERRUPT-SERV
INTERRUFT-SERV FORTH D& CC ¢
DECIMAL

SCREEN #5679

0

O NO-U s ) e

s e
RY = O

13
14

15

\
HEX

E

: LOAD (

* 2 THRU

MVF-FORTH SOURCE --

CROSS-COMFILER
LOAD > (N —-%)
?DUF ARORT"
BLE @ SIN @
O FIN ! BLE !
R »IN V R

NOT
R

<LOAD> FORTH D& CC
N =3 )

‘LOAD @ EXECUTE 3
N2 => )

DO I U.

( Ni
1+ SWAF

?TERMINAL AERORT"

DECIMAL

SCREEN #70

)

oA

\
HEX

: CREATE

MVF-FORTH SOURCE —-

CROSS-COMPILER
« =-> )
WORD-AL IGN
O= ABORT"

BL WORD
ATTEMFTED TO REDEFINE NULL"

«<LOAD>  LOAD

UNLOADABLE"

>R

INTERFRET
BLE

1 s
. a

{ 'LOAD. ! 3

I LOAD
BREAK..."

CREATE

DUF

44

ISERVICE ! 3

THRU

LOOF 3

ce’

. " HOST RERQUEST=" DUP FF AND .
" PARITY ERROR"
- " SOFTWARE INTERRUPT" THEN

THEN
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S DUF CONTEXT @ @& <FIND>

6 IF DDROF WARNING @

7 IF DUF COUNT TYPE SPACE ." ISN'T UNIQUE" CR
8 THEN

e THEN '

10 LATEST , ( Store LFA ) HERE CURRENT @ !

11 ce DUP 80000000 OR ,

12 ALLOT ( HERE happens to align with text of string )
13 WORD-AL IGN 22000002 ( Call DOVAR ) HERE 4 + OR ’
14 * DON'T-DISTURE H

1S DECIMAL

SCREEN #71

0 \ MVP-FORTH SOURCE -- WHERE

1 HEX CROSS-COMPILER
2 : WHERE (¢ =2 )
BLK @
IF ELK @ DUP SCR ! CR CR . SCREEN #"
DUP . >IN @ 3IFF MIN C/L /MOD DUP
." LINE #* . €/L +* ROT BLOCK +
CR CR C/L -TRAILING TYPE
*IN @ 3FF > 1 AND +
ELSE >IN @
10 THEN CR HERE 4+ @ DUP >R - HERE 4+ R@ +
11 DROP 1- GSPACES R> O
12 DO SE EMIT LOOP ;
13 B’ WHERE FORTH D& CC { <{WHERE-ADDR> ! 3 \ Vector for <ABORT">
14 DECIMAL '

QMmN >

15
SCREEN #72 :

o \ MVFP-FORTH SOURCE -- : VARIAEBLE
1 HEX CROSS-COMPILER ’

S22 s « =2 )

3 SF@ CSF ! CURRENT @ CONTEXT !
4 CREATE -4 ALLOT SMUDGE 1 ;

S

6 @ VARIABLE ( => )

7 CREATE 4 ALLOT. 3

8 .

9 DECIMAL

10

11

2

14

SCREEN #73

0\ MVF-FORTH SOURCE -- \ (

1 HEX CROSS-COMFILER

2 : ¥ ( => ) ( alias for "(" )

2 -1 >IN +! 29 WORD DUP & + 4+

4 Ce 29 = NOT 7?STREAM 3 IMMEDIATE
S

b 28. BLATEST € 4 + O { ' 3

7 . -

g s % { =->) ( alias for "\" )

Q9 ZLOADING >IN @ Cs/L 7/ 1+

10 C/L * >IN U g IMMEDIATE
11 '
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12 3C. BLATEST €@ 4 + 0O { ! )}
13

14 DECIMAL
15
SCREEN #74
0\ MVP-FORTH SOURCE -- *
1 HEX  CROSS-COMPILER
2 : * (=>ADDR )
3 -FIND NOT ABORT" NOT FOUND"
4 DKOF ¢ [COMPILE] ) LITERAL 3 IMMEDIATE
5
>
7
8
S DECIMAL
10
11
12
13
14

SCREEN #70

0 \ MVF-FORTH SOURCE --  EYE

1 HEX CROSS~-COMPILER

Z 2 BRYE ( —= )

= SAVE-EBUFFERS HALT 3

4 .

S % ¢ =% ) ( Redefine this word to be,; on board )
) ?CsP ( COMFILE EXIT ) EXIT, SMUDGE
7 ¢ [COMFILEY » L g IMMEDIATE

8 0IB. ( "3" ) ELATEST @ 4 + O { ! 3

C?
10 DECIMAL
i1
i2
13

14
19
SCREEN #76

O\ MVP-FORTH SOURCE -- LAST SCREEN LOADED
1 HEX CROSS-COMFILER

o HLATEST @ O { CONTEXT @ ! 3

I BHERE © { DF ! 3

4 \ Set up COLD vector for cold entry point at addr S
5 B° COLD FORTH D& CC { 14. !  FF80001B. 18. ! %
& DECIMAL

7

8

=3

10

i1

12

i3

14

=
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SCREEN #77 -

QONOCUDUN-O

SCREEN #78

O

VOoONU b GE) -

SCREEN #79

Q

._.
s O QVONO M iAR -

SCREEN #80

P U= O
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SCREEN #81

S OONOU B O

\ BOARD FORTH -—- CONSTANT USER IMMEDIATE
HEX .
¢ CONSTANT (N =" 7
CREATE -4 ALL"+
[ * DOCON @ - sCGiO0 AND 1 LITERAL
OFCODE, , DON’'T-DISTURE 3

USER ( N =)
CREATE =4 ALLOT
[ ' DOUSE 2 ORrR 1 LITERAL CALL,
4 = . DON'T-DISTURB 3

113

IMMEDIATE { =3
LATEST 3 + 40 TOGGLE 3
DECIMAL

SCREEN #B2

0O

e e =
M= OG0 DN0 (D W)

i3
14

15

\ EROARD FORTH --- DDES> FOISON SFECIAL

HEX

: FOISON ¢ =->)
LATEST I + 04 TOGGLE

R}

SFECIAL ¢ =2
LATEST T + 08 TOGGLE

w0

<DOES> ( =2 ) ( Compilation helper for DOES> )
K> O7FFFFC AND 2 OR LATEST PFA ! DON'T-DISTURB

DOES>  => FFA )
?CS8P COMFILE <DOES>
COMPILE R> 3 IMMEDIATE

LT

DECIMAL

SCREEN #83

OSVONDOUDLERFO

[y

\ IF..THEN

HEX

: IF { —=» PATCH-ADDR 2 2 )
HERE COMPILE OBRANCH 22

IMMEDIATE

: THEN { PATCH-ADDR OR-VALUE 2 -> )
?COMP 2 7PAIRS

HERE 3 PICK @ FFB0OOOO AND oR
OR SWAP ! DON'T-DISTURRB 3;
IMMEDIATE

@

g
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11 DECIMAL
12
13
14
15

SCREEN #84
O \ ELSE
1 HEX :

.2 = ELSE ( FATCH-ADDR!1 2 2 -» PATCH-ADDRZ 0 2 )
3 2 ?FAIRS ¢, ( Flace for JUMP instruction )
4 OFTIMIZE? @ ' .
S 1F OFT-STATUS @ 1 =
1) IF ( Redirect jump to after the THEN )

7 -4 ALLOT HERE 4- DUF @
8 FF80Q0000 AND SWAFP !
9 THEN

10 THEN

11 HERE 4-

12 -ROT 2 [COMFILE] THEN ¢ 2 H

1= IMMEDIATE
14 DECIMAL

13

SCREEN #85
© \ EBEGIN AGAIN

1 HEX
2 : EBEGIN ( =» JMP~-ADDR 1 )
3 7?COMFP  HERE 1 DON'T-DISTURB 3
4 IMMEDIATE
S
6 : AGARIN ( JMP-ADDR 1 -3> )
7 1 7PAIRS . -
8 . DON’'T-DISTURE 3
9 IMMEDIATE DECIMAL
10 :
11
12
13
14
18
SCREEN #B6
0o\ UNTIL & COUNT-DOWN
1 HEX
2 ¢ UNTIL ( JMF-ADDR 1 -3 )
3 1 ?FAIRS COMFILE OBRANCH -4 ALLOT
4 HERE @ FFB00000 AND OR 2 OR s 3
S IMMEDIATE '
6
7 \ Count-down top of stack element & exit/drop when O
8 : COUNT-DOWN ( JMP-ADDR 1 -=> )
9 1 ?PAIRS COMFILE <COUNT-DOWN> -4 ALLOT

10 HERE @ FFB00000 AND OR 2 OR y 3
11 IMMEDIATE .

13 DECIMAL
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SCREEN #87 ’ :

© N\ WHILE REFEAT

1 HEX

2 2 WHILE ( JMP-ADDR 1 ~-» JMF-ADUR 1 FATCH~-ADDR 2 I )
! [COMFILEY IF 2+ 3

4 IMMEDIATE

S

& ¢ REFEAT ( JMP-ADDR 1 FATCH-ADDR 2 3 - )
7 *R *R >R [COMPILE] AGAIN

8 R» R» R» 2- [COMFILE] THEN g3

9 IMMEDIATE

i0

11 ¢ EXIT ( =3

12 STATE @

13 IF ( compiling ) EXIT,

14 ELSE ( interpretting ) R> R> R>» DDROF DROF THEN ;
15 IMMEDIATE DECIMAL
SCREEN #88

(S IAN DO

1 HEX

2 : DO ( =% JMF-ADDR 4 )

= COMFILE <D0 HERE 4 3

4 IMMEDIATE

3

6 DECIMAL

7

8

9

10
it

iz

i3

14

13

SCREEN #89
0\ LOOP /LOOP <+LOOP

1 HEX
2 : +LOOF  ( JMP-ADDR 4 -3 ) _

3 4 TFAIRS COMFILE <+LOOF> -4 ALLOT

4 HERE @ FFBOOOOO AND OR 2 OR 4 3

5 IMMEDIATE

6

7 : LOOP ( JMF-ADDR 4 -3 )

8 4 ?PAIRS COMPILE <LOOP> =4 ALLOT

9 HERE @ FFBO0OOO AND OR 2 OR , 3

10 IMMEDIATE

11

12 ¢+ /LOOF  ( JMP-ADDR 4 -> ) .
13 [COMPILE] +LOOP ;

14 IMMEDIATE
15 DECIMAL

SCREEN #90 -

O \ EOARD FORTH -——- ARCORT"

1 HEX

.2 2 ABORT" ( FLAG -* )

= 2COMF ‘STREAM ce 22 =

4 IF 1 =IN ! 0

S ELSE 22 WORD DUF @ 4+ SWAF  WER
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) + C@ 22 = NOT 7TSTREAM COMPILE <AEORT">
7 ( Even multiple of 4 bytes ) HERE @ 3 + FFFC AND HERE !
8 ALLOT WORD-ALIGN
? THEN DON'T-DISTURE 3 IMMEDIATE
10 '
11 DECIMAL
12
13
14
15
SCREEN #91 .
O \ EOARD FORTH -——- .
1 HEX '
2 " ( =% )
3 ‘STREAM ce 22 =
4 IF 1 >IN +! O
= ELSE 22 WORD DUP €& 4+ OQOVER + C@&
6 22 = NOT 7?STREAM STATE @
7 IF @ 3+ COMPILE <."> ALLOT WORD-ALIGN
8 ELSE COUNT TYPE
<9 THEN
10 THEN DON'T-DISTURE j IMMEDIATE
11 .
12 DECIMAL
13
14
1S
SCREEN #92
O \ WORD DUMF FODOR CPU/32
1 HEX \ Dump 32-bit words
2 : WDUMP ( waddr wcount ——— )
= SWAF FFFFFFFC AND SWAP BASE @ >R HEX 4 * O
4 DO CR DUP I + DUF O &6 D.R 2 SPACES DUP
S 100 DODUP I + @ O 9 D.R 4 /1L.00F
) DROFP I SPACES 10 0
7 DO DUP 1 + C& DUP 20 < OVER 7E > OR
8 IF DROP 2E THEN EMIT
Q LOOF DROP
10 ?TERMINAL IF LEAVE THEN 10
11 /L00P DROF CR R> BASE ! 3
12
13 DECIMAL
14
15
SCREEN #93 .
Q \ DUMF FOR CFU/3ZZ2
1 HEX
.2 : DUMF { addr count —--- )
z BASE & >R HEX 0
4 DO CR DUF I + DUF O 6 D.R 2 SFACES DUF 8 0,
S DO DUFP I + C@ % .R LOOF
& DROF SFACE DUF 8 + 8 0
7 DO DUF I + C& I .R LOOP
8 DROF 3 SFACES 10 ©
Q DO DUF I + C& DUF 20 < OVER 7E > OR
10 IF DROF 2E THEN - EMIT
11 LOOF DROF
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12 ?TERMINAL IF LEAVE THEN 10
13 /LDOF DROFP CR R> BASE ! 3

14

15 DECIMAL
SCREEN #94

O \ VOCARULARY -- fig

1 HEX

2 : VOCARULARY

3 CREATE

4 CURRENT @ 4+

= 80000001

b BL ,

7 HERE VOC-LINK @ , VOC-LINK !

8 DOES> CONTEXT ' 3

9 DECIMAL

10 ‘

i1 * FORTH 16 + VOC-LINK !
i2
i4

15
SCREEN #935

O \ FORGET

i DECIMAL

2 : FORGET BL. WORD CURRENT @ @ <FIND> O=
3 ABORT" Not in current vocabulary.”

4 DROF NFA DUP FENCE @ U< ABEORT" In protected dictionary."
S >R RE CONTEXT @ W<

b IF [COMFILE] FORTH THEN

7 R@ CURRENT @ U<

8 IF [COMFILE] FORTH DEFINITIONS THEN

Q VOC-LINK @
10 BEGIN R& OVER U< WHILE @ REFEAT
i1 DUP VOC-LINK !

12 BEGIN DUFP 8 -
13 BEGIN 4- @ DUP R&@ U< UNTIL

14 OVER 12 - ! @ 7DUP 0=
iS5 UNTIL R> DF ! 3 ' FORGET NFA FENCE !
SCREEN #96

O \ TEXT FF CORY

1 HEX

-2 ¢ TEXT (ec -

et HERE C/L 8 + BLANEK WORD EL OVER

4 DUFr & + 4+ C! PAD C/L 4+ CMOVE 3
wJt

6 : FF (n —-% <text> )

7 DUF FFFFFFFO AND

8 ABORT" Off screen."

9 O TEXT FAD 4+ SWAP

10 SCR @ <LINE> CMOVE UFDATE 3

CoPY
i3 SWAF BLOCK 4- ! UFDATE g
14 DECIMAL

S
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SCREEN #97
O \ DOUBLE PRECISION MATH ---— DU< D- DO= D>
HEX .
¢ DU< ( udi ud2 -» flag ) ( MVP~FORTH UTILITY )
D>R 80000000 + DR> 80000000 + D{

VONOCU UL

D- ( dil d2 -> d3 ) ( MVP-FORTH UTILITY )
DNEGATE D+ 3
: DO= ( di -> flag)
Ok 0= ;
10
11 : D> ( dil d2 -> flag ) ( MVP-FORTH UTILITY )

12 DSWAP D<
13 DECIMAL

14

15
SCREEN #98

O \ DOUBLE FRECISION MATH —--— D, DCONSTANT DOMAX DMIN
1 DECIMAL

2 : D, ¢d-=>)

3 SWAP 4, 4 &

4 .

5 : DCONSTANT (d~->) ( compiling )
& ( =>d) ( executing )
7 CREATE D,

8 DOES> D@ ;

4

DMAX ( di d2 -> d3 ) ( MVP-FORTH UTILITY )
11 DOVER DOVER D< 1IF DSWAP THEN DDROP 3

-
(o}

3 DMIN { d1 d2 -> d3 ) ( MVP-FORTH UTILITY )
14 DOVER DOVER D< NOT IF DSWAP " THEN DDROP 3

(WY
v
(1]

SCREEN #9299
O \ FAUSE
1 DECIMAL
: FAUSE PTERMINAL
IF 100000 O DO LOOF
BEGIN PTERMINAL UNTIL
170000 O DO LOOF
THEN 3;

GO~ pidR)

SCREEN #100
O \ DVARIARLE ID. INDEX
1 DECIMAL
: DVARIAELE (-2 . ( compiling )
{ ~» addr )} ( executing ?
CREATE 8 ALLOT 3

~
<
-
-
4
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=]
6 ID. COUNT 255 AND OVER <+ SWAP

7 DO 1 C@ 127 AND EMIT LOOFP 32 EMIT 3
8

9

INDEX ( First Last ->)

10 1+ SwWAP

11 DO CR 1 4 .R 2 SFACES 1 BLOCK 64 -TRAILING TYPE
12 PAUSE ?TERMINAL IF LEAVE THEN

13 LOCP CR 3

14

SCREEN #1014

0 \ BOARD FORTH -—-- VLIST

i HEX

s v IGT =3 )

N /L OoUT ! CONTEXT & @

7 & BIN CsL QUT @ -— O0OVER C& O3F AND 4 + <
S IF CR O ouTt ! THEN

=) DUP ID. SPACE SFACE 4- @ DUP
7 Q= FAUSE ?TERMINAL OR

8 UNTIL DROF g .

9

io

11 DECIMAL

12

i3

14

i5
SCREEN #102

O N .S

1 VARIABRLE .58
2 s .8L 1 .85 ! 3

4 ¢ B8R O .85 ! 3

S

6 .BR

5

8 : .S DEPTH

? IF

10 .86 @ IF 1 DEPTH 1+ 2 ELSE -1 2 DEPTH 1- THEN
it DO I FPICK U. DUF +LOOF DROP

2 ELSE ." Empty Stack. "

13 THEN CR 3

SCREEN #103

O\ 'S -TEXT 2! 2@ 2CONSTANT 2DROFP 2DUF
DECIMAL
: ‘S SP@ 3

: ~TEXT DDUF + SWAF DO DROF 1+ DUP 1- C& I C& -~ DUF
IF DUP AES / LEAVE THEN LOOF SWAF DROP j

! D'.s
@ D@ 3
Z2CONSTANT DCONS AN 3

- s

(oo JRN VI 1 NN s S S /% I U Bl od
0 ou
[N

2DROFP DDROF 3



12
13
14

15

2DUP

SCREEN #104

10
11
12
13
14

15

SONOCUBUNFO

229
DDUPF 3
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MULTIPROGRAMMED SYSTEMS ONLY.

\ 20VER 2SWAF 2VARIABLE >BINARY
DECIMAL

: 20VER DOVER H

: 2SWAP DSWAP :

: 2VARIAELE DVARIABLE ;

: >RINARY CONVERT ;

: >TYPE .* >TYPE USED IN
IMMEDIATE .

SCREEM #1035

O

[ ORDR S 5 B

0N o

(s P el
SR I O B

(=
o

\\

ERASE

DECIMAL

ERASE

FLUSH

SCREEN #106

O

SONOP R

10
11
12
13
14

15

SCREEN 107

o

1

FLUSH H OCTAL U.R

O_FILL
SAVE-BRUFFERS
DF

B8 BRASE !

O SWAP D.R

*COomMF

aw

.
:

€1

[COMFILED]

230

>TYPE

IMMEDIATE

’
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SCREEN #108

Q

[ I SR e

00N o U2

SCREEN #109

Q
i

-
== OO RN

[
i

[y
2

i4

15

SCREEN #110

O~ DR O

( internal use only variables and holding pléces )
DECIMAL '
VARIAEBLE TEMF-ADDR ( temporary address storage )

VARIABLE TSUML 146 ALLOT ( division temp storage - guotient )
TSUML 8 + CONSTANT TSUMH ( division temp storage - remainder )

VARIABLE TSUM@ 8 ALLOT ( quad precision temp storage )
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9 VARIAEBLE TEMF-CARRY ( temporary carry storage )

10 VARIAELE SIGDIG { number significant digits )

11 7 SIGDIG ! .

12 VARIABLE TERM 4 ALLOT ( temp storage for transcendentals )
13 VARIABLE FTERM 4 ALLOT ( temp storage for transcendentals )
14 VARIABLE <?MODE> ( numeric input mode )

15

SCREEN #111 :

( shift/rotate operations LSL ASR LSR )

HEX ( may be replaced with CODE definitions )
N 2/ 2 /%

o

: LSL { nl -> n2)

2% H

ASR  ( nl =% n2)
FFFFFFFE AND 2/ 3

eI BEN T S I SR 8 I
P '

10NV & LSK (nl =>n2)
11\ ASR 7FFFFFFF AND 3

13 DECIMAL

SCREEN #112
O ( 8GN U> )

1 DECIMAL

2 ¢ S6N {(n ->» signum.of.n )
3 DUFP IF O0< IF ~1 ELSE 1 THEN THEN i
4

S : U> { unl un2 -* flag )
& SWAP U< 3 -
7

8

q

10

11

12

13

14

[
o«

SCREEN #113

0 ( RRC RLC ADC )

1 HEX ( may be replaced with CODE definitiohs )
2 \ : RRC ({ nl carry.in =» n2 carry.out )
3N SWAF DUFP LSR KOT

4 \ IF 8000 OR THEN SWAP 1 AND 3

S

6 \ : RLC ( nl carry.in -> n2 carry.out )

7 \ SWAFr DUP LSL ROT

g8\ IF 1 OR THEN SWAFP 0< 3

9 .

10 \ : ADC ( n1 n2 carry.in -> n3 carry.out )
11\ > OROT O D+ R>IF 1 O D+ THEN ;

12

13 DECIMAL

[
»

(S
w



SCREEN #114

(9]

OO~ g Gy -

10

it

12
1z
14

13

{ single precicsion multiple rotates

DECIMAL

s

PR

ASRN (
DUF O

: LSRN
DUF O3>

LSLN
DUF

ap

Q>
E

SCREEN #is.

(4]

D ONO B Gy -

¢

con —rei

DEC.HAL

\
\

\
\

oo

\
\

: S -0
S->D

s D=0
S=->D

D->8 (
DROF

Q->8
DDROP

@->D
DDROF

oo

SCREEN #1146

VOND>WBH WO

{ double stack

DECIMAL
\ : DOVER
\ 4 _FICK
\ : DSWAF
\ 4 ROLL
\ : DROT

\ & ROL

SCREEN #117

G

1
2
<
-

( double precision stack ops

DECIMAL

\
N\

: DR
R> SW

5,053,952

235

nl count -> n2 )

IF O DO ASR LOOF
ELSE DROF THEN g

( Nl count -> n2 )

IF © DO LSR LOOF

ELSE DROF THEN g

( nl count -> n2 )

1iF O DO LSL LOOP
LSE DROF THEN g
ons

(n —->q)
DUF DUF 3

td->qg)
DUF 3

d ->n )

{'q->n)

DROF 3
{ q ->d)

9

ops

236

ASRN  LBRN LSLN )

s->@ D->Q D->8 0->*8 @->D )

DOVER DSWAP DROT )

{ may be replaced with CODE de%iﬁftions }
( di d2 -%» d1 d2 di )

4_FICK

( di d2 ->» d2 di )
4 ROLL 3

( di d2 d3 -> d2 d3 di
L & ROLL g

{ MVP-FORTH UTILITY )

( MVP-FORTH UTILITY )

)

be DR DR

{ MYP-FORTH UTILITY )

DRE& )

( may be replaced with CODE definitions )

(d -=)

AP R SWAR R PR 3
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A)]
~ 7
o
i
1

.
o
pA
®w

-

i
N
a

SCREEN #118

0 ( double precision stack ops DFICK DROLL D7)
1 HEX

2 : DFRICK ( dif .. dn count -> dl .. dn dm )

3 DUF 1 < ABRORT" DFICK ARGUMENT < 1"

4 2% DUP 1+ FICK SWAF PICK 3

S

.6 : DROLL ( d1 .. dn count =-> dl ..<omit dm>.. dn dm )
7 DUF 1 < ARORT" DROLL ARGUMENT < 1"

8 2% DUFP 1+ ROLL SWAP ROLL 3

9

10 : D7? ( addr =% )

11 D& D.

12

13 DECIMAL

14

15

SCREEN #119 -

5 EXIT ( D, DCONSTANT DVARIAELE )
DECIMAL

: D, (d =)

SWAP , 4 3

DCONSTANT

SONOTWM DN O

(d == { compiling )
( =>d) ( executing )
CREATE D,
DOES> D@ ;
10 :+ DVARIAELE ( => ( compiling )
11 ( => addr ) ( executing ) ,
12 CREATE 8 ALLOT ; »
13
14
15

SCREEM #1220
O ( D— D+! )
DECIMAL
\ « D- ( dl d2 =-» d3% ) { MVP-FORTH UTILITY )

\ DNEGATE D+ 3

D+! ( di addr —& )
puFr R D& D+ R D! &

RN RN B L SN O o

L
e
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FES

0

SCREEN #1221

O ¢ double precision rotates/add DADC DRRC DRLC )
HEX

: DADC ( dl d2 carry.in —-% d3 carry.out )

sSWAP  *R  ROT >R

ADC DR ROT ADC 3

DRRC ( di carry.in -» d2 carry.out )
RRC SWAP >R RRC R> SWAP 3

DRLC ( dil carry.in —-> d2 carry.out }
swAaF *R RLC R> SWAF RLC 3

O 00N o UGN e

o
~~
[

11

12 DECIMAL

i3

14

15
SCREEN #12

0 « double precision shifts DASR DLSR DLSL )
1 HEX

2 : DASR ( di -» d2 )

I SWAP LSR  OVER 1 AND
4 IF BoOOOCGOD OR ' THEN SWAF ASR 3
5 4

& \ : DLSR ( di -> d2 )
7\ DASR 7FFF AND 3
8

2 \ =z DLSL ( DI =-> D2 )
10\ DDUF D+ 3

i1

12 DECIMAL

i3

14

15

SCREEN #1273
( double precision multiple shifts DASRN DLSRN DLSLN )

Q

1 DECIMAL
-2 2 DASRN (dln =>d2)

= DUF G IF O DO DASR LOOF
4 ELSE DROF THEN 3 .
S

6 2 DLSRN (dlin —-» d2

7 DUF O» IF O DO DLSR LOOF
8 ELSE DROP THEN- 3

9

10 : DLSLN (din ->d2) .
11 DUF 0> 1IF 0 DO DLSL LOoP
12 ELSE DROP THEN 3

13 .

14

15

SCRTIN #124
O ( DOR DAND DXOR YTESWAP )
1 DECIMAL
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2 : DOR ( dil d2 - d3 )
3 SR SBSWAP *R OR DR> OR 3
4
S : DAND ( d1 d2 -> d3 )
& SR SWAF >R AND DR> AND ;
7
8 : DXOR ( di d2 -> d3 )
9 >R SWAF >R XOR DR> XOR 3
10 :

11 \ : BYTESWAP ( n1 -> n2)
12\ DUP 8 DLSRN DROP
13

14

15

SCREEN #125
O \ double precision comparisons D0O< DO> DOas D> D=

1 DECIMAL »

2 1 DOK ( dl =% flag )

3 SWAF_DROP 0L 3

4

S5 : DO ( di -> flag )

) DNEGATE DO<

7

8 \ : DO= ( d1 -> flag )

9\ OR 0= ; :

10

11 \ : D> ( di d2 -> flag ) { MVP-FORTH UTILITY )
12\ DSWAPFP DX 3 N
13

14 \ : D= ( dil d2 -> flag ) ( MVP-FORTH UTILITY )
15 \ D~ DO= j

SCREEN #126
O ¢ DMAX DMIN DU{ DUZ )
HEX .
\ : DMAX ( dl d2 - d3 ) ¢ MVF-FORTH UTILITY )
\ DOVER DOVER D+« IF DSWAP THEN DDROF ;|

\ DMIN ( di d2 -> d3 ) ¢ MVFP-FORTH UTILITY )
\ DOVER DOVER D< NOT IF DSWAP THEN DDROP ;

\ : DU { udl ud2 -> flag ) ( MVP-FORTH UTILITY )
\ D>R 80000000 + DR> 80000000 + D< 3

OO0 bl by

-
[
-

DU ¢ udl ud2 -> flag )
12 DSWAF DU« 3

14 DECIMAL

SCREEN #127

0 ( quad precision stack ops QQDROP QDUP QOVER GSWAFP BROT
DECIMAL ({ may be replaced with CODE definitions )

: QDROF {q->) .

DDROF DDROP 3

@DUF (gl -> gl q1 )
DOVER DOVER 3 . -

WNOC M b R

QOVER (ql g2 -> gl g2 q1-)
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9 4 DFPICK 4 DPICK 3
10
i1 : QSWAP ( gl g2 =-> g2 gl )
12 4 DROLL 4 DROLL g
13
14 : @ROT { ql g2 g3 -> g2 g3 gi )

15 é DROLL & DROLL 3

SCREEN #128

0 ( guad precision store and fetch Q! Q& )

DECIMAL { may be replaced with CODE definitions )

\ Bytes stored in low to high order, offset 0 = tirst byte
: Q! ( g addr -2> )

pupPp >R 8 + D! R> D! g

Qe ( addr -> g )
DUF D& ROT 8 .

VONOU D -

10
i1
12
13
14

i3

SCREEN #129 , - :
( guad return stack operations @XR BR> QRE& )

(g

1 DECIMAL ( may be replaced with CODE definitions )
2 PR (g -
z R> TEMF-ADDR ! D>*R D*R TEMP-ADDR & R 3
4 ,
S5 @ CGR>» t -2 g
) R> TEMF-ADDR ! DR* DR> TEMP-ADDR @ >R
5
8 : GRE& ( —-> @)
9 R> TEMP-ADDR ! DR»> DR>
10 GDUFP DR D>R TEMP-ADDR @ >R 3
11
13
14
15

SCREEN #1T0
( quad logical ops GOR @AND GQXOR )

0
1 DECIMAL

2 2 GO0k ( gl g2 -> g3)

3 D>*R DSWAF DR DOR DR> DR>» DOR 3
4

5 : GAND ( qi g2 -> g3 ) ' .
& D>k DSWAP  D>R DAND DR> DR> DAND 3
- .

B : QXOR ( ql g2 -> q3 )

9 D>R DSWAP D>R DXOR DR> DR> DXOR 3
10 :

11

12

13

14
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SCREEN #131 . -

0 ( QADC ) .

i DECIMAL ( may be replaced with CODE definitions )
2 : BQADC ( q1 g2 carry.in -> Q3 carry.out )

3 TEMF-CARRY ! D>»R DSWAP D>R TEMP-CARRY @ DADC
4 DR> DR» S ROLL DADC

5

b

7

8

-]

10

11
12

13

14

i8S

SCREEN #13Z2

O ( G+ QONEGATE @G- DM+ )
1 DECIMAL
-2 G+ ( gl g2 -»* gsum )

3 © GADC DROF 3

4

S : QNEGATE ( gl -» -ql )
5 -1. -1. G@XOR 1. 0. Q@+ H
7 .

8 : G- ( Q1 g2 =% Q3 )

Q GNEGATE G+ - 3

10

11 \ : DM+ ( gl d2 -» g3 )
12\ D->0 O+ 3 :

13

14

SCREEN #1333

( @+! Q+- BGARS )
DECIMAL

: O+! ( g addr => )

DUP »R 0@ B+ R> Q! 3

Q+- ¢ q1 n2 -> g3 )
O<  IF QNEGATE THEN 3

QAES ( ql -> g2 )
DUP Q@+~ 3

VONCOLUHR~ O
Ll

SCREEN #134

( @GASR QLSRR QLSL )

HEX

: OASKR (. qt -» Q2 )
DSWAF DLSR 4_FICK 1 AND :
IF 80000000 OR THEN DSWAF DASR 3

HUP) - O
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3

6 QLSR { gt -> g2
7 QASR 7FFFFFFF AND 3
8

9

6o

gLsL  ( ql -> g2 )
10 QDUP O+ 3

12 DECIMAL

SCREEN #1335
O EXIT ( @ASRN QLSRN GLSLN )

1 DECIMAL

= 3 GASRN ( gl n2 -> g3 )

3 DUF 0> IF ¢ DO ©ASR LOOF
4 ELSE DROP THEN

S

& 3 OLSRN ( qt n2 -» g3 )

7 DUF 0> IF ¢ DO OLSR LOOP
8 ELSE DROFP THEN 3

9

10 : BLSLN ( gl n2 => q3)

11 DUP 03> IF O DO @LSL LOOF
12 ELSE DROP THEN 3

1= '

14

15

SCREEN #1346

0 ( basic double multiplication DUx )

1 DECIMAL ( may be replaced with CODE definitions )
2 : DU= { ud!l ud2 -> ug3l )

= ( adds 4 partial products to get result )

4 OVER & PICK Ux D>R SWAFP 3 FICK Ux DR

S ROT OVER Ux D>R Ux O © DSWAF

b6 O DR» © Q@+ O DR> 0@+ DR> © 0 Q@+ 3

-

8

9
10
11
12
13
i4

13

SCREEN #137 ‘

0 ( double precision multiplication D DM )
1 DECIMAL -
s D% ( di d2 -> d3 )

DU* DDROF 3

: DM*¥ ¢ dl d2 -» g3 )
DUF 4_FICK XOR >R ,
DAES DSWAF DAES DUx R> @+— 3

GO MO & U

ot
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11
12
13
14
15

SCREEN #138
O {( double precision unsigned division DU/MOD )
HEX ( may be replaced with CODE definitions )
: DuU/MOD ( ugl wudZ -% udZ udéd )
>R R TSUML @! R> R»
DDUF DNEGATE TSUMH D+! 41 R
BEGIN TSUMH 4+ @ O< R> 1- DUF >R
WHILE TSUML @& @QLSL TSUML @!
IF DDUF
ELSE DDUF DNEGATE 1 TSUML +! THEN
TSUMH D+! REFEAT
10 R> DROF
11 TSUML D& 3I_PICK NOT DRLC DROF ROT
12 IF DSWAF TSUMH D@ D+
13 ELSE DsSwWwarP DDROF TSUMH D& THEN DSWAF
14
1S DECIMAL

OVONOU R~

SCREEN #139
O ( double precision mixed division. DM/MOD DM/ D/MOD D+/MOD )
DECIMAL
: DM/MOGD ( ugl ud2 ->» ud3 uqgéd )
DR © O DR@ DU/MOD DR> DSWAF D>R DU/MOD DR>

DM/ ( g1 d2 -> d3 d4 )
3_FICK >R D>R Q@QAES R> R& DAEBS DU/MOD
R> R@ XOR D+- DSWAFP R> D+- DSWAF ;

Rl RN R R B B

D/MCOD ( di d2 -2 d3 d4 )
10 D*»R S->D S->D DR> DM/

-
J
(1]

D*/MOD  ( dl d2 d3 -» d4 d5 )
13 D>R DM* DR> DM/ ;

SCREEN #140

O ( D/ D%/ DMOD )
DECIMAL

: D/ ( di d2 -> d3 )
D/MDOD DSWAP DDROP

D*/ { d1 d2 d3 > d4 )
D%/MOD DSWAF DDROF 3

DMOD ( di d2 -> d3 )
D/MOD DDROF

VOND DGR -
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SCREENM #141

) ( DINF# DMODE 7?MODE )

DECIMAL

s DINF# ( => D ( "state-smart" word )
BL WORD <NUMEBER:>

[COMFILE] DLITERAL 3 IMMEDIATE

[l

DMODE ( =2 )

COoNO U B idr) -

O <?MODE> !
<NUMEBER> CFA "NUMBRER !
<INTERPRET> CFA 'INTERFRET !
10 R> DROP INTERPRET 3 IMMEDIATE

12 : ?MODE  ( -> flag=0,1,2 )
12 <TMODE» @ ;
14 DMODE

SCREEN #142
Q

R
BN O OONN0 WM M -

[N
&)

SCREEN #143
0 EXIT \ Note: 32-bit floating point number is 1 stack element!’!
1 \ And temporary numbers are d-nums!'!!

SONo U »UN

SCREEM #144

O EXIT \ floating point retwn stack operations F>*R FR> FRE )
1 DECIMAL ( may be replaced with CODE definitions )

2 ¢ FrR ( 1 =% ). )

et R> SWAF R SWAF >R R

4 '

]

: FR> ¢ —» £1)
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R> R» R» ROT &R

&
7
B : FR&@ ( => f1 )
9 1°J ;

10

11

12

13

14

15

SCREEN #145
0 EXIT ( floating aliases -— NOT NEEDED -- 32 RITS=SINGLE PREC )

1 DECIMAL

2 : Fe @ 3

3 : F! L

4 : FDROF DROF

S : FDUP DUP 3

& : FSWaF SWAF

7 : FOVER OVER i

8 : FROT ROT 3

9 : FPICK PICK

10 : FROLL ROLL 3

11 : FCONSTANT CONSTANT 3

12 : FVARIAELE VARIABLE 3

13 + FLITERAL [COMPILE] LITERAL 3 IMMEDIATE
14 : F, s 3

15
SCREEN #146 - \

0 ( FAERS FO= and temporary absolute values & zero test )
HEX »
: FAERS C f1 => §2 )

7FFFFFFF AND

FO= ( £1 -> flag )
FARS 0= ;

LR E Y e

"TABS  ( t1 -> t2 )
. _

>R FABS R>
10 i
i1 + TO= ¢ t1 -> t1 flag )
12 ( Note: does NOT remove tl from stack t!!! )
13 >R DUP FO= R> SWAP 3
14

15 DECIMAL

SCREEN #147
O ( various T operations )

1 HEX
"2 \ : TDROF {1 =% )

3N DDROF 3

4 .
5 ¢ CHEO ( t1 =->» 2 ) ( forces clean zero )
& To= IF DDROP O O THEN 3

7

8 : TNEGATE ( t1 ~> t2 )

Q R 80000000 XOR R> CHKO

10

11 2 T+- ( tt n2 -> t3))
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12 0< IF TNEBATE THEN 3
13
14 DECIMAL

15

SCREEN #148
o EXIT ¢ TSWAF TOVER TDUP T& T! )

~

1 DECIMAL { may be replaced with CODE definitions )
2 2 TSWAF ¢ 1 t2 -> £2 €1 )

3 DSWAP 3

4

S : TOVER ¢ £l €2 -> 1 €2 1)
& DOVER 3

7

8 : TDUF ( €1 -2 €1 1)

<9 DDUP 3

io - )

11 : T@ ( addr -> t1 )

12 D@ 3

i3

i4 ¢ T! ( €1 addr -2> )

15 DY 3

SCREEN #149

0 ( floating point to temporary conversion )

1 HEX ( may be replaced with CODE definitiofs )
2 3 F->T ( f1 -2 2

3 DUP FO=

4 IF DROF O OQ :

S ELSE DUFP 7FBO0O0O0O AND 17 LSRN 7F - >R DUP >R
) 7FFFFF AND 800000 OR 7 LSLN R> R>

7 SWAP T+- THEN 3

8

9 DECIMAL

10

11

12

i3

14

15

SCREEN #150

O \ 3Z~bit normalization of manticssa

1 HEX ( .may be replaced with CODE definitions )
-2 2 UTNORMALIZE ¢ utl —> ut2 )

K OVER IF < UNORM: ELSE DROF O THEN 3

4 \ >R DUF 0« .
S N IF ( shift right ) LSR R> 1+

&\ ELSE  DUF 0=

7\ IF {( zero ) R>» DROP O

8 \ ELSE ( shift left ) ]

2\ \ BREGIN DUF 40000000 AND NOT

i0 \ \ WHILE LSL R> i- >R REPEAT

i1\ \ R

12\ THEN

13 \ THEN 3

14

15 DECIMAL
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SCREEN #1051
0 ( temporary to ¥loat1ng point conversion )
1 HEX ( may be replaced with CODE definitions )

2 T=->F ( t1 -» £2 )

3 CHKO OVER ( sign ) >R 7F + ( exponent ) >R FABS
4 DUF 0= .
S IF R> R> DDROF

é ELSE ( round ) 40 + R> UTNORMALIZE
7 17 LSLN 7F800000 AND

8 SWAP 7 LSRN 7FFFFF AND OR

Q R> 80000000 AND OR THEN 3

10 :

11 DECIMAL

12

13

14

15

SCREEN #152
0 ( floating to temp conversions and quad normalize )
HEX -
: SEFARATEZ2: ( £1 £2 —-> t1 t2)
>R F=>T R> F=3T 3

UDNORMALIZE ( udl n2 => ud3 n4d )
>R DDUP DO= IF R> DROF O ELSE R> <UDNORM> THEN ;

OV ONOC W UM

\ >R DUP 0
\ IF DLSR K> 1+
\ ELSE DDUP .DO=
10 \ IF ( zero ) R> DROP O
11\ ELSE ( shift left ) )
12\ BEGIN DUP 40000000 AND NOT b
13\ WHILE DLSL R> 1- >R REPEAT R> THEN THEN ;3
14 \ K> <UDNORM> THEN 3
15 DECIMAL
SCREEN #1955
O« temporary floating point addition )
1 DECIMAL ( may be replaced with CODE definitions )
T2 T+ C &1 t2 -> 32 )
3 TOo= IF DDROF :
4 ELSE DSWAF TO= .
S IF DDROF
& ELSE ROT DDUF >
7 IF D>R SWAF DR> ELSE SWAF THEN
8 OVER »R 4_PICK DUP >R 4_PICK XOR 0O< >R
? 4 ROLL FARS 4 ROLL FABS DSWAP - 32 MIN LSRN
10 DUF 0= IF R> DROP O >R THEN R>
11 IF R> 0O< IF SWAF THEN
2 NEGATE © ADC NOT >R ABS R>
1= ELSE + R> 0< THEN
14 R> SWAP >R UTNORMALIZE R> IF TNEGATE THEN

13 THEN THEN CHKO 3

SCREEN #154
( temporary floating point multiplication )
HEX { may be replaced with CODE definitions )
t T ¢ t1 2 ~-> t3)
ROT + O0OVER 4_PICK XGOR D‘R
FAES SWAP FAES Ux R> 2+ UDNORMALIZE

HUAMN-O
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=] TO= NOT IF
b6 SR ( round ) B0000000 O D+ R> UDNORMALIZE THEN
7 ~R SWAP_DROFP  DR>  T+- CHKO 3 :
8

9 DECIMAL

10

i1

12

14

i5
SCREEN #1535 \
0 ( temporary floating point division ) \
1 HEX ( may be replaced with CODE definitions )
23 T/ ¢ t1 2 -% t3 )

3 { check for divide by zero ) TO=

4 IF DSWAF DDROFP ( result is zere )

S ELSE ROT SWAP - OVER 4_FICK XOR >R >R
6 FARS SWAF FABS O© SWAP DLSR ROT

7 U/MOD SWAP_DROP

8 R> 1- UTNORMALIZE R> T+— THEN CHKO 3
9

10 DECIMAL

i1

i2 A
i3

14

15

SCREEN #1356
O ( F+ F=« F/ F2/ Fzx )

1 DECIMAL

-2 3 F+ ( f1 2 - $3 )
= SEFARATEZ T+ T-3F H
;]

S = F=x ( F1 £2 => $3 )
& SEFARATER T* T-2F 3
7

8 s F/ ( f1 §2 =% £33 )
e SEFARATEZ T/ T-xF 3
10

11 ¢ F2/ (1 - $2)

2 F-3T 1- T-»F 3

Fae  CF1 =% £2)
15 F=3T 1+ T-3F 3

-
D

SCREEN #1357
O ( FNEGATE F- F+! )

HEX
: FNEGATE t 1 -> £2)
DUFP IF BOO0OOOQO XDR THEN 3
DECIMAL
s T- ( t1 2 -> t3)

TNEGATE T+ 3

)

(A

F—  ( §1 2 -> 4
FNEGATE F+ 3

CO NO WU bRy

[es
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11 = F+! ¢ £1 addr -> )
12 DUF >R @ F+ R> ' 3
13
14 : T+! ( t1 addr -> )
15 DUF >R D& T+ R> D! ;
SCREEN #158 \
0 ( conversions D->F ) R

HEX ( may be replaced with CODE definitions )

t N=->T ( n1l =5 t2) ( floats the integer value )

DUP >R AES O1E UTNORMALIZE R» T+- CHKO ;
N-3F  ( nl => §2 )
N->T T-3F 3

T->N  ( t1 => n2 )

CHKO O1E - DUP ABRS OIE >
10 IF DDROP O

11 ELSE DUP 0>

0NN D IR -

12 IF LSLN .
13 ELSE OVER D>R 7FFFFFFF AND R> ABS LSRN
14 R> +~ THEN THEN 3
15 DECIMAL
SCREEN #1859 .
O ( conversions F-:N R
1 DECIMAL
2 2 F=3N ( f1 == d2 )
s F~=>T T-*N. 3
4 )
S
)
7
8
9
10
11
12
13
14
15

SCREEN #1460
¢ \ floating comparisons FO< FO» F= F< F>» )

1 DECIMAL

2 FO< o< 3

4 : FO>» OF 3

S

6 F= = H

7

8 ¢ F< ( f1 £2 -> +lag )
9 F—- FO< 3

10 :

11 : F> ( §1 £2 ->» flag )
12 SWAP F< 3

13

14

15
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SCREEN #1614

0 ( FMIN FMAX F+- FSGN )

1 DECIMAL

2 : FMIN ( 1 2 => £3 )

3 OVER OVER F»> IF SWAF THEN DROP
4 -

5 : FMAX ( £1 $2 => 3 :

& OVER OVER F<¢ 1IF SWAP THEN DROP
7

B : F+- ( 1 n2 =-> £3)

9 O< 1IF FNEGATE THEN g

10

11 ¢z FSGN ( £1 => n2 )
12 8GN 3

13
14

SCREEN #1582

0 ( floating point input <FNUMBER> )
HEX ,
¢ <FNUMERER> ( addri -> 2 )

£ Gl pY e

FCONVERT DU~ Ce& EL >

°
9

3

Q
1 HEX
.2 5 INT  C £1 =» 2 )
= F-»T DU OLiF < IF T-*N N=>T THEN T-5F
4
S : TFRAC (1 -> £2 )
& DUF OIF < IF DDUF T-3N M->T T-
7 ELSE DDROP © O THEN 3
8
2@ : FRAC ( §1 =% £2 )
iQ F->T TFRAC T->F 3
11
12 ¢ REM ( F1 £2 -» £3
13 OVER OVER F/ INT F% F- 3
14
15 DECIMAL
SCREEN #1673
O ( floating point input FCONVERT )
1 DECIMAL
2 : FCONVERT ( £1 addr2 -> £3 addr4 )
= >R F=>T BASE @ N->T DSWAP R>
4 REGIN 1+ DUP >R C@ RASE @ DIGIT
S WHILE >R DOVER T# R> N->T T+ DFL @ 1+
6 IF 1 DFL +! THEN R>
7 REFEAT DSWAF DDROP T->F R> 3
8
9
10
11
i2
13
i4
i35
SCREEN #1664 \

\

>

I+ O SWAP DUF 1+ C& 2D = DUP >R ABS +

264

( integer % fractional portion INT FRAC REM )

o
k]

]

T

DPL.
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IF DUP C& 2E = NOT ABORT" NOT RECOGNIZED"
O DFL ! FCONVERT DUP C@ BL > ABORT" NOT RECOGNIZED"
THEN DROP R>
IF FNEGATE THEN F=>T DPL @
BEGIN DUP 0>
10 WHILE >R BASE @ N->T T/ R> 1-
11 REFEAT DROP T->F 3 :
12 )
13 DECIMAL '
14

15

ooNow

SCREEN #165

O \  <FINTERFRET: - FLOATING POINT VERSION OF <INTERPRETX
1 HEX ' '

2 ¢ <FINTERFRET: ( =>

3 BEGIN ~FIND

4 IF DUP STATE @ U< '

S IF DUF 10000000 AND

1) IF SWAP @ OFCODE, ELSE SWAF CALL, THEN

7 8000000 AND IF DON'T-DISTURB THEN

8 ELSE 4000000 AND AEBORT" FPOISON WORD" EXECUTE THEN
S ELSE HERE 4+ NUMBER DPL @ 1+

10 IF [COMPILEY LITERAL

11 : ELSE F-:N [COMPILE] LITERAL THEN

12 THEN 7?S8TACHK AGAIN 3

13

14 DECIMAL

13

SCREEN #1646
O \ FMODE FINP# )

1 DECIMAL
2 : FMODE ¢ == )
z 2 <?MODE> !
4 ' <FNUMRER> CFA ‘NUMBER !
S * LFINTERPRET> CFA ‘INTERFRET !
& R> DROP INTERERET H IMMEDIATE
7 . - -
8 : FINP# {( => £ ( "state-smart”" word )
9 BL WORD <FNUMBER>
10 [COMPILE] LITERAL 3 IMMEDIATE
i1
12
13
14
15

SCREEN #167

0 ( floating point input TCONVERT )

1 DECIMAL

2 : TCONVERT ( t1 addr2 -> t3 addr4 )

>R BASE @ N-:=T DSWAF R>

BEEGIN 1+ DUF >R Ce BASE €@ DIGIT
WHILE >R DOVER T* R> N->T T+ DPL @ 1+

IF 1 DPL +! THEN R>

REFEAT DSWAF DDROP R> 3

OVmNOU U

e



i1
12
i3
14

i35
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SCREEN #1468

O
1

LU RS I )

0o

10
11
12
1=
14

13

( floating point input <TNUMBERD )

HEX
: <TNUMBER> ( addri -3 t2 ) -
T+ O SWAF DUF i1+ C& 2D = DUP *R ABS <+ -1 DFL !
FCONVERT DUF C@& EL >
IF DUF C@ 2E = NOT ABORT" NOT RECOGNIZED"
O DFL ! FCONVERT DUF C& BL > ABORT" NOT RECOGNIZED"
THEN DROF R
IF FNEGATE THEN F=>T DFL @
_BEGIN  DUF O
WHILE R BASE @ N-»T T/ FR3> i-
REFEAT DROF 3
DECIMAL

SCREEN #169

0

[
COONO U SR

{ TINP% )
DECIMAL
s TINF# ¢ —-> ) { "state—-smart" word )
EL WORD <TNUMBERX
STATE @ IF
[COMPILE] DLITERAL
THEN 3 IMMEDIATE

I TINP# 100000 T3 T->N . 3

SCREEN #170

0
1

2

QoNOU &

DECIMAL ‘
: TSLOG2 ¢ £1 => t2) ( 0.5 <= t1 <=1 )
TAES  To= NOT IF
DDUF TINF# -1 T+ DSWAP  TINF# 1 T+ T/
DDUF DDUF T* TERM D!
DDUF TINF# 2.885390082 ( 2/1n2 ) T* FTERM D! TERM D@ T*
DDUF TINP# .9617966939 T# ( 2/31n2 ) FTERM T+! TERM D@
DDUP TINP# .5770780164 T# ( 2/51n2 ) FTERM T+! TERM D@
DDUF TINP# .4121985831 T# ( 2/71n2 ) FTERM T+! TERM D@
DDUF TINP# .3205988980 T* ( 2/91n2 ) FTERM T+! TERM D@
DDUP TINP# .2623081893 T# ( 2/111n2 ) FTERM T+! TERM D@
DDUF TINP# .2219530832 T* ( 2/131n2 ) FTERM T+! TERM D@
DDUP TINP# .1923593388 T* ( 2/151n2 ) FTERM T+! TERM D@
TINP# . 1697288283 T* ( 2/171n2 ) FTERM D& T+ THEN ;

el e T B

b
\ TSLOG2 calculation 0.5 <= x <= 1.0 tayloY series 1In/in2 )

T
T
T*
T*
T*
T*
T
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SCREEMN #171 oo :
O ( chebyshev TSZx# calculation Q.0 <= w <= 1.0 )
1 DECIMAL
.2 ¢ TSZxx (t1 -» €2 ) (0 <= t1 <=1
I TAES DDUF TERM D! TINF# 1.0 FTERM D! ¢ %x%%0 )
4 DDUF TINF# .69714718 T* ( xx%*1 ) FTERM T+! , TERM D& T*
S DDUF TINF# .24022636 T* ( x**2 ) FTERM T+! TERM D& T*
6 DDUP TINF# ,055505294 T* ( x*##3 ) FTERM T+! TERM D@ T*
7 DDUF TINF# .0096135358 T* ( x%*x4 ) FTERM T+! TERM D@ T+
8 DDUF TINF# .0013429811 T* ( x*%5 ) FTERM T+! TERM D@ T*
9 DDUFP TINF# .00014299401 T* ( x*%5 ) FTERM T+! TERM DeE T»

10 TINP# .000021651724 T* ( x%%7 ) FTERM D& T+ 3
11
12
13
14

15

SCREEN #172
O ( basic logarithm LOGZ )

1 DECIMAL

2 @ TLOGZ2 ( t1 =& &2 )

3 TO= QVER 0< OR DUF

4 IF ¢ BAD OPERATION ) DROF TARS TO= THEN
S NOT IF *R -1 TSLOG2

6 R> 1+ N-2T T+ THEN ;
7

8 : LOG2 ( f1 =5 £2 )

e F=->T TLOGZR T->F

10

11 ’

13

14

15

SCREEN #173
0 ( basic exponentiation 2#%x )
1 HEX

2z T2%* (£l -» t2)

3 OVER »R ( sign )

4 TAES DDUF T-»N DUF >R N-»>T T-

5 TS2%x R> + R O«

& IF 40000000 © ( £=1.0) DSWAF T/ THEN 3
7 .

B8 & Z¥x ( f1 => £2)

9  F=>T T2#%x T->F

10

11 DECIMAL

12 )
13

14

1S

SCREEN #174

O ( LOGE F#** )

DECIMAL

: TLOGE ( t1 tbase —-* t3 ) ( log to & base )
DSwWaF  TLDGZ DSWAF TLOGBZ T/

(=

ESR N



Sm~0w

10
11
12
13
14

15
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LOGE  ( F1 2 =% 3 )
SEFARATEZ TLOGE T-»F 3

Fax C £1 §2 = 3
SWAF SEFPARATEZ TLOGZ2 T T20%% T=>F 3

SCREEN #175

[
!

ol BENIN O ) IR I N

¢

LOG LN  10#%x Exx )

HEX

oo

L1

LOG { F1 => £2)
41200000 ( £=10.0 ) LOGB 3

LN ( §1 =5
402DFBS4 (

£2 )
£=2

. 7182818 ) LOGE 3

10%%  ( §1 -> £2)
41200000  ( $=10.0 ) SWAP Fs# 3

E** ( $1 - $2)
402DFBS4 ( +=2.7182818 ) SWARP Fx% 3

DECIMAL

SCREEN #176

0

VOOt bR e

¢

ROOT =#%2 1/X EXP )

DECIMAL

ROOT ( £1 £2 => £3 )

272

SEFARATEZ DSWAF TLOG2 DSWAF T/ T2ux T-2F 3

* %2 C f1 - £2 )
DUP F# 3

1/X ¢ £1 - 2 )
FINP# 1 SWAP F/ 3

EXP ( f1n —-> €2 )
N->F BASE & N->F SWAF Fux Fo 3

SCREEN $#177 - .

- .
S0 O No U ) e O

(
H

flocating to alpha conversio F->ME )

EX :

F-"+ME ( f1 —-» d2 n3 )

F->T To= NOT .

IF OVER *R TAES BASE @ N->T DSWAF DOVER

TLOGE DDUF TFRAC DSWAP T->N  Z_FICK O«

IF 1- R 40000000 O ( t=1.0 ) T+ R
R ( log almost 1?7 ) BASE & DUF
siGDIG @ 1 DO’ OVER * LOOF

-1 + >R N->T R> N->T

DSWAF TLOGE TFRAC DOVER T- DROF FO<

THEN



11
12
13

14
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IF DDROF O O R> 1+ >R THEN
SIGDIG @ 1—- N->T

274

T+ DSWAF TLOG2 T* T2%x 40000000 -1 ( 0.5 )

T+ T->N 8-*D R>» R» SWAF >R D+- R> ELSE O THEN

15 DECIMAL

SCREEN #178
0 ( exponent print F.ER F.E )

1 HEX

2 : F.ER ( f1 n2 =% )

3 *R  F->ME DUF >R ABS S-3D

4 <# #5 DDROF FR> SIGN EL HOLD
S SO HOLD 58 HOLD 45 HOLD BL HOLD DUP >R DAES
é6 SIGDIG & 1 DO # LOOP

7 2E HOLD # R> SIGN #>

8 K> OVER - SPACES TYFE

9

10 : F.E ( £1 -> )

11 O F.ER SFACE

12

13 DECIMAL

14

15

SCREEN #179 \
( fixed point numeric printing <F.> F.XR F.

(]

OMNO UMD idE) -

10
11
12
i3
14

15

HEX .
s <F.> ( di n2 -> addr3 n4 n5 )
SIGDIG @ - 1+ NEGATE DUF O MAX >R OVER >R
*R DAES <# RE@ O MAX ?DUP
IF 0O DO # LDOF THEN
2E HOLD RE@ O<
IF R@ ABS O DO 30 HOLD LODOOP THEN
R> DROF #5 R> SIGN #> R> 3
: F.XR ( ¥1 n2 -3 )
>R F->ME <F.> DROP R> OVER - SPACES TYFE
: F.X ( f1 -> )
0O F.XR SPACE
DECIMAL

SCREEN #180
( aligned fixed point print F.AR F.A )
HEX ‘ )

0O

V0Nt P k) -

10
11
12
13
14

13

F.AR ¢ f1 n2 n3 - )
RO MAX R F-ME SIGDIG @€ OVER - 1i-
IF SWAF >R N->F 10%% F2/ F->N 0 D+
R> <F.> R - -
ELSE DROF <F.>» R> DDUP <
IF SWAFP - 3_PICK 3_PICK + OVER 30
ELSE DDROP THEN THEN
R> OVER - B8PACES TYPE ;

A { f1 n2 -> )
F.AR SPACE ;

<o

DECIMAL

X

Re -

FILL +

DUF O3
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SCREEN #181

0 ( smart floating point prints F.R
1 HEX

2 ¢ F.R ( f1 n2 -> )

3 >R DUP F=>T DUP 17 > SWAP -4 <
4 IF DROP R>» F.ER

S ELSE DROP F->ME <F.> DROP

& EEGIN DDUF + 1- Ce 30 =
7 WHILE 1- REPEAT .
8 R> OVER - GPACES TYPE THEN 3
9

10 5 F. ( FPH =2 )

i1 0 F.R SPACE

i2

13 : F? @ F. 3

14

1S DECIMAL

SCREEN #182
0 ( SORT FACTORIAL )
1 DECIMAL

2 ¢ S@RT C 1 -> £2 )

3 FARS F->T DDUP TERM D!

4 { initial approximation is {1i/2 )
S 5 0 DO TERM D& DOVER T/ T+ 1i-
& T->F 3

7 .

8 : FACTORIAL ¢ f1 => £2)

Q FINF# 1 SWAP F->N ABS

10 i+ 2 DO I N->F F= LOOP g
11

i2

i3

14

i3

SCREEN #1832

F?2 )
OR
t
ASR 1-
L.OOP

O (P1 PI/Z FPI/4 2%F1 RAD->DEG DEG-RAD )

DECIMAL

FINF# 3.14159265 CONSTANT PI
PI 2/ CONSTANT FI/2

FI1/2 F2/ CONSTANT FI1/4

Pl F2% CONSTANT 2x%FI

: RAD-:>DEG C F1 =2 2 )
FINF# S7.29577951 F# 3

OO U &R e

i0 DEG->RAD  £1 -> 2
11 FINF# 0.0174332925 F# 3
12
13
14

15

o0

SCREEN #184

0 ( chebyshev sine routine )

1 DECIMAL .

2 2 TSIN ( t1 =-> t2)

3 ( input from -pi/4 TO pi/4 )
4 DDUFP DDUFP T# TERM D!

276
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DDUP TINP# .9999999995 ( x%%1 ) T* FTERM D!

TERM D& T* DDUF TINFH# —. 1656666663 ( x%**3 ) T* FTERM T+!
"TERM D@ T+ DDUF TINP# .008333328785 ( x*%*5 ) T* FTERM T+!
TERM D@ T» DDUP TINP# —.000198B3920268 ( x*%*7 ) T# FTERM T+!
TERM D@ T* TINP# .000002717349463 ( x%*%9 ) T* FTERM D@ T+ ;

SCREEN #185
- 0 ( chebyshev cosine routine )
1 DECIMAL

~
“~

ooNoeU s

TCOoSs ¢ 1 -> t2 )

{ input from -pi/4 to pi/4 )

DDUP T+ DDUP TERM D!

DDUP TINF# —,4999999943 ( x*%2 ) T#* FTERM D!

TERM D@ T* DDUP TINFP# 04164666167 ( x%#%4 ) T#* FTERM T+!
TERM D& T* DDUP TINF# —0.0013886461862 ( x*¥%& ) T* FTERM T+!
TERM D@ T+ TINF# .00002437988031 ( x#%x8B ) T* FTERM D& T+
TINP# 1.0 T+ ;

SCREEN #1864

[a]

BN O U by —

(

full range cosine and sine <COSY <SIN> )

DECIMAL .
: <COS> ( FF# —»> FF# )
FABS 2#FI REM DUP PI F>
IF FNEGATE 2*FI F+ THEN .
DUF FI/2 F>
IF FNEGATE PI F+ -1 >R ELSE 1 >R THEN
DUF FI1/4 F3
IF FNEGATE PI/2 F+ F->T TSIN T-»F
ELSE F->T TCOS T->F THEN

R> F+—-

<SIN> C 1 =2 £2 )
FNEGATE FI/2 F+ <COS>

SCREEN #187 :
0 ( derived trig functions <TAN> <SEC> <CSC> <KCOT> )
DECIMAL

OOV ONOU LWL -

(W

<TAN> C f1 => £2 )
DUF <SIN> SWAP <COS> F/ 3

KSECY (1 —-> £2)
<COS> 1/X

<CSsC> C £1 => 2 )
<SIN> 1/X 3
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i1 s <COT> C+1 => $2)
12 DUF <COS> SWAP <SIN> F/ 3
i3
14
i35

SCREEN #188

( trig functions COS SIN TAN SEC CSC COT )
DECIMAL ®
: COS «( f1 -> f2

DEG->RAD <COS>
s SIN  £1 =-> 2
- DEG->RAD <SIN>
s TAN ¢ $1 ~> 2

DEG->RAD <TAN>

D0 BO s

DONGCU R -OD

BEC ¢ 1 -> €2
10 DEG->RAD <SEC>
csc C £1 -> §2
i2 DEG->RAD <CSC>
i3 s COT C §1 => 2
i4 DEG->RAD <COT>

[y
[y
BY

V8 e B8 0 VOO0
7/
Sy

.SCREEN #189
O ( chebyshev arctangent routine
1 DECIMAL
s TATAN Ctl -2 &2 )
{ input from -1 to 1 )
DDUF DDUF T* TERM D! '
DDUF TINF# .9999999842 ( x%%x1 ) T FTERM D!
TERM D& T+ DDUF TINP# ~.3373T06679 ( x%%3 ) T FTERM T+!
TERM D& T+ DDUP TINP# .1999248354 ( x*x5 ) T% FTERM T+!
TERM D& T* DDUFP TINP# —-.1420257041 ( x*%7 ) T# FTERM T+!
TERM D@ T* DDUP TINP# .106367540&6 ( x*%% ) T* FTERM T+!
TERM D@ T* DDUF TINPH# —.0749544544 ( x%%11 ) T* FTERM T+!
TERM D& T+ DDUFP TINP# ,042587&076 ( x%%13 ) T* FTERM T+!
TERM D& T* DDUP TINF# —~.0160050306 ( x#%15 ) T% FTERM T+!
13 TERM D& T* TINF# 0028340643 ( x*%17 ) T% FTERM D@ T+ 5
14

13

- .
C U ONO U & E

fory
[y

[
+J)

SCREEN #1%0
( basic inver=e trig function <ATAN> <ATAN2> )
DECIMAL
s {ATAN> C £f1 =2 £2 )
DUP FARS FINPH% 1 F
IF DUF >R FINF# 1 SWAP F/ F-3>T TATAN T->F
FNEGATE PI/2 R> F+- F<+
ELSE F-=->T TATAN T->F THEN g

<

<ATANZ> ( fx fy —-> £3 )

OVER FO=

10 IF >R DROF DROFP PI/2 R> F+-
11 ELSE OVER FO< )

DN U s G e

iz IF DUP FO< >R SWAP F/ <ATAN> PI R>
13 IF F- ELSE F+ THEN
i4 ELSE SWAP F/ <ATAN> THEN THEN g

15
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SCREEN #191 |
0 ( derived inverse trig <ASIN> <AC0S> <ACOT> )

1 DECIMAL .
2 <ASIN>  ( f1 => £2 )

3 DUF FABS FINF# 1 F=

4 IF SWAF DROF F1/2 ROT F+- .

S ELSE FINF# 1 OVER *¥2 F- GORT F/ <ATAN> THEN 3
6

7 : <ACOS> ( f1 => §2 )

8 <ASIN> FNEGATE ~PI/2 F+ ;

9

10 : <ACOT> ( f1 => §2)
11 <ATAN> FNEGATE PI/2 F+ 3

12 : .
13

14

15

SCREEN #192
D ( derived inverse trig <ASEC> <ACSCH» )

1 DECIMAL

T 3 <ASEC: { F1 =% 2 )

T DUF #%2 FINF# -1 F+ SBORT <ATAN> SWAF  FO
4 IF FI F- THEN  ; .
5

& : <ACSCH ( FF# -3 FR# )

7 DUF FAES FINF# 1 F=

B IF SWAF DROF FPI/2 ROT F+-

9 ELSE DUF #*x2 FINF# -1 F+

10 SORT 1/X <ATAN> SWAP  FO<

11 IF PI F- THEN THEN 3

12

13

14

15

SCREEN #1932
( trig functions ACOS8 ASIN ATAN ASEC ACSC ACOT ATAN2 )
DECIMAL
: ACOS ( f1 => £2
<AC0S> RAD-:DEG
: ASIN ( £1 => £2
<ASIN> RAD->DEG
: ATAN ( £1 -> f2
<ATAN> RAD->DEG
ASEC ¢ f1 -> f2
<ACSC> RAD->DEG
. ACSC C £1 > ¥2
11 <ACSC> RAD->DEG
ACOT { §1 => £2
13 <ACOT> KRAD->DEG

(=
SOONOU DGR -C
s (1)

vy
(8}

WO A B A WP A W s VIR o W

14 : ATANZ ( fx fy => £3 )

15 <ATAN2> RAD->DEG ; v
SCREEN #194 \

0 ( <P=>R> <KR->P> P->R R->P ) 1

1 DECIMAL »

2 3 {P-ER> ( frad fang => fx fy )

A OVER OVER <SIN> F* R

4 <C0OS> F#* R> 3
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S

1) <R=>F> ( fx fy => frad fang )
7 OVER OVER <ATANZ> >R
8

9

oo

%¥%2 SWAP *x2 F+ SORT R>

[
o
oo

FP=->R ( frad fang => fx fy )
i1 DEG->RAD <KF->R> 3

i3 R->P ( £ fy => frad fang )
i4 <R->P> RAD->DEG j;

oo

SCREEN #1953

O

» 00N O U ) e

SCREEN #196

0O ( Calculation speed and accuracy benchmark )
1 ( Adapted from BYTE magazine )

2 ¢ Volume 10, No. S, MAY 1985, page 282 )

3 FINF# 2.71828 CONSTANT FA

4 FINF# 3.14159 CONSTANT FB

=1

6 : CALCULATIONS « =2

7 FINFE 1.0 -

8 5000 O DO FA F* FR Fx

9 FA F/ FEB F/ LOOF
10 ( CR ." DONE"™ "CR ) " ERROR=" FINF# 1.0 F- F.
11

12

i3

14

15

SCREEN #197

O \ Trig table test -- This is a good stress of the board!
i DECIMAL »
2 : TEST-TRIG ( =2
Cr .
- X SINOK Cos () TANCO " CR
o n =m==== 3 ====xs===s ===========“ CR
361 O DO

I N=->F DUF S FeR
DUF SIN 7 12 F.AR
DUP COS 7 12 F.AR
TAN 7 19 F.AR CRrR

COowmNo U

(S
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11 ?TERMINAL ABORT" ..BREAK.."
12 LOOP ; .
13
14
13
SCREEN #198
O \ Stress test based on trig functions - 1
1 DECIMAL :
.2 ¢+ STRESS-COMFARE ( DI N2 D3 N4 -3 )
3 *R ROT *R
4 D= R» R* = AND '
S NOT ABORT" BAD COMFARE" ;
&
7
8
9
10
11
12
13
14

SCREEN #199 '

0 \ Stress test based on trig functions - 2
1 DECIMAL

2 : STRESS ( -> )

3 1000 O DO CR. 1 .

4 361 O DO .¢n oM ,

5 I N~->F DUP F->ME 4 PICK F->ME STRESS-COMPARE

& DUP SIN F->ME 4 PICK SIN F->ME STRESS-COMPARE
7 DUF COS F->ME 4 PICK COS F~>»ME STRESS-COMPARE
8 DUF TAN F->ME 4 PICK TAN F~>ME STRESS-COMPARE
e DROF ' -

10 ?TERMINAL ABRORT" ..EBREAK.."

11 LOOP LOOP.

12

13
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APPENDIX A
PART III
DIAGNOSTICS & TESTS
PROGRAM LISTING

ECREEN #1

O INDEX -—-- CPU/3I2 TEST SOURCE - FHIL EOCOFMAN JR.
.1 LIBRARY VERSION FILE: TEST.4TH LAST UFDATE: &/1/87
3 BETA TEST VERSION (CY COFYRIGHT 1987 :

4 BY FHIL KOOFMAN JR.

S

& LOAD SOURCE

7 SCREEN SCREENS CONTENTS

B —_—_—===== sS=m==mo= ===S=====

4 2 2 - &6 COMFREHENSIVE STATIC TEST SUITE FROM HOST
10 NOTE: TRASHES CPU/32 MEMORY!!titiriieirng
11 a3 70 - 75 RAM TEST FROM CPU/32

2 cee 80 —~ 124 STRESS TEST FROM CPU32 -

13

i4

S

SCREEN #2

O \ STATIC TEST SUITE FQR FORTH EOARD —-- LOAD FROM HOST PC

i DECIMAL MATH STOF s TABKZZ 3

2 VARIARBLE DISF-FASS i1 DISP-FASS !

I 27 ( DVALUE DVALUE N -2 )

4 >R GDUF D=

S IF DiSP-PASS €@ IF " PASS " THEN QDROP R> DROP ©

& ELSE Cr ." x*xx ERROR #" R> .

7 " EXFPECTED: * DU.

8 o " ACTUAL: " DU, MEY 13 = CR THEN

9 TTERMINAL OR ABORT" EBREAK"™ 3

10 : QZ 664 DOCR 1 ODOCRJI I .R ." " J LOAD

11 7TERMINAL ABORT" BREAK" LOOFP LOOP CR CR

12 ( ERROR MESSAGE HERE IF BREAK KEY USED ==> ) QZ

13 FORGET TASKZIZ CR CR .

14 LOAD-ALL CR CR ." Test complete." CR CR ." Type: CPU32" CR

we ©e

i5 . " 3 LOAD" CR ." for stress testing." CR CR b
SCREEN #3 \

O \ STRESS TEST LOAD SCREEN -— %% DO A LOAD—ALL FIRST!! =

1 DECIMAL

2 10 CONSTANT REFS ' 100000 CONSTANT #TIMES

3 CR CR ." STRESS TEST. ITERATIONS = © REFS #TIMES # . CR CR
4 70 75 THRU \ Load RAM TEST

S : FORGET-MARKER 3

6 CR ." Executing 1 RAM test." CR '
7 HEX CR RAM-TEST CR CR DECIMAL \ Run single RAM test

8 CR ." Executing stress tests." CR

9 80 124 THRU \ Load ¥ execute other stress tests

10 FORGET FORGET RKER

11 CR ." Executing ' REPS . ." RAM tests." CR .
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12 HEX REFEAT-RAM-TEST DECIMAL \ Run N RAM-TESTS
13 CR ." Executing trig function stress test." CR
14 ." Press any key to stop." CR

15 STRESS \ Run trig stress test
SCREEN #4
O " TEST MIR REGISTER" CR
.1 HEX MATH
2 00000000, MIR! MIR@ OOOOOO00O0, {1 22
3 FFFFFFFF. MIR! MIReE FFFFFFFF. 2 2 .
4 123745678. MIR'  MIRE 12345678, 3 12
S EDCEA987. MIR! MIR@ EDCERA987. 4 22
1)
7
8 DECIMAL
q
10
11
12
13
i4
S
SCREEN #S
0 ." TEST STATUS REGISTER" CR
1 HEX MATH
2 1 XXA O :: DEST=8TATUS ;SET X! H
= : XXE STATUS O 3
4
S 0000, XXA XXE OFF. DAND QO00. 1 22
& OOFF. XXA XXE OFF. DAND OQFF. 222
7 0012, XXA XXR OFF. DAND 0012, I 72
8 OOED. XXA XXk OFF. DAND O0OED. 4 22
4
10 DECIMAL
11
12
13
14
15
SCREEM #&
G ." TEST FC REQUEST REGISTER" CKR
.1 HEX MATH
2 1 XXC DROF FCRECQ 3
I '« XXD O :: SOURCE=FLAGS ;SET Xe ; :
4
S GOGo. XXC XXD OFF. DAND Q0OO00, 1 22
& O0SA. XXC XXD OFF. DAND QOSA., 2 22
7 Q0AS. XXC XXD OFF. DAND OOAS. 3 17 .
8 QODE. XXC XXD OFF. DAND- OODE. 4 722
=]
.10 DECIMAL
11
12
13



2

SCREEN #7

SONOCMP LR = O

000, XXE O

. " DF TEST" C
HEX M
: XXE O 3
: XXF 1 :
SAS. XXE
ASA. XXE

3 > o8 0@

QOF., XXE O
OFF. XXE
FFF. XXE
000. XXE
100. XXE
010. XXE
001, XXE
DECIMAL

[o s ReN o Xl

“a 52 ss 99 oe 28 s =8 B¢ <

s 22 as 3¢ as ¢ as = T} T} ()

o~
!

SCREEN #8

O ONO (N » )OO

10
11
12
13
14

15

." RP TEST"
HEX M
: XX6 O :
: XXH 1 s

0SAS. XXG6 X
OASA. XXG X
Q0Q0. XXB O
OQ0F, XXG O
OOFF. XXG O
QFFF. XXB ©
QO00. XXG 0
0100. XXG6 O
Q010. XXB ©
QOO1. XXB O
DECIMAL

SCREEN #9 . .
." TEST DLO REGISTER (STORE/FETCH)" CR

O
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R
ATH
DEST=DF 3SET X!
OURCE=DF 3SET
OOFFF. DAND
OOFFF. DAND
INCCDP1 ;DO
INCCDP] ;DO
INCEDP1 ;DO
INCCDFP] ;DO
DECCDF1 ;DO
DECLDP1 ;DO
DECCDP1 ;DO
DECLDF1 ;DO

CR
ATH

DEST=RF 3SET X!
SOURCE=RP 3 SET

XH  OOFFF. DAND
XH  OOFFF. DAND
INCLRP] ;DO
INCCRPI ;DO
INCLRPI. ;DO
INCLRP3I ;DO
DECLRP] ;DO
DECLRP1 ;DO
DECCRF3J ;DO
DECLRF1 ;DO

9

X@ 3

03AS. 1 ZZ

QASA
XXF
XXF
XXF
XXF
XXF
XXF
XXF
XXF

. 222
OFFF,
OFFF.
OFFF.
OFFF.
OFFF.
OFFF,
OFFF.,
OFFF.

05AS. 1 2
OASA. 2 Z

XXH
XXH
XXH
XXH
XXH
XXH
XXH
XAH

X!

X@ s

!

( D=
{ D=
( D=
( D=

OFFF,
OFFF.
OFFF.
OFFF.
OFFF.
OFFF.
OFFF.
OFFF.

o
B

NOT IF
NOT IF
NOT IF
NOT IF

UNTIL 1 DISP-FASS ! DECIMAL

1 HEX
2 5 XXJ 33 DEST=DLO $SET
-3 s XXE 1 :¢ SOURCE=DLO :SET
4
5 \ : XX HEX BEGIN © DISF-FASS
& QQ0OOO00, XXJ X XK, OOOOOO00,
7 FFFFFFFF., XXJ3 XXk FFFFFFFF.
8 12343678. XXJ XXK 2345678.
@ EDCERAS87. XXJ XXK EDCERASB7.
10\ PTERMINAL
11
12
13
14 DECIMAL
1S
SCREEN #10
O " TEST DHI REGISTER
i HEX
2 ¢ XXL QO z: ALU=B DEST=DHI
3 2 XXM 1 23 SOURCE=DHI
4

$SET
sSET

(STORE/FETCH) * CR

X!
xe@

w8 an

292
DAND 0001. 3 ZZ
DAND 0010. 4 ZZ
DAND 0100. S 77
DAND 0000. é& 27
DAND OFFF. 7 2Z
DAND OOFF. 8 22
DAND O00F. 9 ZZ
DAND 0000. OA ZZ
yA
A
DAND 0001, 3 ZZ
DAND 0010. 4 2Z
DAND 0100. S ZZ
DAND 0000, & 12Z
DAND . OFFF. 7 2Z
DAND O0OFF. 8 21
DAND O00F. ® ZZ
DAND 0000, OA ZZ
" X" THEN ) 1 ZZ
<" YY" THEN Y 2 Z7Z
" Z"  THEN ) 3 22
<" W' THEN )Y 4 Z7Z

=0
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S 555555585, XXL XXM 55955555,
& AAAAAAAA. XXL XXM ARAAARAAAA,
7 23456789. XXL XXM 23456789,
8 DCBA9876. XXL XXM DCBA9876.
Q
10 .
11
12 DECIMAL
14
15
SCREEN #11

0

1

4

S

=

7

8

Q
10
i1
12
13
14
15
SCREEN #12 '

O

1

4

S

b6

7

8

9

10

11

12

13

14

1S

SCREEN #13 )

0O ." ALU CONSTANTS" CR

1 HEX

21 XXW (AR ->)

3 O :: DEST=DLO ;SET X!

4 1 :: ALU=B DEST=DHI :SET X!
b 2 82 SOURCE=DLO H

6

7 = XXX ( —> RESULT )

8 DEST=DHI

9 3 z: SOURCE=DHI $SET
10 ’

1 2Z
2 227
3 22
4 22

s DO
xe

294
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11 O 2: SOURCE=DHI ALU=(0 DEST=DHI ;DO X& 00000000,

12 1 :: SOURCE=DHI AlLU=-1 DEST=DHI 3DO X@ FFFFFFFF.

i3

14 DECIMAL

1S

SCREEN #14
0O ." ALU A & B SIDE FASS THRU" CR
i HEX
2 84512347, 00000000. XXW ALU=A XXX B84S12347. i
3 84512347, FFFFFFFF. XXW ALU=A XXX 84912347. 2
4 7BRAEDCER8. FFFFFFFF. XXW ALU=A XXX 7BAEDCEBB. 3
S
& 00000000, B4S12347. XXW ALU=B XXX B84512347. 4
7 FFFFFFFF. 84512347. XXW ALU=B XX B4312347. S
8 FFFFFFFF. 7BAEDCEB. XXW ALU=R XXX 7BAEDCBB. &
9

10 FFFFFFFF. 7BAEDCE8. XXW ALU=A XXX FFFFFFFF. 7

i1

12

13 DECIMAL

14

iS

SCREEN #1S
O ." ALU A E SIDE COMFLEMENT" CR
1 HEX 4 ‘

2 00000001 . Cra XXW ALU=notA XXX FFFFFFFE. i 22
2 FFFFFFFE. Q. XXW ALU=notA XXX 00000001, 2 727
4 12345678. 00,  XXW AlLU=notA XXX EDCRAY87.. 3 ZZ
5 123454678. FFFFFFFF. XXW ALU=notA XXX EDCBAPB7.
& 0. OOOOOO00, XXW AlU=notE XXX FFFFFFFF. o 22
7 0. FFFFFFFF. XXW AlLU=notE XXX O0000000. & 21
8 0. 12345678. XXW AlLU=notR XXX EDCEBA?B87. 7 ZZ
9 -1. 123454678. XXW AlLuU=notEB XXX EDCBAS8B7. 8 ZZ
10 DECIMAL
11
12
13
14
15

SCREEN #16
O ." ALU NOR & NAND" CR
1 HEX
2 FFFFFFFF. FFFFFFFF. XXW ALU=AnorE XXX QOO00000.,
I QQQOO000. FFFFFFFF. XXW AtU=AnorB XXX QOO00000.
4 FFFFFFFF. 000Q00000. XXW ALU=Anork XXX 00000000,
5 00000000, 00000000, XXW ALU=AnorB XXX FFFFFFFF.
& L43F2QCE4. 43221282, XXW  ALU=AnorE XXX ?8CD4109.
7 .

8 Q0000000. 00000000. XXW AlLU=AnandR XXX FFFFFFFF.
9 FFFFFFFF. 00000000. XXW ALU=AnandB XXX FFFFFFFF.

10 00000000, FFFFFFFF. XXW ALU=AnandR XXX FFFFFFFF.
11 FFFFFFFF. FFFFFFFF. XXW ALU=AnandbB XXX 00000000,
2 43239835, 4TLSB7AE. XXW  ALU=AnandB XXX BCDE7FDB.
13
14 DECIMAL

N ==

22
ZZ
Zz

2z
ZZ
ZZ

ZZ

WD

DO 0N

NN
NN

27

7
2z
7
ZZ
27

ZZ
ZZ
7
7
ZZ

L b



SCREEN #17
" ALU XOR & XNOR"

CONOUDUNSO

10
11
12
13
14
15

HEX
FFFFFFFF.
FFFFFFFF.
00000000
6432ACEA.

00000000,
FFFFFFFF.
00000000.
FFFFFFFF.
43239835.

DECIMAL

SCREEN #18

0

00N O U s b)Y e

10
11
12
13
14

15

." ALU OR
HE X
FFFFFFFF.

........

.......

FFFFFFFF.
00000000,
FFFFFFFF.
43239835.

DECIMAL

SCREEN #19

CONOU WP - O

10
11
12
13
14

15

ALY A+
HEX
12345678.
QOOQO000,
[s]elvlulelsle] o
QQQQOFFF.
QOQOFFFF,
OQOFFFFF.
QOQFFFFFF.
QFFFFFFF.
FFFFFFFF.

DECIMAL

SCREEN #20

Q

2 S I o

< ALU A+l
HEX
23454678.
00000001,
00000010,

297

FFFFFFFF.
FFFFFFFF.
00000000,
00000000,

43221252,

00000000,
00000000,
FFFFFFFF.
FFFFFFFF.
436S87AE.

% AND" CR
FFFFFFFF.
FFFFFFFF.

ATZRR1I252
ROV p s

0O000KO0,
FFFFFFFF.
FFFFFFFF.
436587AE.

% CARRY

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

XXW
XXW
XXW
XXW
XXW
XXW
XXW
XXW

XXW

XXW

CR

XXW
XXW
XXW
XXW
XXW

XXW
XXW
XXW
XXW
XXW

XXW
XXW
XXW
XXW
XXW

XXW
XXW
XXW
XXW
XXW

PROFAGATE TEST"

ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1
ALU=A+1

5,053,952

ALU=Axork
ALU=AxorB
ALU=Axork
ALU=AxorR
ALU=Axorb

ALU=AxnorB
ALU=AxnorB
ALU=AxnorB
ALU=AxnorB
ALU=AxnorB

ALU=RorkR
ALU=AorEk
ALU=Acrk
ALU=Aork
Al.U=AorEk

ALU=Aandk
ALU=AandE
ALU=AandB
ALU=AandB
ALU=AandEk

XXX
XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX
XXX

XXX
XXX
XXX
XXX
XXX

CR

XXX
XXX
XXX
XXX
XXX
AXX
XXX
XXX
XXX
XXX

12345679,
00000001,
00000010,
00000100.
00001000,
00010000.
00100000.
01000000.
10000000.
00000000.

% BORROW PROPAGATE TEST" CR

0.
O.
0.

XXW
XXW
XXW

ALU=A-1
ALU=A-1
ALU=A~-1

XXX
XXX
XXX

12345677.
00000000,
COQ0000F .,

298

00000000,
FFFFFFFF.
FFFFFFFF.
00000000.
2710BEB6.

FFFFFFFF.

00000000.
00000000.
FFFFFFFF.

FFBYEOS4.

FFFFFFFF.
FFFFFFFF.
FFFFFFFF.
00000000,
6732BEF 6.

00000000,
00000000,
00000000,
FFFFFFFF.
43218024.

Z
ZZ
Y4
2z
Yo
ZZ
s
zZ
22
Y

COUMNOCUDUN

[

ZZ
2z

1
2
S 22

PN -

DIOONO

DPOoO@mNLG> AP N -

2
y¥4
2
Y4
2

22
Y4
1z
22
Y74

ZZ
27
7
ZZ
22

22
22
Z2
2z
y
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5 00000100, 0. XXW ALU=A-1
6 00001000, 0. XXW AlLU=A-1
7 0010000, 0. XXW ALU=A-1
8 00100000, 0., XXW  ALU=A-1
2 01000000. 0. XXW ALU=A-1
10 10000000, 0. XXW ALU=A-1
11 00000000. ©O. XXW ALU=A-1
13 DECIMAL
i4
iS
SCREEN #Z1 :
O ." ALY A-B A-EB-1" CR
1 HEX
2 FFFFFFFF. FFFFFFFF. XXW
T3 00000000, FFFFFFFF. XXW
4 FFFFFFFF. QQOQO000, XXW
5 QOOOQO000, OOOO0000, XYW
6 LATZZACEA. 473221252, XXW
5
8 00000000, 00000000, XXW
Q@ FFFFFFFF. QQOQOQO00Q, XXW
10 00000000, FFFFFFFF. XXW
11 FFFFFFFF. FFFFFFFF. XXW
12 43239835, 4365SB7AE. XXW
1z
14 DECIMAL
1S
SCREEN #22
0 ." ALU A+E A+B+1" CR
1 HEX
2 FFFFFFFF. FFFFFFFF. XXW
3 00000000, FFFFFFFF. XXW
4 FFFFFFFF. Q0000000. XXW
5 Q0000000. Q00O00000. XXW
b L4Z2ACEA4A. 43221252, XXW
7
8 00Q00000. QO00OQ0CO, XiW
% FFFFFFFF. 00000000. XXW
10 00000000, FFFFFFFF. XXW
11 FFFFFFFF. FFFFFFFF. XXW
2 43239835, 43465B7AE.  XXW
13
14 DECIMAL
15
SCREEN #23 _
O ." ALY A+A A+A+1" CR
i HEX
2 FFFFFFFF. FFFFFFFF. XXW
3 00000000, FFFFFFFF. XXW
4 FFFFFFFF. 00000000, XXW
5 QQO0O000,. 0O0DC000. XXW
& L432ACE4. 43221252, XXW
7
8 00000000, QOOO0000. XXW
9 FFFFFFFF. 00000000. XXW
10 00000000, FFFFFFFF.  XXW

300
XXX  O000O0OFF. 4 ZZ
XXX  OOOOOFFF. 5 ZZ
XXX  OOOOFFFF., & 2Z
XXX  OOOFFFFF., 7 2Z
XXX  OOFFFFFF. B Z2
XXX  OFFFFFFF. 9 2Z
XXX  FFFFFFFF, 10 2ZZ
ALU=A-E XXX 00000000,
ALU=A-B XXX  0Q0000001.
ALU=A-E XXX  FFFFFFFF.
ALU=A-E XXX 00000000,
ALU=A-E ~ XXX  21109A92.
ALU=A-E-1 XXX  FFFFFFFF.
ALU=A-B-1 XXX  FFFFFFFE.
ALU=A-E-1 XXX  00000000.
ALU=A-E~1 XXX  FFFFFFFF.,
ALU=A-E-1 XXX  FFEBE1086.
ALU=A+R XXX  FFFFFFFE.
ALU=A+E XXX  FFFFFFFF.
ALU=A+E XXX  FFFFFFFF,
ALU=A+E XXX 00000000,
ALU=A+B XXX  A7S4BF36.
ALU=A+E+1 XXX  00000001.
ALU=A+B+1 XXX  00000000.
ALU=A+B+1 XXX  00000000.
ALU=A+B+1 XXX  FFFFFFFF.
ALU=A+B+1 XXX B&B91FE4.
\
ALU=A+A XXX  FFFFFFFE.
ALU=A+A XXX  00000000.
ALU=A+A XXX  FFFFFFFE.
ALU=A+A XXX 00000000,
ALU=A+A XXX  CB&559CB.
ALU=A+A+1 XXX 00000001,
ALU=A+A+1 XXX  FFFFFFFF.
ALU=A+A+1 XXX  00000001.

wl» L N

U AN e

B AN e

DIODNO

D90~

ZZ

ZZ
ZZ
22

7
7z
ZZ
ZZ
ZZ

7z
ZZ
7
Z7
s

ZZ
27
Z2Z
ZZ
2z

ZZ
ZZ
zZ
ZZ
ZZ

& 71
7 ZZ
B8 ZZ

A
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11 FFFFFFFF. FFFFFFFF. XXW ALU=A+A+1 XXX FFFFFFFF. 9 2Z
12 43239835. 436587AE. XXW ALU=A+A+1 XXX B&47306B. A ZZ
13

14 DECIMAL

15

SCREEN #Z4 T ;
o " TEST ZZ-BIT BYTE ROTATE FROM ALU" CR

1 HEX

2 : YYA O :: ALU=E ROLLLCALUJ DEST=DHI ;SET X!

2 1 :: SOURCE=DHI ;SET X@& ;

4 1
S 12T745478. YYA 78123456. 1 22

& EDCEBAT87. YYA B7EDCEAS. 2 22

7

8 DECIMAL

Q

10

11

12

1=

14

15
SCREEN #2895

O ." TEST 64-EIT BHIFT LEFT OF DLO/DHI -~ 1" CR

1 HEX

2 : XXN O :: ALU=R DEST=DHI ;SET X!

3 1 :+: DEST=DLO 3SET X! 3

4 : XXF 2 :: SOURCE=DLO 3$SET Xe@

S 3 :: SOURCE=DHI ;S8SET X& .

6 1 XX@ O DO 4 :: SLIDLO]Y ALU=A CIN=0 SLIALU] ;DO LOCP
7 00000000, QOOO0O00. XXN XXP 00000000. 1 ZZ 00000000, 2 2Z
8 O :: SLIDLO) ALU=A CIN=1 SLIALU] ;DO

9 XXF 00000000, 3 ZZ 00000001, 4 22
10 7 XXa XXP QO00O0000. 5 2Z 00000080, & 2Z
11 1 XX@ XXF 00000000, 7 ZZ 00000100. 8 22
12 7 XX@ XXP 00000000, 9 22 00008000, A ZZ
13 1 XX@ XXP 00000000, B Z2Z 00010000. C 22
14 7 XX@ XXpP QQOO0000, D ZZ 00800000. E 2Z
1S DECIMAL
SCREEN #26

0 ." TEST &4-BIT SHIFT LEFT OF DLO/DHI -~ 2" CR

1 HEX

2 00800000. QOQOQOO00. XXN

3 1 XX@ XXF QO000000. 1 ZZ 01000000, 2 Z2Z
4 7 XX@ XXF QOOO0000. 3 72 80000000, 4 ZZ
S 1 XXx@ XXP 0QOO0001. S 22 00000000, & 22
& 7 xXX@ XXF 00000080, 7 2Z QO000000. 8 22
7 1 XX@ XXP 00000100, 9 22 00000000, A ZZ
8 7 XX@ XXP 00008000, R ZZ 00000000. € ZZ
? 1 XX@ XXP 00010000, D 22 00000000. E ZZ
10 7 XX@ XXP 00800000, F ZZ 00000000, 10 ZZ
11 1 XX@ XXP 01000000, 1t 22 00000000, 12 2Z
12 7 XX@ XXP 80000000. 13 27 00000000. 14°2Z
13 1 XXa@a XXP 00000000, 15 z2 00000000. 16 ZZ
14 DECIMAL
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SCREEN #27 o
O ." TEST 64-RIT SHIFT RIGHT OF DLO/DHI -- 1"
HEX -
: XXR

<

¢ ALU=B DESBT=DHI ;SET X!
¢ DEST=DLO 3SET XY o

S

Cr

1

4 : XXS SOURCE=DLO :SET X@

5 3 SOURCE=DHI :SET X@ 3

b =

7 00000000, 00000000, XXR XXS 00000000, 1 2Z
8 O :: SRIDLDO]I ALU=A CIN=1 SRIALU] s DO

Q XX8 80000000, 3 2Z 00000000, 4 2Z
10 7 XXT XX8 01000000. § 2Z 00000000, 6 ZZ
11 1 XXT XX8 00800000, 7 2Z 00000000, 8 ZZ
12 7 XXT XXS8 00010000. 9 ZZ QO0QO000., A ZZ
13 1 XXT XX8 00008000, B 22 0QOQQQ00. C Z2Z
14 DECIMAL

1S .
SCREEN #28

O ." TEST 64-BIT SHIFT RIGHT OF DLO/DHI -- 2" CR
1 HEX

2 Q0QOQ000. 00008000, XXR

I 7 XXT XXS 00000100, 1 ZZ QQO00000, 2
4 1 XXT XX8 00000080, I Z2Z QOO00000. 4
g 7 XXT XX8 QOOOO0O0L. S 217 00000000, &
& 1 XXT XX8 00000000, 7 ZZ 80000000. B
7 7 XXT XX8 00000000, 9 22 01000000. A
8 1 XXT XXS 00000000. B 22 Q0B00000. C
Q@ 7 XXT XX8 00000000, D 2Z 00010000, E
10 1 XXT XX8 Q0QO0000. F 212 00008000, 10
11 7 XXT XXS 00000000, 11 22 00000100, 12
12 1 XXT XX8 00000000, 13 2Z 00000080, 14
13 7 XXT XX8 00000000. 15 ZZ 0Q000001. 16
14 1 XXT XX8 . 00000000, 17 2Z Q0O00O000, 18

15 DECIMAL

SCREEN #29

YONOCOHUN O

SCREEMN #3Z0

O

[N

304

00000000,

ZZ
ZZ
ZZ
2z
ZZ
YA
2
22
2z
iz
2Z
iz

XXT O DO 4 :: SRIDLDOI ALU=A CIN=0 SRLALU] DO LOOP

2 27
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NH U= 000N

o e e bt

SCREEN #31

QONOCWMPIEHN=C

SCREEN #32 \
." TEST RAM ADDRESS LATCH VIA ADDR COUNTER" CR
HEX MATH .
: YYG O :: DEST=ADDRESS-COUNTER ;SET X!

1 :: SOURCE=ADDRESS-COUNTER ;SET X@ ;

12345678, YYG OQ7FFFFC. DAND 003454678.
EDCBA987. YYG O7FFFFC. DAND Q04BAT84.

DECIMAL

VONCWUMHHUHKW» O

SCREEN #33 B
." TEST ADDR COUNTER VIA RAM ADDRESES LATCH" CR

O

1 HEX .
.2 : YYH O :: DEST=ADDRESS-COUNTER ;SET X!

= 2 :2: INCCADCI ;DO

4 Z :: SOURCE=ADDRESS-COUNTER 3;SET X@ 3
-t

6 12549978. YYH OQ7FFFFC. DAND 00545970,

7 00000000, YYH OQ7FFFFC. DAND 00QQ0O0ON4,

8 00000OIC. YYH OQ7FFFFC. DAND QOOO0O0N40Q,

9 QOO0O00O3IFC. YYH O7FFFFC. DAND 00000400,

10 OOOOIFFC. YYH O7FFFFC. DAND 00004000,
11 QOOJIFFFC. YYH O7FFFFC. DAND 00040000, .
2 OO3IFFFFC. YYH OQ7FFFFC. DAND 00400000,

306

NP M-

ZZ
2z
2z
ZZ
YA
7
7
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13 QO7FFFFC. YYH O7FFFFC. DAND  QOO0Q000. 8 2z
14 DECIMAL

15

SCREEN #34

0 ." TEST ADDR COUNTER TO RAM ADDRESS LATCH" CR

1 HEX

2 : YYHA ( RAM.BIT.PATTERN ADDRESS -> RIT.PATTERN )
3 »» DEST=PAGE 3;SET 0. X!

4 DSWAF DOVER RAM!

S »> DEST=ADDRESS-COUNTER :S5ET X!

& »» BOURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH 3DO |
7 >» SOURCE=RAM ;SET X@& ;

8

Q@ 00000000, 432C. YYHA 00000000, 1 22

10 FFFFFFFF. 432C. YYHA FFFFFFFF. 2 27

11 AASSAASS. 432C. YYHA AASSAATSS. 3 27

12 SSAASSAA, 432C. YYHA SSARATSAA. 4 722

13 DECIMAL

14

15

SCREEN #33

0 ." TEST PAGE REGISTER" CR

1 HEX :

2 ¢ YYd O :: DEST=FAGE ;SET X!

3 1 :: SOURCE=ADDRESS-COUNTER ;SET X@&@ 3

4 .

5 000000000, YYJ O7FB80O0000, DAND Q00000000 . i ZZ
& OFFFFFFFF. YYJ O7F800000. DAND Q7FB800000. 2 ZZ
7 012345&678. YYJ .0O7F800000. DAND 012000000, 3 22
8 OEDCEAY87. YYJd O7FB800000. DAND 06DBO0000. L
9

i0 DECIMAL

i1

12

i3

ig

SCREEN #3295 - .
" oALU INFUT HOLDING LATCH" CR

)
1 HEX
2 2 YYHE ( N1 =>» notM1i Ni)
= 1 :: ALU=notk DEST=DHI $SET X!
4 =~ ¢3 SOURCE=DHI ALU=E DEST=DHI 3SET X&
5 CYCLE X@ 3 '
&
7 S5555555., YYK 55555555, 1 27
8 AAARAAAA. 2 Z12
% AAAAAAAA. YYHK AAAARARA. 3 212
10 50555555, 4 27
11 123454678. YYK 2745678, S 1Z
12 EDCBA98B7. &6 Z1Z
17 DECIMAL
14
1S
SCREEN #37
G ." TEST FLAG REGISTER" CR

1 HEX
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2 T YYL ( Clear all possible errors before testing flags )
3 O :: DEST=DFP ;SET -1. X! 1 :: DEST=RP ;SET -1l. X!
4 2 :: SOURCE=FLAGS ;DO

S 3 :: DEST=FLAGS ;SET X!

6 4 :: SOURCE=FLAGS ;SET X@& 3

7

8 00000000, YYL OFF000000., DAND - 000000000, 1 22
% FFFFFFFF. YYL OFF000000. DAND OFFQO0000. 2 722
10 SA345678. YYL OFF00OCO0O. DAND 0SA000000, 3 712
11 ASCERA980. YYL OFF0Q0000. DAND QAS000000. 4 72Z
13 DECIMAL
14

15
SCREEN #38 \

0 ." TEST DF & RF OVERFLOW ERROR INTERRUPTS" CR

1 HEX >

2 : YYM © :: DEST=DF ;SET X!

3 1 :: DEST=FLAGS ;SET 0. X!

4 2 :: SOURCE=FLAGS ;SET X@ ;

5 : YYN © :: DEST=RP j;SET X!

b6 1 :: DEST=FLAGS ;SET 0. X!

7 2 :: SOURCE=FLAGS ;SET X@ j

8

9 OFFF. YYM 01000000. DAND Q0000000 . 1 ZZ
10 0000. YYM 01000000. DAND 01000000. 2 22

11

12 OFFF. YYN 02000000. DAND 00000000, 3 22

13 Q000. YYN 02000000. DAND 02000000.° 4 22

14

15 DECIMAL
SCREEN #39 , -

O ." TEST HOST INTERRUFTS" CR

1 HEX :

.2 \ NOTE: Farity interrupt currently untestable

T s YYF 1 :: DEST=FLAGS ;SET 0. X!

4 2 :: SOURCE=FLAGS 3;SET Xeé j .

)

& O :: SOURCE=FLAGS ;DO

7 YYF 04000000. DAND 00000000, 1 22

8 -1 FCRER

9 YYP 04000000. DAND 04000000. 2 22

10 :: SOURCE=FLAGS ;DO

11

12

13 DECIMAL

14

1S

SCREEN #4340

O ." TEST NEXT ADDRESS REGISTER VIA DEST=" CR

1 HEX MATH

2 : YY@ O :: DEST=FLAGS ;SET -1. X! °( Mask interrupts )
3 ( Ensure JMP instruction ) FFFFFFFC. DAND

4 2 :: ALU=B DEST=DHI ;SET X!

5 ( Automatically clk into counter during decode )
é 3 :: SOURCE=DHI DEST=DECODE ;DO

7 4 :: DECODE ;DO '
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8 S ss sD0 CYCLE
@ & 3: SOURCE=ADDRESS-COUNTER 3SET X& 3
10 ‘
11 00000000, YYE® OO7FFFFB. DAND 00000000, i 22
12 7FFFFFFF. YYQ CQO7FFFF8. DAND OQ7FFFF8. 2 22
13 12345678. YYR OO7FFFF8. DAND 00345678. 3 2Z
14 EDCBA987. YYQ OO7FFFFB8. DAND 004BAY80O. 4 22
15 DECIMAL
SCREEN #41
0 ." TEST NEXT ADDRESS REGISTER VIA DECODE" CR
1 HEX
2 1+ YYR O :3: DEST=FLAGS ;SET -1. X! ( Mask interrupts )
3 i :: DEST=DLO ;SET X!
4 ( Automatically clk into counter during decode )
S 2 s: DECODE SOURCE=DLO DEST=RAM s DO
& 3z SOURCE=DLO DEST=RAM : ;D0 CYCLE
7 4 :: DECODE SOURCE=DLO DEST=RAM 3 DO
8 S s SOURCE=DLO DEST=RAM g DO CYCLE
9 & :: SOURCE=ADDRESS~-COUNTER ;SET X@& 3

10

11 00000000. YYR QO7FFFF8. DAND 00000000, i 22
12 7FFFFFFB. YYR OO7FFFF8. DAND OO07FFFFB. ) 2 ZZ
13 12345678. YYR OQQ7FFFF8. DAND 003454678, S ZZ
14 EDCBA980. YYR QO7FFFF8. DAND O004BAY80. 4 ZZ
15 DECIMAL

SCREEN #4342

O ." TEST INSTRUCTION LATCH &% CALL/EXIT RITS VIA DEST=" CR
1 HEX MATH
. 2 : YYS =» DEST=FLAGS ;SET B80O00OO0O. X! ( Mask interrupts )
2 >> DEST=DECODE 3;SET X!
4 >» SOURCE=MFLC ;SET X@ ; .
-t
6 DO0O0000O. YYS FFBOOQOOZ. DAND QOOO0000, i ZZ
7 FFFFFFFF. YYS FF800003. DAND FF800003. 2 ZZ
B8 12345679. YYS FF800003. DAND 12000001, > ZZ
9 EDCBAY8&6. YYS FF8Q00O03. DAND EDB0OQ002. 4 22
10 80000000, YYS FFBOOOO3I. DAND 80000000, S ZZ
11 40000000, YYS FFBOO0O03. DAND 40000000, & ZZ
12 20000000, YYS FFBOOOOI. DAND 20000000, 7 72
13 DECIMAL
i4

13

SCREEN #43 . .
0 ." TEST INSTRUCTION LATCH % CALL/EXIT BITS VIA DECODE" CR

1 HEX

2 : YYT O :: DEST=FLAGS ;SET —-1. X! ( Mask interrupts )
3 1 :3 DEST=DLO ;SET X!

4 ( Automatically clk into counter during decode )
S 2 :: DECODE SOURCE=DLO DEST=RAM ;DO

&6 3 s SOURCE=DLO DEST=RAM ;DO CYCLE

7 4 :: SOURCE=MPC ;SET X& ; ,

8

9 00000000, YYT FBQO0OOO3. DAND 00000000, i Z2Z
10 FFFFFFFF. YYT F8000003. DAND F8000003. 2 ZZ
11 12345679. YYT . F8000003. DAND 10000001, I ZZ
12 EDCRA98&6. YYT F8000003. DAND EBOO0002, 4 1z

13 DECIMAL

(2]
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14

15

SCREEN #44 _

0 ." TEST MICROFPROGRAM COUNTER -- LOAD/READ" CR

1 HEX

2 ¢ YYU O :: DEST=FLAGS ;SET -1. X! ( Mask interrupts )
3 1 :: DEST=DLO ;SET X!

4 2 :: DECODE SOURCE=DLO DEST=RAM JMP=000 ;DO

S 3 3 SOURCE=DLO DEST=RAM JMP=000 ;DO

6 4 :: DECODE SOURCE=DLO DEST=RAM JMP=000 ;DO

7 5 3: SOURCE=MPC ;SET X@ ;

8

g 00000000. YYU OOOFFB800. DAND Q0000000. 1 22
10 FFFFFFFF. YYU OOOFF800. DAND OOQOFFB800. 2 22
11 1234567%9. YYU O0QOOFF800. DAND 00012000. S 22
12 EDCBAY846. YYU OQOOFFBOO. DAND O00EDS8O0V, b 4 727
13 DECIMAL

14

15
SCREEN #45 : -

0 ." TEST MICROFROGRAM COUNTER —-— INCREMENT" CR

1 HEX

2 : YYUA O :: DEST=FLAGS $1SET ~1. X! ( Mask interrupts )
A 1 :: DEST=DLD ;SET X!

4 2 :: DECODE SOURCE=DLO DEST=RAM JMF=000 ;DO

S R SOURCE=DLO DEST=RAM JMF=000 ;DO

6 4 :: DECODE SOURCE=DLO DEST=RAM JMF=000 ;DO

7 6 :1: INCEMFPCI ;DO & :: ;DO

8 & :: SOURCE=MFC ;SET X@ j

?

10 0O000000. YYUA CQOOFFB800. DAND 00000800, 1 22
11 FFFFFFFF. YYUA CQOOQOFFBQO. DAND 0O0FB000. 2 22
2 123454679. YYUA OQOOFFB00O. DAND 00012800. 3 2Z
13 EDCBA986. YYUA OQOOFF800O. DAND OOQEEQOQU. 4 27
14 DECIMAL

15
SCREEN #4646

O ." TEST INTERRUFPT INSTRUCTION LATCH & CALL/EXIT BITS" CR

1 HEX

2 ¢+ YYV O :: DEST=FLAGS 3SET 40000000, X! { UN-Mask interrupts )
3 1 :: DEST=DLO ;SET X!

4 ( Automatically clk into counter during decode )
S 2 :: DECODE SOURCE=DLO DEST=RAM ;DO

6 3z SOURCE=DLO DEST=RAM ;DO CYCLE

7 4 :: SOURCE=MFC ;SET X@ j; .

8

9 00000000. YYV FB8000003. DAND 00000000, 1 22
10 FFFFFFFF. YYV FB0Q00003. DAND 00000000, 2 22
11 12345679. YYV FB0O00003I. DAND 00000000, 3 22
12 EDCEA98&. YYV F8000003. DAND 00000000, 4 21
13 DECIMAL

14

1S .

..

SCREEN #47 \

0 ." TEST CARRY CONDITION CODE" CR SN

1 HEX >

2 : YYW © :: DEST=FLAGS ;SET -1. X! { Mask interrupts )
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3 i s: ALU=B  DEST=DHI ;SET X!
4 2 53 ALU=A+E DEST=DHI §SET X
5 & 1z JMP=00C  SOURCE=MFC ;SET X&
6
7 10. 20. YYW 00000700. DAND 00000100, i 22
B -10. =20. YYW 00000700. DAND  000Q0000. 2 ZZ
9
10
11 DECIMAL
12
13
14
15

SCREEN #48 B ’
0 " TEST ALU=0 CONDITION CODE" CR

1 HEX
-2 35 YYX O z: DEST=FLAGS ;SET ~-1. X! ( Mask interrupts )
z 1 s: ALU=B DEST=DHI 3SET X!
4 6 3 JMP=012Z SOURCE=MFC 3;SET X& 3 )
-t
1) 10, YYX QOO00700, DAND QOOOO300, i 22
7 Q.  YVYX OOO0OO700. DAND 00000200, 2 7Z
8
9
10 DECIMAL
i1
iz
13
14
15
SCREEN #49
0 . TEST ALU SIGN CONDITION CODE" CR
1 HEX
2 ¢ YYY O :: DEST=FLAGS ;SET -1. X! ( Mask interrupts )
3 i :: ALU=B DEST=DHI ;SET X!
4 6 z: JMP=108 SOURCE=MPC ;SET X@ ;
S
& BOOOO0O0O.  YYY 00000700. DAND 00000500, i ZZ
7 00000000, YYY 00000700, DAND 00000400, 2 22
8
9
10 DECIMAL
i1 '
12
13
14
135

SCREEN #50
0 ." TEST DLO SHIFT DUT LOW BIT CONDITION CODE" CR

i HEX o w .
2 : YYZ O :: DEST=FLAGS ;SET -1i. X! { Mask interrupts )
3 1 :: DEST=DLO 3SET X!

4 2 s ;DO

S 6 3¢ JMP=11L SOURCE=MPC ;SET X& g

&

7 1. -YvZ 00000700. DAND 00000700, 1 ZZ

8 0.

YYZ 00000700, DAND 0000060, 2 27
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Q9
10
11 DECIMAL
12
13
14
15

SCREEN #8&1 : : _
© \ FRIMITIVE TO FORM 32-BIT PATTERN FROM A& O..4K #
1 HEX
.2 \ Repeat the 12 bits to form full 32-bit pattern for RAM testing

T CODE 4KWD ( N=0..4K =-3» DFATTERN )

4 AX FOF  EX , AX MOV CX , AX MOV ,

5 BX , 1 SHL EX , 1 SHL BX , 1 SHL EX , 1 SHL
6 AH , EL OR

7 CX , 1 SBHR €CX , 1 BHR CX , 1 SHR CX , 1 SHR
8 CH , AL MOV '

9 AX FUSH CX PUSH

10 NEXT JMF END-CODE

11 DECIMAL

13

14

SCREEN #52
." TEST MRAM " CK

<

1 HEX .

2 ¢ WwWA 1000 O DO I 4KWD I MRAM!

3 I OFF AND 0= IF ." !" THEN LOGP
4 CrR 1000 O DO I MRAME I 4kWD 1 ZZ

S I OFF AND O= IF ." @" THEN LOOP
b CR 1000 O DO I OFFFF XOR 4KWD I MRAM!

7 I OFF AND O= IF ." " THEN LOOP
=] CR 1000 0 DO I MRAME I OFFFF XOR 4KWD I Z2Z

Q? 1 OFF AND 0= IF .* @" THEN LOOP ;
10

11 O DISP-FASS ! WWA 1 DISP-PASS !

12 CKR

13 12345678. 0 MRAM! 0 MRAME 12345678, 999 ZZ

14

15 DECIMAL
SCREEN #53 \

0 ." TEST DATA STACK —--1" CR .

1 HEX »

2 : WWE ( Ddata addr -> ) QO :: DEST=DF ;SET 0O X!

3 :: DEST=DS ;SET X! 3

4 : WWC ( addr -> Ddata ) O :: DEST=DP ;SET O X!

S s: SOURCE=DS ;SET X€ ;

& ¢ WWD 1000 0 DO T 4KWD I WWB

7 I OFF AND 0= IF ." '™ THEN LOOP
8 CR 1000 O DO I WWC I 4KWD 1 2ZZ

9 I OFF AND 0= IF ." @" THEN LOOP 3
10 :

11 0 DISP-PASS ! WWD 1 DISP-FASS !

12 CR N

13 12345678. O WWE O WWC 12345678, 999 21

14 ‘

15 DECIMAL
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SCREEN #54

Q

O MNO WU p) e

10
11
12
13
14

15

_n TEST DATA STACK --2" CR
HEX

: WWE ( Ddata addr -> ) O 2: DEST=DF 3SET O X!

0 s: DEST=DS SET X! 3

: WWF ( addr -> Ddata ) O 2: DEST=DF 3;8ET, O X!

0 :: SDURCE=DS ;SET X@ ;
: WWG 1000 © DO I OFFFF XOR 4EWD 1 WWE

I OFF AND 0= IF ." !" THEN LOOP

CR 1000 O DD I WWF I OFFFF XOR 4KWD I ZZ

I OFF AND 0= IF ." @&" THEN LOOF

0 DISP-FASS ! WWG 1 DISP-PASS !
CR
4546789AB. 0 WWE O WWF 45678B9AR. 999 212

DECIMAL

SCREEN #3535

Q

. " TEST RETURN STACK --1" CR

1 HEX

2 z WWH ( Ddata addr ->) O 22 DEST=RF §BET 0O X!

3 ¢z DEST=RS $SET X! 3

4 3 WWJ ( addr - Ddata ) O z: DEST=RP §8SET O X!

S O 23 SOURCE=RS 3§SET X@& 3

6z WWK 1000 O DO I 4KWD I WWH

7 I OFF AND 0= IF ." !" THEN LOOF
8 CR 1000 O0 DO 1 WWJ I 4kWD I Z2Z

9 I OFF AND O= IF ." @" THEN LOOP
i0 :

11 O DISP-FASS ! WWK i DISP-PASS !

i2 CR

13 123434678. O WWH O WWJ 12345678, 999 ZZ

14 :

15 DECIMAL
SCREEN #3646 \'

0 ." TEST RETURN STACK --2" CR .

1 HEX >

2 ¢ WWL ( Ddata addr =>) O z: DEST=RF ;SET 0 X!

3 :: DEST=RS ;SET X! g

4 : WWM ( addr -> Ddata ) O 2 DEST=RF 3;SET © X!

S 0 :: SOURCE=RS jSET X& 3

& ¢ WWN 1000 O DO I OFFFF XOR 4KWD I WWL

7 I OFF AND 0= IF ."™ ' THEN LOOP
8 CR 1000 O DO I WWM I OFFFF XOR 4KWD 1 ZZ

? I OFF AND O= IF " @" THEN LOOP
10

11 O DISP-PASS ! WWN i DISP-PASS !

i2 CR

13 4546789AB. O WWL O WWM 4567B9AR. 999 ZZ

14

15 DECIMAL

SCREEN #5357

Q

Ja L P e

" TEST EXIT MECHANISM" CR

HEX MATH

O :: DEST=FLAGS :SET -1. X! ( Mask interrupts )
0 :: DEST=RP 3SET 201. X! :

O :: DEST=RS 3;SET 12343678. X! ,

©
9

[

9

o
Y
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Q :: DEST=RF ;SET 2200. X!
O :: DEST=RES §SET 47893453, X!
QO :: DEST=DLO :;SET QO7SASAD. X!
O s SOURCE=DLO DEST=DECODE ;DO
¢ :: DECODE SOURCE=DLO DEST=RAM ;DO
0 22 SOURCE=DLO DEST=RAM ;DO CYCLE
O :: SOURCE=RPFP 3;SET X& OFFF. DAND 201.
O :: SOURCE=RS ;SET X@ 123454678.
DECIMAL

SCREEN #58

O

OOoNOCU -

OvvVvwyYy Vv vy o

." TEST CALL MECHANISHM"

HEX

o~
N
(@]

2.

AV AR VIR VAR VI ¥

DECODE

v

M v v v

CIMAL

SCREEN #39
." TEST RAM -- 18T

CONGCUBEHNN-O

10
11
12
13
14
15

HEX

D+
DEST=RF
DEST=RS ;5ET 1
DEST=FAGE ;SET
DEST=DECODE ;SET
DEST=ADDRESS-COUNTER ;SET

s SET

;DO

;s DO
SOURCE=RFP ;8ET
SOURCE=RS ;SET
DEST RP
SOURCE=RS ;BET

$SET 200.

CR

MATH

: DEST=FLAGS :;S8ET -1.
1‘o8.
200.

CYCLE

: WWF BOOO O DO I

CR 8000 O DO I

CR 8000 0 DO I

CR 8000 ©

0 DISP-PASS !

CR

123454678.

DECIMAL

SCREEN #6460

O

—

N H

[N I RN

-

." TEST RAM EBYTE ALIGNMENT FOR READ"

HEX
: WWO

123454678.
123454678.
12345678,
12345678.

EDCEA987.

0.

RAM!

[AIH

SOURCE=RAM-BYTE ;SET

0.
1.

hed
<

3.

4,

DO 1

WWF

RAM!

WWa
WWQ
WWi
WWE

WWR

2345678.

Xt ( Mask interrupts )

RAM! 7BCDEFB0. 5S6&7C.

X!

RAM!

X!
0. X!
O0000123A. X!
QOO0123A. X!
CYCLE

X@ OFFF.

xe

DAND iFF.
0000123C.
X!

Xe 12345678.

\

32K BYTES " CKR '
>
4k WD
—— IF -Il
ry4
IF ." @"

10
I 3FF ' THEN
I

0 RAMe

I 3FF
OFFFF XOR

1 3FF

0 RAM@ I

1 3FF

AND O=
4KWD 1 O RAM!

AND 0= IF ." !" THEN
OFFFF XOR 4KWD I 22
AND O= IF ." @" THEN

THEN

1 DISP-PASS !

N

0. RAM@ 123484678. 999 2Z

CR

X@ 3

00000078.
00000024.
QOQONO12.,

L B

00000087,

T

H b

1 22
2 227

22
2z

ZZ

/L00F

/L00P

/LO0F

/LO0P
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11 EDCEA987. S. WWE  O000000AT.
12 EDCBAY87. &. WWR  OO000OCE.
13 EDCRBAY87. 7. MWD  OO00OOED.

14 .
15 DECIMAL

SCREEN #61
O ." TEST RAM BYTE ALIGNMENT FOR WRITE" CR
1 HEX MATH
2 ¢ WWR ECDEAFCE. DOVER RAM! ( Set testing background )
= G :: DEST=RAM-BYTE 3SET DSWARP X!
4 RAME
S
6 4T212435. 0. UWWR ECDBAF3S. 1 27
7 43.: 435, 1. WWR  ECDB3SCB. 2 72
8 432 -7, <. WWR EC3SAFCB. 3 ZZ
9 432: : WWR 3SDBAFCB. 4 77
10
11 432124CA. 4. WUWR ECDBAFCA. © 122
12 432124CA. S. WWR ECDECACB. & 27
13 432124CA. &. WWR ECCAAFCE. 7 212
14 432124CA. 7. WWR CADBAFCB. B8 IZ
15 DECIMAL
SCREEN #62
0 \ TESTING 32-RIT FETCH AND STORE IN PROPER ROARD BYTE ORDER
1 HEX ®
2 CODE XD! ( D ADDR -» )  \ Stores in lo..hi byte order
3 EX FOF DX FOPF AX FOP
4 [EX1 , AL MOV i [BX1 , AH MOV
S 2 [BX1 , DL MOV 3 [BX1 , DH MOV
6 NEXT JMP END-CODE
7
8 CODE XD& ( ADDR - D) \ Fetches in lo..hi byte order
9 EX FOP ,
10 AL 4 O [BX]1 MOV AH 4 1 [BX]1 MOV
11 DL , 2 [BX1 MOV DH 4 3 [BX1 MOV
i2 AX FUSH DX FUSH :
13 NEXT JMP END-CODE
14 DECIMAL
1S
SCREEN #5467
O " TEST RAM DMA WRITE " CR
1 HEX
-2 2 WWS RESET-EOARD O DISF-FASS !
3 500 O DO 12745678. 1 O 1230, RAM! 4 /LOOF
4 CrR 500 4 DO T 4KWD I FAD + XD! 4 /LOO0F,
5 FaD 4 + 1274, 100 W-:>ROARD
& CR 404 4 DO I O 1230. D+ RAME 1 4KWD I 7z
7 4 /LDOF
8 1 DISF-FASS !
9 -4, 1234. D+ RAME& 123454678. O 22
10 404, 1234, D+ RAME 12345478, 404 IZ
11 408, 1234. D+ RAME 12348478, 408 17
12 WWS
13 : WRITE-LOOF EBEGIN WWS 7?TERMINAL UNTIL 3
14 DECIMAL

15

5,053,952

6 22
7 22
8 72
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SCREEN #64

." TEST RAM DMA READ " CR

HEX

: WWT RESET—-BOARD 0 DISP-PASS !

SO0 O DO 12345678, PAD 1 +

CR 400 0 DO I 4KWD 1 O 2350.
2350. PFAD 4 + 100 BOARD->W
CR 400 0 DO PAD I + 4 + XD@
1 DISP-FASS !
FAD O <+ XDe@
FAD 404 + XD@

10 FAD 408 + XDe@

WWT

READ-LOOP BEGIN WWT ?TERMINAL UNTIL

##R BEGIN RESET-BODARD 2350. PAD 4 +

?TERMINAL UNTIL j DECIMAL

D+

12345678.
23454678.
123454678.

-1
404
408

7
22
27

VONOUBLdE T

-

(=Y
N

13
14

15

SCREEN #65
O : ##W BEGIN RESET-BOARD FPAD 4 +
TTERMINAL UNTIL 3 DECIMAL

2350,

0(D<J&Iﬁ$-HfJH

SCREEN #6646
© ." TEST RAM DMA WRITE/READ " CR

XD!
RAM!

I 4KWD I

326

4 /LOGF
4 /LO0OF

ZZ 4 /L00FP

100 BOARD->W

\

100 ‘W->BOARD

1 HEX
2 : WWW RESET~EOARD ¢ DISF-FASS !
3 SO0 O DO I 4KWD I FAD + XD! 4 /LOOF
3 FAD 4 + 3320, 400 W-3>BOARD ,
5 I320. FAD 1B + 400 BOARD->W
6 400 4 DO FAD I + 14 + XDE 1 4kWwD 1 2Z 4 /LOOF
7 1 DISF-FASS ! ;
8 WWW CR ." FASS"
9 DECIMAL
10 : R/W-LOOF EEGIN WWW ." ." ?TERMINAL UNTIL ;
11
12
13
14
15
SCREEN #&7

M)
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SCREEN #68

-
S QOO U bR e O

[y
[

-
8]

i3

14

15

SCREEN #59
QO

00N O U s ) e

SCREEN #70
O \ Word to zero RAM in anticipation of a ram test

: HI-ADDR FIRST 100 — 3
s FLUSH-RAM
WORD-AL IGN
HI-ADDR FAD S50 +
po 0 I!
4 +LOOP

Plee O QWO D N -

(=t A pet
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O \ MASTER " ITE/READ RAM TEST

1 HEX

329 330
13
14
15
SCREEN #71
O \ ADDRESS WRITE/READ RAM TEST
1 DECIMAL VARIABLE FX
» : ADDR-RW-TEST ( -3 ) SAVE-RUFFERS 0 FX !
3 CR ." ADDRESS STORAGE RAM TEST"
4 HI-ADDR 3 OR 3 XOR  FAD 3 OR 3 XOR
5 DO 1 NEGATE 1 !
6 I @ NEGATE DUP I = NOT
7 IF CR ." FAILURE A ADDR=" I . ." VALUE=" U. 1 FX !
8 KEY 13 = AEORT" ABORTED" ELSE DROP THEN
9 4 /LOOP
10 HI-ADDR 3 OR 3 XOR PAD 3 OR 3 XOR
11 DO 1 @ NEGATE DUP 1 = NOT
12 IF CR ." FAILURE B ADDR=" I . ." VALUE=" U. 1 FX !
13 KEY 13 = ABORT" ABORTED" ELSE DROP THEN
14 4 /LOOF EMPTY-BUFFERS ;
1S : zZ BEGIN FLUSH-RAM ADDR-RW-TEST ?TERMINAL FX @ OR UNTIL ;
SCREEN #72
O \ ADDRESS WRITE/READ RAM TEST
1 HEX
"2 : VAL-RW-TEST ( VALUE -» ) SAVE-BUFFERS
3 CR ." VALUE STORAGE RAM TEST  VALUE=" DUF U.
a HI-ADDR 3 DR 3 XOR  FAD T OR 3 XOR .
5 DO DUF I ! (I 70000 = IF ." 70000" THEN )
6 4 +L0OF
7 HI-ADDR 3 OR 3 XOR FAD 3 OR 3 XOR
8 DO 1 NOF @ NOF DDUF = NOT '
Q IF CR ." FAILURE B ADDR=" I U. ." VALUE=" DUF U.
10 KEY OD = ABORT" ABORTED" ELSE DROP THEN
11 4 +LOOF DROF EMFTY-BUFFERS 3
12
13 DECIMAL
14
15
SCREEN #73
0 \ MASTER WRITE/READ RAM TEST
1 HEX
2 : CHECK ?TERMINAL AEBORT" BREAK" 3
3 : RAM=-TESTA ( => ) HEX
4 ADDR~RW-TEST CHECK
5 1 VAL-RW-TEST CHECK 2 VAL-RW-TEST CHECK
6 4 VAL-RW-TEST CHECK 8 VAL-RW-TEST CHECK
7 10 VAL-RW-TEST CHECK 20 VAL-RW-TEST CHECK
8 40 VAL-RW-TEST CHECK 80 VAL-RW-TEST CHECK
9 100  VAL-RW-TEST CHECK 200 VAL-RW-TEST CHECK
10 400 VAL-RW-TEST CHECK 800  VAL-RW-TEST CHECK
11 1000 VAL-RW-TEST CHECK 2000 VAL-RW-TEST CHECK
12 4000 VAL-RW-TEST CHECK 8000 VAL-RW-TEST CHECK
13 0000 VAL-RW-TEST CHECK FFFFFFFF VAL-RW-TEST CHECK
14 55555555 VAL-RW-TEST CHECK  AAAAAAAA VAL-RW-TEST CHECK
15 DECIMAL 3 DECIMAL
SCREEN #74
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2 : RAM-TEST ( -» ) RAM-TESTA
I . ADDR-RW-TEST CHECK
4 10000 VAL-RW-TEST  CHECK
5 40000 VAL~-RW-TEST  CHECK
& 100000 VAL-RW-TEST  CHECK
7 400000 VAL-RW-TEST  CHECK
8 1000000 VAL-RW-TEST  CHECK
9 4000000 VAL-RW-TEST  CHECK
10 10000000 VAL-RW-TEST  CHECK
11 40000000 VAL-RW-TEST  CHECK
12 DECIMAL ;
13 DECIMAL
14
15

SCREEN #7535

O \ REFEAT R

1 DECIMAL

cT

-2 : REFEAT fAM-TEST

VDN WMy

SCREEN #76
O

P e ped b ped .
PR FURE S BTN o AN I BN o ol ) I 3% N I

e
w

SCREEN #77

NOGES e O

REFS © DO CR CR

HEX

20000
80000
200000
800000
12000000
8000000
20000000
80000000

" RAM TEST #" 1 .

RAM-TEST

LOOP

332

VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST
VAL-RW-TEST

~ao

)

CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK
CHECK



5,053,952
333 334
8
=)
10
11 _
12 .
13
14
15

SCREEN #78

NOoNOU B = O

SCREEN #79

SN NMDAUN=-C

SCREEN #80
\ MICROCODE TESTING DO LOOF
DECIMAL
: XLOgP
12348
REPS O DO O 200000 -100000 DO
1+ LOOF
DUF 300000 = NOT IF . 1 ABORT" LOOPA"
ELSE DROP THEN
L't PTERMINAL IF  ABORT! BREAK"™ THEN LOOP
CR. ..+« CR3

SONOCULUWUKN-O

-
[l &)

XLOOP

[ =
BPUDN
rd

[
&)
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SCREEN #81 : o :
O \ MICROCODE TESTING DOVAR DOCGN
1 DECIMAL
.2 127454678 CONSTANT CONA
3 VARIAEBLE VARA
4 1
S ¢ XVARCON
& 12545
7 REFS © DO #TIMES O DO
8 CONA I + VARA 1 VARA @ I - CONA = NOT
] IF 1 ARDRT" DOVAR/DOCON" THEN
10 0 VARA !
11 LOOF ." " 2TERMINAL IF 1 ARDRT" RREAK" THEN LOOP
12 CR « . « =« o CR 3
13
14 XVARCON
15 :
SCREEN #82
0 \ MICROCODE TESTING ARORT"
1 DECIMAL
2 ¢ XABORT
3 12345
4 REFS © DO #TIMES O DO
5 1 NOT ABORT" ABORTA"
& o] ABORT" ABORTB"
7 LOOF ." ." P2TERMINAL ABORT" BREAK" LOOF
B CR . « « =« = CR 3
9
10 XARORT
11
12
13
14

15

SCREEN #83

0 \ MICROCODE TESTING =

i DECIMAL

23 X=

3 i 23425

4 REPS © DO HTIMES O DO

5 I I = NOT ABORT" =A"

& ) I i+ = ' ABORT" =C"

7 LOOF . " 2TERMINAL ABRORT" BREAK" L.00P
8 CR : « = « o CR 3

4 .
10 X=
i1
i2 :
i3
i4
iS

SCREEN #84

O N MICROCODE TESTING + -

i DECIMAL ‘

-2 os X+-

3 123 4%

4 REFS © DO #TIMES O DO , .
S 12347456 S6787654 + 69131110 = NDT  ABORT" +A"
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& -1 1+ 0 = NOT ARORT" +E"
7 123446545 56782345 — —44435800 = NOT  ARORT" —-A"
8 0 A 1 - -1 = NOT ABORT" -E"
9 LOOF ." ." T?TERMINAL ARORT" BREAK" LOOP
10 CR« .. .. CR
11
12 X+-
13
14
15
SCREEN #8S

O \ MICROCODE TESTING +1

1 DECIMAL

2 VARIABLE VARE

3 X+!

4 123465

5 REFS © DO 12345478 DUP VARE ! #TIMES 0 DO
b I + I VARB +!

7 DUF VARB @ = NOT AEBORT" +!"

8 LOOP DROP ." ." 2?TERMINAL AEORT" EBREAK" LOOP
9 CR. .. .. CR
10 :
11 X+!
12
13
14
15
SCREEN #86

0 \ MICROCODE TESTING -ROT

1 DECIMAL

2 : X-ROT

'3 123465 :

4 REFS O DO #TIMES O DO

5 1 1 3 -ROT

& 1° = NOT ABORT" -ROTA"

7 1 = NOT ABORT" -ROTB"

8 J = NOT ABORT" -ROTC"

9 LOOF ." ." 2TERMINAL ARORT" BREAK" LOOP
10 CR«. . « 4+« . CR 3
11 .
12 X-ROT N
13 :

14
15

SCREEN #87

O \ MICROCODE TESTING ROT

1 DECIMAL

©2 ¢ XROT

3 1 2345 _

.3 REFS © DO C#TIMES © DO .
5 J 1 123454678 ROT

6 J = NOT ARDRT" ROTA"

7 2345678 = NOT ABORT" ROTE"

8 1 = NOT ABORT" ROTC"

9 LOOE ." .“  STERMINAL ARORT" BREAKY LOOF
10 CR . « « « « CR 3 -

11

XROT

-
)
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13 v
14 .

15
SCREEN #88

O \ MICROCODE TESTING O OERANCH - BRANCH

i DECIMAL

2 X0

3 123 495

4 REFS 0 DO #TIMES © DO

S O IF 1 ABORT" OBRANCH" THEN

é i IF ELSE 1 ARORT" EBRANCH" THEN

7 LOCOP ." " P?TERMINAL ARORT" BREAK" T LOoR

8 CR . - o =« = CR 3

9

10 X0

11

i2

13

14

15

SCREEN #89

O\ MICROCODE TESTING i+ 1= 2

1 HEX

2 3 X1

3 12345

4 REFS O DO #TIMES © DO

5 7FFFFFFF 1+ 80000000 = NQT AERORT" 1"
& FFFFFFFF 1+ ARORT" 1+"
7 QOQOOO00 1- FFFFFFFF =  NOT ABORT" i1i-“
8 IFFFFFFF 2% 7FFFFFFE = NOT ABORT"- 2%"
Q Logr " " 2?TERMINAL ABORTY" BREAKM LOoF

10 CR . « = » o« CR 3

11 DECIMAL

i2 Xi

13

i4

13 i i
SCREEN #90

O \ MICROCODE TESTING <
1 DECIMAL

Do X4

= 1 23245 )

4 REFS © DO #TIMES O DO
S 11 1+ NOT ARORT" <A"

& 11 “ ARORT" <RBR"

7 LOOF " " TERMINAL AEBORT" EBREAE"Y LODF
8 CR « = « « =« CR g

9

10 X

i1

12

12

14

ECREEN #%91
O \ MICROCODE TESTING DO +LOQF
1 DECIMAL



5,053,952

41 342
2 : X+LOOF
3 12345
4 REFS @ DO © 200000 —-100000 DO
5 1+ I +LOOP
6 100000 = NOT AEORT" +LOOFA"
7 ." ." ?TERMINAL ARORT" EREAK" LOOF
8 CR « « « « « CR
9
10 X+LOOF
11
12
13
14
15

SCREEN #92
0 \ MICROCODE TESTING I 1I' g

1 HEX

2 XIIJ

3 1 23 48

4 REFS O DO #TIMES ¢ DO

S 11111111 22222222 JITIZITIT AR R SR Jd I 1
& R> = NOT ABORT" 1I"

7 ‘R> = NOT ABORT" I°"

8 R> = NOT ARORT" J*

Q LOOF ." " 2TERMINAL AERORT" EBREAK" LOOF
10 CR. .. . . CR 3 :

i1

12 DECIMAL

13 XI1I1J

14 '

15

SCREEN #%3

¢ \ MICROCODE TESTING O

1 DECIMAL
T2 X0

3 1 2343

4 REFS O DO #TIMES 1+ 1 DO

b I 0 AERORT" O<A"
& I NEGATE ¢+ NOT ARORT" O«R"
7 LOCF ." " T2TERMINAL ARORT" EREAK" LOOF
8 CR « « « «» « CR ;

9

10 X0

11

12

13

14

15
SCREEN #94

0 \ MICROCODE TESTING AND OR XOR
i HEX

2 100 ALLOT

: XAOX
12345
REPS O DO #TIMES O DO
QSAFOSAF SAFOSAFO  AND OOAOOOAD
OSAFOSAF SAFOSAFO  OR SFFFSFFF
OSAFOSAF SAFOSAFO  XOR SFEFSFSF

NOT ARORT" AND"
NOT ABORT" OR"™
NOT ARCRT" XOR"

oNOWU &

wonon
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4 LOOF ." ." 7?TERMINAL ABRORT" BREAKY LLOOP
10 CR = =« « =« « CR 3
11 DECIMAL

12 XAO0X

13

14
15
SCREEN #95

0 \ MICROCODE TESTING pe D!

1 DECIMAL

2 VARIABLE VARC 4 ALLOT

=« XD@&!

4 123 4¢%

5 REFS O DO #TIMES O DO

& I J VAaRC D!

7 VARC D& J = NOT AEBRORT" De!a"

8 . I = NOT AEORT" DE!R"

S LOOF ." ." 2?TERMINAL ABORT" EREAK" LOOF
10 CR o« « « = o CR 3

11

12 XDe!

i3

14

i5

SCREEN #9756 :
\ MICROCODE TESTING D+

I}

1 DECIMAL

Z z 4D+

= 1 2245

4 FREFS © DO #TIMES 1000 - ~1000 DO ,
S 11" J1 D+ J I I 1° D+ \ Test for consistency
& ROT = NOT ARORT" D+A"

7 = NOT ARORT" D+B"

8 LOooP " o' PTERMINAL ARORT" EREAK" LLOOF
? CR . = =« « o« CR 3

10
11 XD+

12
13

14
15

SCREEN #97

O \ MICROCODE TESTING DSWAF - DDROP DDUP

1 DECIMAL

2 z XDD

" 123 43

4 REFS © DO #TIMES O DO

S I 1 100 + 1111 2222 DSWAF DDUP

& I 100 + = NOT AERORT" DDA I = NOT ABORT" DDB"
7 DSWAF DDROF

8 1 100 + = NOT ARORT" DDC" I = NOT ABORT" DDD"
Q LOOF " " PTERMINAL ABORT" BREAK" LOOP

10 CR « = =« - = CR 3

11

12 XDD
13

14

15
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SCREEN #98 \
0 \ MICROCODE TESTING DUFP DROP SWAP OVER
i HEX »
2 : XDDSO
3 12345
4 REFS ¢ DO #TIMES ¢ DO
S 1 -1234 OVER SWAP DROFP
b6 = NOT ABORT" DDSO"
7 LooFP ." ." 2TERMINAL ABORT" BREAK" LOOP
8 CR &+ « = « = CR 3
9 DECIMAL
10 XDDSO
i1
12 :
13
14
15
SCREEN #99
O \ MICROCODE TESTING NEGATE NOT
1 HEX
2 = XNN
= 1 23 4°5
4 REFS © DO #TIMES O DO )
S O NEGATE ARORT" NEGATEA"
& -56789876 NEGATE 96789876 = NOT ABORT" NEGATER™ .
7 12741267 NEGATE —-12341267 = NOT ABORT" NEGATEC"
8 I 1+ NOT NOT NOT AERORT" NOTA"
9 Q NOT NOT ABORT"™ NOTE"
10 LOOP .M ." TZTERMINAL ARORT" BRREAK®" LOOF
11 CR . « « « . CR 3 :
12 DECIMAL
17 XNN
14
15
SCREEN #100
O \ MICROCODE TESTING TOGGLE
1 VARIAERLE VARF
2 HEX
I+ XTOGGLE
4 1 23 4%
S REFS O DO S6781234 DUF VARF ! #TIMES O DO
1) I OFF AND XOR VARF I TOGGLE
7 DUF OFF AND VARF C& = NOT ARORT" TOGGLE"™
8 LOOF DROFP ." ." 2?TERMINAL ABORT" BRREAK" LOOP
9 CR « « « « . CR j
10 DECIMAL
i1
12 XTOGGLE
13
i4
15
SCREEN #101 o \
O \ MICRDCODE TESTING U» v
1 HEX ’
2 3 XU*
3 1 23 45
4 REFS O DO #TIMES 1000 - -1000 DO
S

I J U= J I U \ Test for consistency
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b RGY = NOT ARORT" UxA"
7. = NUT ABORT" U=E"
8 LOOF ." ." 2TERMINAL ABORT" EBREAK® LOOP
9 CR « « o« « « CR 3
10 DECIMAL
11 XU* .
12
13
14
15
SCREEN #1072
G \ MICROCODE TESTING RRC
1 HEX
"2 : XRRC
T .12345 .
a REFS O DO #TIMES O DO .
S 01 FRRC O = NOT ABORT" RRCA" 80000000 = NOT ARORT" RRCE"
& 1 0 RRC -1 = NOT ARORT" RRCC" © = NOT ARORT" RRCD"
7 100 © RRC © = NOT ABORT" RRCE" 82 = NOT ARORT" RRCF"
8 LOOF ." ." 9TERMINAL AEORT" EREAK" LOOF
9 CR . = « » « CR 3
' 10 DECIMAL
11 XRRC
12
14
15
SCREEN #103
O \ MICROCODE TESTING RLC
1 HEX
2 : XRLC
= 12345
4 REFS O DO . #TIMES O DO
5 0 1 RLC 0 = NOT ARORT" RLCA" 1 = NOT ABORT" RLCE"
6  8000OOOO O RLC -1 = NOT ABORT" RLCC" O = NOT ABORT" RLCD"
7 80 O RLC 0 = NOT ABORT" RLCE" 100 = NOT ARORT" RLCF"
8 LOOF ." ." 7?TERMINAL ABORT" BREAK" LOOP
9 CR .« . « « o« CR 3
10 DECIMAL :
11 XRLC
12
13
14
15 “
SCREEN #104 \
0 \ MICROCODE TESTING ADC IMP=xxCA
1 HEX N
2  XADC
3 12345
4 REFS O DO #TIMES O DO :
s 00 1 ADC © = NOT ARORT" ADCA" i = NOT ABORT" ADCE"
6 1234 5478 0 ADC O = NOT ABORT" aDCC"
7 6BAC = NOT AEORT" ADCD" ‘
8 FFFFE234 S678 1 ADC -1 = NOT ABORT" ADCE"
9 38AD = NOT ABORT" ADCF"
10 1235 FFFFEDCE O ADC -! = NOT ABORT" ADCG"
11 = NOT ABORT" ADCH"
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12 LOOP ." ." 7TERMINAL ABORT" BREAK" LOOP
13 CR . .« «'« CR
14 DECIMAL
15 XADC
SCREEN #105

O \ MICROCODE TESTING WORDSWAF % BYTE-ROLL

1 HEX
.2 : XBS

I 12345

a4 REFS O DO #TIMES O DO ‘

] 12345678  WORDSWAF 54781234 = NOT ARORT" WORDSWAP"

s 12345678  BYTEROLL 78123456 = NOT ARORT" EBYTEROLL™

7 LOOF ." ." 7?TERMINAL AEORT" EREAK" LOOF

8 CR « « « » « CR 3

9 DECIMAL
10 XES
11
12
17
14

15

SCREEN #106

O \ MICROCODE TESTING »R R&@ R>

1 HEX

2 : XRRR

3 12345

4 REPS O DO #TIMES 0 DO

5 12345678 98746ABCD >R 12345678 = NOT ABORT" >R"

6 RE 9876ABCD = NOT ABORT" Re"

7 42345678 K> -~ 9876ABCD = NOT ABORT" R>A"
8 42345678 = NOT' AEORT" R>B"
9 LOOF ." . 2TERMINAL AEORT" EREAK" LOOP

10 CR « « « » « CR

11 DECIMAL

12 XRRR

13

14

15

SCREEN #107

O \ MICROCODE TESTING u/MoD
1 HEX
2 3+ X-UM
3 12345
4 REFS O DO #TIMES 1000 - -1000 DO
S I' 1 I J+ U/MOD I‘'I 1 J + U/MOD
& ROT = NOT AERORT" U/MODA"
7 = NOT ABORT" U/MODB"
8 LOoOFP ." ." 2?TERMINAL ABORT" BREAK" LOOFP
9 CR.. ... CRj
10 DECIMAL
11 X-UM
12
13
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SCREEM #108 -
O \ MICROCCDE TESTING LIT

2345
REFS O DO #TIMES O DO

111111 1131111 22232222 2222222
NOT AEORT" LITA" '
NOT ABRORT" LITE"
NOT ABORT" LITC®
NOT ARORT" LITD"

nnoun

[ e
o O
nr
0o

=]
o

s o » o CR 3

3 DFCIMAL
14 XL T

SCREEN #1072

352

. 4
pereyeRer T eTOT R
RIRIRICIRIIR IR

M " PTERMINAL ARORT" EBREAK" LOOF

\ Leave stuff

from stack

0 \ MICROCODE TESTING <PICK>

1 DECIMAL

2 : X-PICK

3 12345 :

4 i REPS DO 1 NEGATE -1 +LOOF

5 REFS i+ 1 DO #TIMES O DO

6 J PICK J NEGATE = NOT  AEBORTY <FICK>"
7 LOOF ." ." 7?TERMINAL AERORT" BREAK" LOOF
8 REFS O DO DROP LOOF  \ Take stuff

C CR. .. « . CR;

10 -

11 X-FICK

12

13

14

SCREEN #110

0 \ MICROCODE TESTING ROLL

1 DECIMAL

2 : X-ROLL

3 2345

4 REFS O DO. #TIMES O DO

S 1 0 J -1 4 ROLL

6 I = NOT  AEORT" <ROLL>A"
7 -1 = NOT AEORT" <ROLL>D"
8 J = NOT  ABORT" <ROLL>C"
9 0 = NOT  ABORT" <ROLL>B"
10 LOOP ." ." 7TERMINAL AEORT" BREAK" LOOP
11 CR . « « « « CR 3

12

13 X-ROLL

14

15
SCREEN #111

o \ MICROCODE TESTING ?DUF

1 DECIMAL

2 : X-CODUP

3 12345

4 REFS © DO #TIMES O DO

5 1. 0 7DUF  AEORT" ?DUFA" I

'

= NC ARORT"

A484848 L4444

on stack

?DUFE"
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& 13131 I 1+ ?DUF
7 I 1+ = NOT ARORT" 7DUFC" I 1+ =
8 13131 = NOT ARORT" ?DUFE"
9 LooFP " ." 7?TERMINAL ARORT" BREAK"
10 CR .. . . .« CR 3
12 X-GDUF
14

15

SCREEN #112
© \ MICROCODE TESTING §->D
DECIMAL
: X-SD
123465

REFS O DO #TIMES O DO

354
NOT AERORT" 7DUFD"

LOOP

-134 S->D -1 = NOT ABORT" S->DC" -134 = NOT ABORT" S->DD"

LOOFP ." ." 2TERMINAL ABORT" BREAK"
CR «. « « « «» CR 3

SCREEN #113
\ MICROCODE TESTING ABS
DECIMAL
: X-ARS
12345
REFS O DO #TIMES O DO
1 AES 1 = NOT AEORT" ABSA"
I NEGATE ABS 1 = NOT ABORT" ABSB"
LOOP ." ." ?TERMINAL ABORT" BREAK"
CR. . ... CR;3

BONOCURUEDO

10 X-AERS

SCREEN #114 :
O N MICROCODE TESTING CHMOVE
HEX
CREATE TEXTD 10 ALLOT CREATE TEXTE 10
: X-CMOVE
1224258
11 TEXTE C! 22 TEXTE 1+ C!
REFS O DO .&#TIMES © DO
O TEXTD !
TEXTE TEXTD 1+ 2 CMOVE

O ONOUL B ) -

10 LOOP ." ." ZTERMINAL ABORT" EBREAK"
11 CR. . : .« .« CR j
12 DECIMAL

b
2
3
4
5 134 §-3>D ABORT" S->DA" 134 = NOT ARDRT" S->DB"
é
7
8
9

LOOP

LOCP

ALLOT

TEXTD @ 00221100 = NOT ABORT" CMOVE"

LOOoP
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1% X-CMOVE
14

15

SCREEN #115
¢ \ MICRDOCODE TESTING 2/

1 DECIMAL

2 X-2/

3 12345

4 REPS O DO #TIMES O DO

5 5 2/ 2 = NOT ABORT" 2/4"

6 -5 2/ -2 = NOT ABOR1" 2/E"

7 -& 2/ =3 = NOT ARORT" 2/C"

8 -1 2/ ABORT" 2/D"

9 1 2/ 1 2/ = NOT ARORT" 2/D"
10 LOOF ." ." <?TERMINAL AEORT" EREAK" LOOF
11 CR « « « « « CR 3

12

13 X-2/

14

15

SCREEN #1164
O \ MICROCODE TESTING e !

1 DECIMAL

2 VARIAELE VARXA

3 s X-@!

4 12345

5 REFS O DO #TIMES © DO

6 1 VARXA ! VARXA @ I = NOT ARORT" '@A"
7 J VARXA ! VARXA @ J = NOT ABORT" !@B"
8 LOOF ." ." 7?TERMINAL ABORT" EREAK" LOOP
9 CR « = « = =« CR 3

10

11 x-@!

12

13

i4

15
SCREEN #117

O \ MICROCODE TESTING DROT

1 DECIMAL

Z : XDROT

I 1 2% 45

4 REFS O DO #TIMES O DO ,

S 11111111111112111, 2222222272222222, IIIIIIIIIII3Z.
& 1111111111111111, D= NOT AERORT" DROTA"

7 TIITITITIEIIZZ. D= NOT  ARORT" DROTE"

8 2R22222222222222. D= NOT ARORT" DROTC"

9 LOOF " ." TTERMINAL ABORT" EBREAK" LOOP
10 CR - « = « « CR 3
11 XDROT
12
13
14
15

SCREEN %#118

O \ MICROCODE TESTING L.SLN
1 HEX '

2 ¢ XLSLN
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3 1 2345

4 REFS O DO 4#TIMES O DO

S 1 OlF LSLN

6 8O0OOO00 = NOT ABORT" LSLN"
7 LOOF - ." " 2TERMINAL ABORT" EBREAK" - LOOP
‘8 CR « « « . « CR j

9

10 DECIMAL

11 XLSLN

12 ’

13

14

15

SCREEN #119
¢ \" MICROCODE TESTING LSRN

1 HEX
Z : XLSRN
3 1 2345
4 REFS O DO #TIMES O DO
5 8FFFOFOF 1F LSRN 1 = NOT ABORT" LSRN"
& LOOP .M " 72TERMINAL ABORT" RREAK" LOOP
7 CR . . .- . CR ;
8 .
@ DECIMAL
10 XLSEN
11 . -
12 N
13
14
15
SCREEN #1200
O \ MICROCGDE TESTING DLSL
1 HEX
T2 ¢ XDLSL
z 123485
4 REFS © DO #TIMES O DO
3 80028001 Q0080004 DLSL
& 20100009 = NQT AEORT" DLSLA"
7 QOOSO002 = NOT ABORT" DLSLE"
8 LOCF ." " 72TERMINAL AEBORT" BREAK" LOOP
9 CR . . .+« . CR
1O DECIMAL
11 XDLSU
1z
14

SCREEN #1221 .
O \ MICROCODE TESTING LSR
1 HEX .
: XLSR
1 2345
REFS O DO #TIMES O DO
84127456 LSR 42091A2EK = NOT ARORT" LSR“
LooFr v ."  2P?TERMINAL ARORT" BREAK" LOOP
CR « « « « « CR 3

N0t
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9 DECIMAL ,
10 XLSK
11
12
13
14

15

SCREEN #122

0 \ MICRDCODE TESTING ASK

1 HEX

Z : XASR

3 1 23 45

4 REFS © DO #TIMES O DO

5 84122443 ASR C2091221 = NOT ARORT" ASRA"

6 44125434 ASR 22092A1A = NOT ARORT" ASRB"

7 LOOF ." ." 2TERMINAL AEBORT" EREAK" LOOF

8 CR« .+« 4« . CR

9 .

10 DECIMAL

11 XASK

13

13

15

SCREEN #1232

O N\ MICROCQDE TESTING < UNORM =

1 HEX

2 ¢ XUNGRM

= 1 2345

4 REFS © DO #TIMES O DO

S 1 10 < UNORMZ

b -0E = NOT AEORT" <UNORMAZ"

7 40000000 = NOT ABORT" <{UNORME>"

8 LOOF ." ." 2TERMINAL ARORT" BREAK" LOOF

g CR . . « . « CR

10 DECIMAL

11 XUNORM
12

1=

14

15

SCREEN #1224

© \ MICROCODE TESTING <UDNORM?2

1 HEX

2 : XUDNORM

3 1 23 45

4 REFS O DO #TIMES © DO

S 1 0 10 <UDNORM>

13 ’ ~2E = NOT ARORT" <UDNORMA>"
7 O 40000000 D= NOT ABORT" <UDNDRMB>"
8 LOOFP . ." T?TERMINAL ARORT" EBREAKY LOOoF
9 CR . . . .« « CR

10 DECIMAL :

11 XUDNORM

13

14

15
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\emonic
ass ALU unchanged) (default)
[ALU]
[ALU]
yL [ALU]

. summary | Mode=1)
=notA
3AnorB
1sed)

0
AnandB

SELE TELECT notB

TION S axorB

)NTI;%L . sed)

ONT T CONTRO jed)

LEXER HIF ?norB

!
BndB
T L

[ON RAW INPU d)

\irB

(default)

#ode=0, CIN=0)

BIT 2
;ocigﬁagsnf%ousmm pITs 1 \)
T-MPC CONTROL: otB+1
‘l"i‘EA%gflESS COUNTER BIT
Micro-
operation
field Value Mnemonic
(arithmetic ALU functions Mode=0, CIN=1)
ALUFx 0 ALU=A+0

1 (unused)

2 ALU=A-B-1

3 (unused)

4 (unused)

5 (unused)

6 ALU=A-B

7 {(unused)

8 (unused)

] ALU=A+B+1

10 (unused)
11 (unused)
12 ALU=A+A+1
13 {unused)
14 {unused)
15 (unused)
CIN 0 CIN=0 (default for logical ALU operations)
1 CIN=1
DSHx 0 (no-op) (default
1 SR[DLO]
2 SL{DLO]}
3 DEST=DLO
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CONDx 0 JMP=xx0
1 JMP=xxC
2 JMP=xX7Z
3 JMP=xxS
4 JMP=xXL
5 {unused)
6 {unused)
7 JIMP=xx1
MADX 0 JMP=00x
1 JMP=01x
2 JMP=10x
3 JMP=11x
INMPC 0 (no-op) (default)
1 INC[MPC]
Micro-
operation
field Value Mnemonic
NDECO 0 DECODE
1 (no-op) (default)
INAD " (no-op) (default)

= O

INC [ADC]

APPENDIX C

WISC TECHNOLOGIES CPU/32 USER MANUAL

wilsgé CRU/LIZ

FRELIMINARY

DOCUMERTATICON

WISC Technologies, [nc.

La Honda, CA 93020

Freliminary: 2 June 1987

Copyright 19846,1987
Fatert Applied For
WISC Technolaegies, Inc.
La Honda, CA F40Z0
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imis 13 & pralidlnary SOCUWMENRT 0 which we have endesavored
to urovides vouw witn bhe sufficient informaticon to
full wse of the CRFUSIZ g a4t thie time, it will be

sary for program develupers to undercstand the Forth language
to follow the source code provided. We look forward to having
cther langquagez implemented.

Hopetully, vou will find this new experience as stimulating
and rewarding &s we have in develooping it.  You will find Fh:l

voopman t s January 1587 BYTE article "Microcoded versus Hard-wirsad
Coatrol® and his a&pril 1987 EYTE erticle "The WISC Concept”
Leeful as addivicornal support material. Ue recommend reading thie
document twice. Gn Lthe first pase, do all the gcamples and don 't
warry about details that ars not clear. On the second pacses.

cuncentrate on putting all the pisces together to form & clear
ovar-all picture.

CFU/3? developers are licensed to include any or all of the
Fur-tine MYE-FORTH/3Z program as a part of their products.
Fessonable support for develcopers will be provided.

F.ii. and G.B.H.
June 1987
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Lwioduction
Most of today’'s common microprocessors fall into the
category of 'complex instruction set computers" (CISC). Efforts
to improve the technology have lead, on one front, to "reduced
instruction set computers" (RISC). The CFU/Z2 represents a third
alternative, the stack-oriented "writable instruction set
computer®" (WISC).

The most significant potential offered by the WISC CPW/32 is
the new way of addressing & problem found in classical CISC and
RISC architectures: that of semantic mismatch between the
computational needs of an application program and the CFU's
instruction set. This mismatch limits the ultimate throughput of
such systems. The WISC CFU/32 allows an opcode’'s semantic
content tc be harmonious with the hardware structure and
application program’s needs, vastly improving throughput.

The concept of the writable instruction set computer,
incorporated in the WISC CRU/Z2, will be a new experience for
most users. Complete access to the processor’'s logic contrel
lines is available. Custom opcodes can be implemented easily and
integrated into applications. In contrast to writable "control
store" options available on some computers, the CFU/32°'s
instruction set has a simple format for easy modification. The
writable instruction set can be employed to make an application’s
fundamental operations the native code of the WISC processor.

Another significant feature of the CFU/3Z2 is the use of
independent hardware stacks for handling operands and subroutine
return addresses. The use of these stacks simplifies the CFRU/Z2
mardware by eliminating the need for decoding operand location
tnformation — all operands are implicit in the op-code. In
addition, hardware sztacks greatly increase the speed of the
‘regquent subroutine calls demanded by modern structured
programming. A unique featuwe of the CFU/32 is the combination
of an opcode with a subroutine call, subroutine return, or
unconditional branch within each instruction. This allows
processing subroutines and branches in parallel with outne-
operaticiis, further increasing the speed of subroutine rmalls. In
many ca 2s, subroutine calls actually take no time at all.
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The documentation includes everything that was used to
produce the hardware and scftware systems: complete circuit
drawings, details of the microcode format, and source code for
&ll the software. This may be more than you need, but it is ocur
intention to be as open with the product as possible. Note that
the boards, documentation, and software are copyrighted. No
restriction is placed on the use of this socftware with
applications using the CFU/3Z2. A patent has been applied for.

Mot all users of the WISC CPU/32 need to master the most
detailed information that is provided. Executable code and
complete source listings are included for a micro—assembler, a
cross—compiler, and the completely functional development
language. All are ready to run, permitting productive use of the
system from the beginning. Eventually, you will want to study
and understand all facets of the WISC CFU/32 system. Our
experience teaches that understanding all parts of a problem and
its solution is the ultimate approach to problem—-solving. For
tutorial purposes, you may skip to the parts of this
documentation which interest you most.

—_——— ——— e —

To install the CFU/3Z, first thread the two ribbon cables
coming cut of the CFU/IZ box through the back of the IEM FC/AT or
compatible’s box. - Then attach them to the headers marked "CNi"
and "CNZ" on the HOST card. The color-marked end of the cable
sockets should go nearest the "CN1" and "CN2" markings on each
cable. If you have to pull the cable back over the connector to
get the cable out of the PC box, the connector is on backwards.

place the HOST card intoc any slot on the IEBM FC/AT dr

i

]

n

rr
(o

o=
[T

m s

coi ] The HOST card will work equally well in an &-hbit
glot or a 16-bit slot. The HOST card will also work in some IEM
FC's and IBM FC XT's, but operation is not guaranteed. This is
hecause many of the earlier FC's have a hardware bug that

produces a significant amount of "noise" on the bus address lifes
which vioclates published IEBM FC design specifications.

The CFU/ZZ comes configured to address the FC's 1/0 port
aumbers 300 through 307 (hex). If this causes a conflict in your
system, see the section on reconfiguring the HOST card I/0 ports.

Digtribution Software

Eeveral diskettes are provided with the CFU/3Z2. e suggest
that you make backups of them using the DOS DISKCOFY program
before proceeding any further.
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The disk labelled "WISC System" is the run-time disk that
brimgs up MVF-FORTH on the CFU/3Z. To run MVF-FORTH eon the
CFU/ZZ, boot DOS in the normal manner, then insert the "WISC
System" disk in the A drive. From the DOS prompt, type:

A: CRUZIZ2

This places you in an MVF-FORTH kernel that has the
microcode assembler, c . ss—compiler, and other utilities pre-
loaded. To lecad the microcode memory and the first 32k of
program memory (which contains the kernel and floating-u-int
package for the CFU/3Z2), turn on the CFU/32 box’'s power 4 type
ins

DRO LOAD-ALL

You will see a series of "happy faces" indicating that the
loading process is progressing. Note that the CFPU/32 memory
image is stored as Forth screens at the high end of the "WISC
System” disk, so no additional DOS files should be added to this
disk to avoid overwriting the Forth screens.

The CFRU/32 is now ready for operation. To transfer system
contrcl to the CFRU/3Z2, type in:
CFRU32

You will see a "(CRU/3IE) OK" prompt. You are now running a
I2-bit version of MVF-FORTH directly from the CFU32. Try typing
in VLIST or any other function desired. To return control to the
FC, type in BYE and notice the return to the normal Forth "OK"
prampt. '

A note about CFU/32 Forth: DRO, DR1, etc. are not defined in
MVF-FORTH/Z2. In order to change the default disk drive, return
to the FC Forth with a BYE, perform the disk assignment f(e.g.

1, thern returmn tco the CFUIZ. This decision was made to
latz the CFUZZ's Forth from the many possible. effects of
enhanced disk inteirfaces for DOS +files, etc.

If everything did not go smoothly, first double-check that
the ribbon cables are on snugly and in the proper orientation.
I+ the FC shows a "START.." and then dies, the CFU/Z2 is not
responding properly to the "CFUZ2" command. If this happens, or
anytime that you want to verify correct operation of the system,
rur the single-stepping diagnostics.

The "Diagrnostics" disk containe two sets of diagnostics.
The first =t is the single-stepping diagneostics that uses the FC
host to exercise all the resources of the CFPU/32 in a slave mode.
Te run these diagnostics, run the CFRUZZ.COM file from the "WISC
System" disk as described above, but do not do a LOAD-ALL. Next,
place the diagnostics disk in the A drive, and from the FC's
Forth, type in:

DR 2 LOAD

The diagnostics will ten exercise each portion of the
system, displaying messages as the tests progress. If the tests
complete without A failure message, the CFU/3Z has pessed the
single-stepping diagnoscic:: (If a failure is generated, see the
section on problem resolut: n below.)
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The second set of diagnostics on this disk is the stress
test. To run the stress test, run MVF-FORTH/32 using the CFU3Z--
LOAD~ALL--CFUZIZ sequence as described previously. From the |
"(CFU/32) OK" prompt, type in: ‘

DRO 3 LOAD N

This test first does a memory addressability and stuck-bit
failure test, then repetitively exercises the critical microcoded
definitions. . The test takes a while to run. The CPU/32 will run
an infinite number of floating point stress tests at the end of
the sequence. Fressing any key on the keyboard will terminate
testing. If your system passes this test successfully, then
everything should be operating correctly.

Your system was completely tested before shipping using the
same floppy disks you have., If any problems arise during
installation or operation of your system, please complete the
following steps, in order, to resolve the problem.

1) Filease check for cbvious problems with the hardware: unplugged
power cabilesz, cornnectors, etc.

v
-~

2) Flease re-read the applicable sections of the documentation.

Z) I+ the hardware does not pass diagnostice, or seems unreliable
in operation, ensure that all connecting ribbon cables inside the
CRU/Z2 box are securely plugged in, and that all cards are
properly seated in the motherboard.

4) I+ you still can not resolve the problem after re-reading the
documentation, ple2ase call us any time at (415) 747-0760.

Host FC Software

The FC host communicates with the WISC CFU/Z2 system with up
to 8 1/0 ports. Any program or language that can address these
ports can run the CFRU/3E. For example, the IN and OUT functions
of BASIC, or user-written procedures in C, Fascal, etc. may be
used to contrel the system, even when the CFU/3I2 is running
Forth. Currently, we are providing all development and support
software in MVF-FORTH.

The Host FC scftware is organized as a micro-assembler, a
cross—compiler, and the source code to cross-compile the MVF-
FORTH/3ZZ2 kernel. Complete source code for this software is
provided in Forth screen format on the disks marked "Cross-
Compiler/Microcode" and "CFU/3Z2 Kernel'.

The "Cross-Campiler/Microcode" disk containsg the source code
for the cross-compiler, microcode assembler, and the microcoded
primitives used by MVF-FORTH/32. To reload these screens, run
the FORTH.COM file from the "WISC System" disk under DOS by
typing:

FORTH
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This is the MVF-FORTH kernel which has the assembler and
double precision w-rd set from the MVF~-FORTH math package (MVF-
FORTH series velume 3) pre-loaded. Flace the "Cross-—
Compiler/Microcode” disk in the A drive. Turn on the CFU/32,
then type in:

DRO 2 LOAD

Screen 2 loads all the source code, compiles the microcode
directly into the CFU/32.microcode memory, and creates the basic
Forth dictionary structiirz with headers for the microcode words
on the CFU/32. When ti> loading is completed, screen 2 does a
SaVE-SLL, w@hich saves “he new memory images onto the highest

zoreEns of The A dishk.

vihen the loading is completed, vou may wish to do & SkRVE-
FORTH to & DUS files disk to save the revised version of the
cross—compiler/micrc—assemblier. File XCOMF.COM on tho "WISC
Svstem” disk corresponds to the host PC Forth system you have at
this point.

The most straightforward way to e’ or modify microccded
primitives is by following the above procedure, then recompiling
the MVFP-FORTH/ZZ kernel as deszcribed in the next ssctiaon.

MYF-FCETH/IZ kernel Disk

The "MYF-FORTH/ZZ Fernel" disk contains the source code for
the cross—-compiled MVYF-FRCRTH/ZZ kernel. To reload the kernel,
continue on from the previous section using the XCOMF.COM MVF-
FORTH kernel used to load the cross-compiler and microcode from
the host FC. Flace the "MVYF-FORTH/IZ Kernel" disk in the A
drive, them tvype in:

2 LOAD

This will start the kernel cross—caompilation process. The
cross compiler actually builds the target image in the CFU/Z2°s
program memory. The messages "START.." followed by " ENDY
indicate a transfer of control to the CRU/IZ to execute functions
during the compilation process (see the section on the usage of
" and """ for more information about this.)

When the cross—-compilation is completed, transfer control to
the CFU/32 and complete compilation of the kernel by typing in:
CrRUZZ ’
3 LOAD

Do a YLIST to satisfy yourself that the dictionary is
compleste, then return control to the host and save the new CFU/ZIZ
memory image by typing ins

RYE
SAVE-ALL

If desired, you may do a SAVE-FORTH to save a copy of the
MVUF-FORTH kernel for later use. The host Forth kernel you are
using now correspondes to the file CFRUZ2Z.COM on the "WISC System"
disgk, and is well-suited for experimenting with single-stepping
CFU/Z2 functions from the host FC.
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The CFU/32 comes with some demonstration disks in addition
to the disks already talked about. While the function and the
content of the demcnstration disks may change, they are all set
up with the same format for consistency. , '

Each demonstration disk should be placed in the A drive
after running the CFU3I2 command from D0OS. Each disk has a Forth
memory image that should be transferred to the CPU/32 using the
LOAD-ALL command. Each disk has screen 2 reserved as a host
loading screen. From the host FC, type in:

DRO 2 LOAD ( Automatically does a LOAD-ALL)
CrU32

Next, load the application program from the CFU/32 by typing
in:
= LGAD

When the load is completed, instructions for running the
demonstration will be displayed. Typing in HELP will re-display
the instructions.

-Most of the graphics demonstrations require an Enhanced
Graphics Adapter (EGA). The other demonstrations assume the use
of a Color Graphics Adapter (CGA) with BO columns of text.
Changing the segment number from EB800 hex to BOOO hex in the host
FC’'s source code will make the non-graphics demonstrations work
on & monochrome display.

General Notes on MVYE-FORTH/32

The differences between MVP-FORTH/32 and the functional
descriptions in ALL ABOUT FORTH are minor. To make the most of
the software tools available, you should become familiar with
MVF-FORTH. In most cases, the high-level and low-level functions
are the same. The kernel’'s implementation is different in that
microcoded definitions replace the machine language used in the

original MVF-FORTH.

The following notes cover the major differences between MVF-
FORTH and MYF-FORTH/32. Further details will come from study of
the source code.

* The arrangement of the header fields is different.
* The link field comes before the name field.

# There is no code field. In most cases, the FFA is the
same as the CFA. .

* The value for variables and constants is stored 4 bytes
after the FFA.

%« The name field count is a 4-byte value with flag bits in
the highest byte. .

* All strings including the name fields are blank-padded to
fill up an evenly divisible by 4 number of bytes. The name field
counts still reflect the actual name length.
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¥ For colon definitians, the array of pointers %o lower
level subroutines is automatically executed in sequence. A DCCOL.
operation is not needed.

* Each instruction consists of an opcode value in the
highest 9@ bits and an address for subroutine call or jump (or a
subroutine exit bit) in the low &% bits. Forth sequences of
opcodes followed by subroutine calls (and/or subroutine exits)
are automatically compacted into a single instruction by the
compiler.

* All operations that are 16 bit operations in MVP-FORTH
work on 32 bits in MVP-FORTH/3Z2

¥ A11 32-bit memory operations (including € and ') and

instr 7iwes st be aligned on word boundaries. This means that
the m w0 ows used must be evenly divisible by 4. The
compii + eUW.cawcically performs this alignment in virtually all
cases. :

* A single screen buffer is used (little, if any, difference
will be noted).

¥ The user variables are at low memory addresses and do not
change addresses with disk buffer changes. v
\
* The stack address space is not accessible with & and !'.
Therefore, the MVP-FORTH implementation for .Srhas been modified.

The elemental editor command FFP is available from the
CFU/32. The standard Forth line editor, however, is available
from the host. Identical .screens can be read by either system.
Change the editor to suit your own needs and desires.

:

"

MVF-FORTH/32Z has no disk utilities. There are no direct
disk functions. Only system function calls to the currently
active drive on the host are required. This approach eliminates
confusion that results when using a DOS 1nterface or other
enhancement to the host FPC’'s Forth.

There is no assembler - with the supplied microcode the
CFU/32’'s native language is Forth. High speed words may be

wrritten im microcode if decired, corresponding to the assembly
larguage used in other Forth syestenmes.

In addition to the included standard wordset from MVF=FORTH,
the MVF-FORTH/ZZ system has a number of additional words in
microcode. Some of these are simple primitives for common
combinations of words and math functions. Others are completely
new words that are useful in the demenstration programs.

Other Forth Dialects

We realize the limitations of the standard distrubuted
version of MYF-FORTH, especially when using a hard-disk based
system under DOS. We have used an optimized version of MVF-FORTH
known as LIB-FORTH for our development efforts. Among other
thinge, LIB-FORTH has. supporv frr -DOS screen files, faster
execution speed, and a full-screen editor. LIE-FORTH is in the
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.public domain and is available from Mountain View Fress. LIE-
FORTH functions correctly, but is not a fully polished, fully
supported product. If you wish to use LIE-FORTH, contact us for
a copy of the CFU/32 files in the DOS screens format.

We plan to develop a more powerful Forth that allows the use
of one or more CFU/32's on a single host PC within an integrated
software environment. We are also pursuing porting other
languages to the CFU/32. Until these products are ready,
however, MVF-FORTH remains the only the fully supported host
language.

Fart Two
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-
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Micro-Frogram Memory % Mic, o-Instruction Register
Micro—-Frogram Memory — MRAM ,
The Micro~Instruction Register - MIR
Restrictions
Frogram % Micro-Frogram Execution
Instruction Format
Instruction Processing
Micro-Instruction Frocessing
Bus Source and Destination

Introduction

This section describes the operation of the hartd : S
detail. Appendix A contains a summary of the host ¢ s
interface. The tables in Appendix B contain the a . .mary o, the

micro-instruction format and micro-assembler mnemrnics. Apperndix
C contains & summary of some of the CPU/32's important
characteristics. Appendix D contains complete schematics for the
CFU/3Z2. The reader should immediately look at Appendix D,
Figures 1 and 2 to see the CFU/\Z block diagrams before
proceeding.

* Clock cycle: 1350 ns (jumper and oscillator selectable) micro-
instruction cycle.

# Throughput: Approsximately 3.3 million Forth operations per.
second (varies depending on instruction mix)

* Architecture: 32-bit data paths. Writable 32-bit horizontal
microcode memory. Two independent 32-bit hardware stack
memories. Overlapped micro-instruction execution and fetch.
Overlapped macro-instruction execution and fetch, with direct ’
execution of subroutines calls.

* Host Computer Reguirements: One full-size expansion slot, with
two ribbon cables to the CFU/32 box. All CPU/32 cards may be '
relocated inside the host FC/AT case if desired. Requires an IBM
FC/AT or compatible. May work on some IBM PC compatibles if the
address bus meets published FC design specifications.

* Technology: Most logic is 74ALS series TTL chips. The ALU is
implemented with 74F181 chips using carry-lookahead logic. Staclk
and microcode memories use 4k % 4, 35 ns static RAM chips.
Frogram memory uses 32k x 8, 120 ns static RAM chips.

¥ Hardware stacks: Independent 4k-element, bg—blt data and return
stackz with hardware stack pointers. Stack pointers can be
incremented or decremented in parallel with other operations.

+ Microcode Memory: 4k x 3I2-bit words divided into 512 opcode
pages of up to B instructions each. Microcode memory is
civangeable by the host FC.
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* Frogram Memory: 1| megabyte of 120 ns static program memory
standard. Expandible to up to 8 megabytes of static memory.
Capability to address up to 2 gigabytes of dynamic program memory
in 8 megabyte pages. Memory is organized into 32-bit words,
accessible as either bytes or words.

* Interrupts: CPU/3Z2 interrupts are available for data stack
underflow/overflow, return stack underflow/overflow and host
attention request.

* DMA Memory Transfer: CFU/32 program memory may be loaded from
or to host FC memory (including video memory) using the host FC
DMA controller.

The WISC CPU/Z2 runs at a 33% duty cycle micro—-instruction
clock of 130 ns (6.67 MHz.) as derived from a 20 MHz crystal.
Since most primitives are only 2 clock cycles long, this gives a
best-case operating speed of 3.33 MOFS million high level
operations per second (MOFS). In addition, subroutine calls,
exits, and unconditional branches that can be\combined with
opcodes are processed at zero time cost. In actual programs, the
average primitive will be somewhat more than 2 "clock cycles, but
the availability of zero-cost subroutines will probably yield an
effective instruction rate of better than 3 MOFS including
subroutine call instructions. This figure will be adversely
affected in programs that perform many multiplications,
divisions, or other complicated ocperations.

Various benchmarks have shown speed increases of § to 10
times over LIB-FORTH (a speed-optimized version of MVP-FORTH)
running on an 80284 at B MHz, with zerg-wait-state memory.
Frograms that perform a lot of 3I2-bit arithmetic or have a higher
than average number of subroutine calls will perform even better
than this S to 10 times improvement. Programs with a lot of

floating point math will not perform as well, but will still be
faster than the BO286.

The WISC CFU/ZZ’'s general architecture is shown in Appendix
D, figures 1 and 2. The CFU/32 uses Z2-bit horizontal microcode
to drive a 32-bit, stack oriented processor. The CFU/32 is
capable of overlapped micro-instruction fetching and execution,
and overlapped macro-instruction fetching and execution. Several
functional units are implemented in hardware and connected by a
single 32-bit, I-state data bus. Additionally, the instruction
addressing and decoding data paths are connected 32-bit memory
address and memoary data paths.

Since the micro-assembler is the primary means of
controlling the hardware resocurces, control signals will be
described in terms of their micro-assembler mnemonics. The
function of each micro-operation will be described in the
corresponding hardware section.
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The Host Interface

The host interface is shown at the top of figure 2. The
host adapter card plugged into the FC host contains logic to
convert 8-bit FC data to 3I2-bit CFU/32 data, as well as logic to
control the operation of the CFU/3Z2. .

The CFU/32 has two modes: Master and Slave. In Master mode,
rne CPU/32 runs programs with a continuously cycling clock.
Typically, therhos. PC monitors the CPU/32 status register, .
waiting for a non-zero value, then returns the CPU/32 to Slave
mode for servicing.

1

To enter Slave . o, uw=e the STOF command' (better yet, use
the RESET-BOARD c:vv .. . v D 'wEle, up or the CFU/32's internal
state is unknown) <4 owe Tl ave mode, the CRU/ZZ waits for IN
and OUT command.. rom the host to receive or send information.

It will alsn rereaond to DMA transfers on DMA channel 3.

While in slave mode, the CFU/32 responds to the port
addresses shown in Appendix A. In the normal configuration, the
port addresses are in the range 300 to 307 hex. Jumpers Jl
through J14 on the host interface card may be changed to modify
this address to any otherwise unused bank of 8 ports as shown in
Appendix A.

Write Forts

Forts 300 through 307 are used as "write" ports with the
assembly language OUT command. Each port accepts 8 bits of data,
and may be written to using the WRITEG...WRITE7 words from the
micro—assembler. Each WRITE word accepts an 8-bit value from the
stack and writes it to the appropriate port.

Fort 0 is used to write data to the 32-bit data bus. Four
bytes are written successively (lowest order byte first, highest
last) to this port. As the fourth byte is written, the CFU/32's
clock is automatically cycled once to clock the results in to the
destination determined by the contents of the micro-instruction
register. The X! micro-assembler word takes a 32-bit number from
the data stack and writes it to the CFU/32 data bus. In DMA
operations, a WRITEOD is simulated by the host interface card
hardware for each data transfer, automatically arranging each
gquartet of DMA'ed bytes into 32-bit words for memory storage.

FPort 1 is used to write data to the 32-bit micro-instruction
register (MIR). It requires 4 successive WRITEl1l operations, just
like port O, but always places the results in the MIR. The
micro-assembler word MIR! takes a 32-bit value and places it in
the MIR. Typically, the MIR value is set using a micro-assembler
construction (accessed from the normal FORTH vocabulary within
the CFU32 version of the MVP-FORTH kernel on the host PC) such
as:

>» DEST=DLO :SET
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which automatically determines bit values for the micro-
instruction. The ">>" is a prefix that indicates the start of a
micro-instruction definition, and ";SET" indicates the end of the
definition, and directs the micro—-assembler to load the assembled
micro-instruction into the micro-instruction register using’ the
MIR! primitive. Subsequently typing in: .

12345678, X!
will store the 32-bit quantity 123454678 in the DLOD register. To
read back the value, enter the following commands:

>+ SOURCE=DLO ;SET X@ D.
Note that all values used are 32-bit integers, since the CPU/32
is a 3I2-bit machine.

Fort 2 single-steps the CPU/32's clock. WRITE2 has the same
effect as the single-step that automatically occurs with X!,
except the host does not drive the bus data lines. The data
written to the port is ignored. The micro-assembler word CYCLE
writes a dummy value to port 2.

Port 3 starts the board in Master mode. The data written to

the port is ignored. The micro-assembler word GO writes a dummy
value to port 3.

Fort 4 stops the board and places it in Slave mode. The
data written to the port is ignored. The micro-assembler word
STOF writes a dummy value to port 4.

Fort S sets the board in DMA mode. The data written to the
pert is ignored. The micro-assembler word SET-DMA writes a dummy
value to port 6. Typically this port is not directly used by
application programs.

Fort & resets the data bus sequencer used by WRITEQ, WRITE1L,
READZ, and READL1. It also takes the board out of DMA mode. As a
matter of good programming practice, use RESET-SER command, which
writes a dummy value to port &, before each series of reads or
writes. The words X€@, X!, MIR@, and MIR! do this automatically

Fort 7 writes to the 8-bit service register on the CFU/32.
This register may be written even when the CFU/32 is in Master
mode. If interrupts are enabled, writing to this register will
generate a CFU/3Z interrupt. The micro-assembler word FCREG
takes an 8-bit value from the stack and writes it to port 7.

Read Forts

Forts 300 through 302 are used as "read" ports with the
assembly language IN command. Each port returns 8 bits of data,
and may be read using the READO...READ2 words from the micro-
assembler. Each READ word returns a 16-bit value with the high 8
bits zeroed to the stack.

Fort O is used to read data to the 32-bit data bus. Four
bytes are read successively (lowest order byte first, highes
last) from this port. As the fourth byte is read, the CPU/32's
clock is automatically cycled once to adjust ¥ny counters that
may be affected by the MIR contents. The bus'source is
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determined by the contents of the MIR. The X@&’ micro—assembler
word reads the contents of the data buww: nd returns a 3Z2-bit

value to the data stack. In DMA operations, a READO is simulated
by the host interface card hardware for each data transfer,
automatically retrieving successive 32-bit bus bytes to form
quartets of 8-bit values.

Fort 1 i- used to read data from the 32-bit micro-
instruction register (MIR). It requires 4 successive READIL
operations, Jjust like port 0, but always returns +be result from
the MIR. The micro-assembler MIRE returns a 32-bit value from
the MIR. Typically, MIRE@ is only useful for diagnostic purposes.

Fort 2 reads the CPU/32°'s 8-bit status register. STATUS is
the micro- assembler word that returns a 16-bit value with the
high & bits zeroed. The status register typically has a zerc
salue while the CFU/3ZE is in Master mode. The CFU/3IZ sets the
ztatus register to a non-zero value to indicate & request to be
returned Lo Slave mode for service.

The Status Register - SIATUS
The STATUS register is an 8 bit register that allows the

CRU/3Z2 to communicate requests for service to the host while in
master mode. Typically, the STATUS register is ¢, with a non-
zero value indicating a request for one of Z55 possible user-
defined services from the host. The STATUE register is set using
the DEST=ETATUS micro-cperation, and is qgueried from the host
using the STATUS word. There is no way to read the STATUS
register from the CRU/3IZ. An example of setting a STATUS value
is:

+*» DEST=8TATUS ;SET 12, X!

STATUS . ( Returned value is 1)

The Host Reguest Register - HOST

The 8-bit HOST register allows the host FC to make requests
for attention to the CFU/32. The host PC may write to the host
register using the FCREG word. The CFU/32 may read the HOST
register value using the SOURCE=FLAGS micro-operation:

HEX
45 FCREQ :
»> SOURCE=FLAGS ;SET X& DROF OFF AND .
( Display lowest 8 bits of value, giving 4%)
DECIMAL :
The upper bits of the FLAGS register contain interrupt status
information described in a later section.

The Data Stack
The data stack is one of two hardware stacks in the CPU/3IZ2.
In the MVF-FORTH/32 implementation, the data stack contains the
Forth data stack elements (except for the top-most stack element,
which is contained in the DHI register described in the next
section.) The data stack consists of the data stack memory and
the data stack pointer.
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Data Stack Fointer - DF

394

The data stack pointer (DF - not to be confused with the
MVF-FORTH user variable dictionary pointer DPF) is a 12-bit
up/down counter that may be incremented, decremented, or loaded
on each micro-instruction. The following micro-assembler

commands lcad the DF, read it back, and show results of increment
- end decrement cperationeg:

»% DEST=DF ;3ET 200, X!

»» GOURCE=DF 3;SET XE& D. ( Display Z00)

% INCLDF] §SET CYCLE

»» SOURCE=DF ;SET X& D. ( Display 201)

»» SOURCE=DF DECLDF1 ;SET X& D. X@ D. X& D.
( Display 201, 200, 199)

Motice that X@ cycles the clock on each read operation. The DF
increment or decrement operations take place at the end of each
clock cycle. This means that the data stack itself may be read,
then the DF incremented or decremented at the end of the very
same cycle.

: = DS

I

The data stack (DS) is a 4k by 3I2-bit fast memory.
value may be read or written on each cycle, with the DP
changed at the end of each cycle. In MVF-FORTH/32, the
to the second to topmost stack element; with an INCLDF1]

The DS
value

DF points
acting as

a "pop" operation, and a DECIDF] followed on the next clock cycle

with a DEST=DS operation acting as a "push" operation.
following sequence of

The

commands pushes two items on the DS, then

pops them off again:

»» DECLDF1 §SET CYCLE
*» DEST=DS DECIDPF] $SET 11111, X! ( Fush 11111)
»> DEST=DS :SET 22222, X! Push 22222)
»» SOURCE=DS INCIDF]l ;SET X& D. X@&@ D.

( Pop 22222 then 11111)

Restrictions

Any time the DF value is between 0 and 1FF hex, a data stack
underflow/overflow interrupt is generated. The DS positions"
between O and 1FF are still usable if interrupts are masked,
however. This provides run-time stack size checking with no
speed penalty. In a sophisticated software environment, the DF
interrupt could be used to page portions of a larger than 4k-word
data stack in and out of the DS memory. The starting value for
DFF with an empty stack must be initialized to FFF hex.

"mRnr

The Arithmetic Logic Unit complex consists of the Data Hi
register (DHI), bus data latch (LATCH), arithmetic and logic unit
(ALU) with associated multiplexer, and Data Low register (DLO).
All these have 3Z-bit data paths. The ALU multiplexer and DLO
registers may be connected to form a &4-bit shifting mechanism.
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The ALU performs 3Z-bit addition, subtraction, and Boolean
logic operations on one or both of two inputs, denoted the A-side
and B-side inpuyts. The result of the arithmetic or logical
operation are passed through the multiplexer and may be shifted
right or left one bit, rolled right 8 bits (with the lowest 8
bits moving to the highest 8 bit position), or passed through
unchanged.

ALU operations are broken up into logical operations a J
arithmeti~ -rnerations (corresponding to the 2 mode selects of the
74F181 ch’'- . L_ogical ALU micro-operations leave the carry in
bit CIN v v mmitied, and result in an indeterminate carry-out
bit. Allowable locgical operations are:

FUNCTION DESCRIFTION

ALU=A Fass A side through ** Fannzd
ALU=E - Fass B side through « .- .a~3
ALU=notA One’'s complement m»° . ld>
ALU=notE One’'s complement ' & side

AL U=Aork A lpgical "or" [
aLU=AandB A logical "and"
ALU=AxorB A lonical "xor" B
AlLU=AnorE A logical "nor" R
A

ALU=AnandB logical "nand" E
ALU=Anxork A logical "xnor" R
ALU=0 Force ALU outputs to all ©
ALU=-1 Force ALU outputs to all 1§

(two’'s complement negative 1)

All arithmetic operations are performed with two’'s
complement integers. These operations automatically set the
carry—in bit value as required to generate functions, and result
in a valid carry-out value at the end of the \clock cycle in which
they are used. Allowable arithmetic operations are:

b d

FUNCTION DESCRIFTION

ALU=A+0 Fass A side through unchanged (set carry-out to O)
ALU=A+1 Add 1 to A side
ALU=A-1 Subtract 1 from A side

ALU=A+A Multiply A side by 2

ALU=A+A+1 Multiply A by 2 and add 1 '

ALU=A+ER Add A side to B side

ALU=A+E+1 Add A side to B side plus 1

ALU=A-E Subtract B side from A side

ALU=A-E-1 Subtract B side from A side, then subtract 1

ALU=AornotB+1 (Special purpose function) If the A side is O,
this takes the two’'s complement of the B side

Some examples of ALU functions are given below (note that
the word DD is equivalent to the sequpnce s SET CYCLE):

ALU=E DEST=DHI ;SET 5. X! { Set DHI to o)

> DEST=DLQ sSET =, X ( Set, DLO to )
»» SOURCE=DLO ALU=A+E DEST=DHI ;DO ( Add DLO to DHI)
#» SOURCE=DHI sEET X@ D. ( New DHI value is &)
*» ALU=A+1 DEST=DHI :DO ( Add 1 to DHI)

» SOURCE=DHI :SET  Xe@ D. ( New DHI value is 9)

”
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The output of the ALU function is passed through the
multiplexer. The SLLALU] micro-operation shifts the ALU output
one bit left, discarding the highest bit, and inserting the
highest bit from the DLO register into the lowest bit position of
the multiplexer output. The SRLALU] micro-operation shifts the
ALY output right one bit, discarding the lowest bit (or shifting
it into the DLO register if SRIDLO] is used) and shifting in the
carry—-in bit described in the next paragraph. The ROLLIALUIJ
operation does a right-rotate by 8 bits. Some examples are:

»» DEST=DLO +:SET 0. X! ( Zero highest bit )
*» ALU=B DEST=DHI ;SET 400. X' ( Store 400 in DHI)
#» ALU=A BLILALU] DEST=DHI ;DO

»>> SOURCE=DHI :SET Xe& D. ( Result is 800 )
¥ AlU=A CIN=0 SRL[ALU] ;SET CYCLE CYCLE

>> SOURCE=DHI 1SET X& D. ( Result is 200 )
HEX

#» ALU=E DEST=DHI ;SET 2345678, X!

>> ALU=A ROLLCALUI ;DO :

»> SOURCE=DHI ;SET Xe D. ( Result is 78123456 )
DECIMAL

The carry—-in bit is used for both arithmetic and shifting
operations. CIN=0 or CIN=1 generate a ¢ or 1 value for the
carry-in bit respectively for shifting operations. ALU ‘
arithmetic functions automatically generate their own carry bit
values. :

The output of the ALU (NOT the multiplexer) serves as the
source of the sign bit and zero bit for conditional branching.
Since the default operation for the ALU is ALU=A, and since the
DHI register value is clocked on each cycle, the zero and sign
conditions always apply to the value in the DHI register

The DHI register is the 32-bit register that is attached to
the ALU A side and is the receiver of the ALU ocutput on each
clock cycle. The default micro-assembler ALU function is ALU=A,
meaning that if no ALU function is specified, the DHI contents
simply flow through the ALU on each clock cycle. Since DHI is
clocked each cycle, the micro-operation DEST=DHI is only used for
clarity, and may be used freely even when another bus destination
is specified in the micro-instruction.

The DHI register may be driven onto the bus using the
SOURCE=DHI micro-operation. MNote that the "old" value of DHI may
be placed on the bus even while the ALU is computing a new value
to be placed in DHI on the same clock cycle:

»» ALU=R DEST=DHI ;SET 12%. X! { Set DHI to 123
»» SOURCE=DHI ALU=0 DEST=DHI ;SET

X@ D. { Fetch 123 & clock O into DHI )
X@ D. ( Fetch the © from DHI )

The DHI register may hold any quantity during the course of
a microcoded primitive’s execution. By convention, the DHI
register always contains the top stack element at the start or
end of a word when executing MVF-FORTH/32.
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The Bus Latch = LATCH

The LATCH is a 32-bit transparent latch that connects the
data bus to the B side of the ALU. In normal operation, the
LATCH is transparent: it simply allows the data bus to flow
directly into the ALU. Thus, in the previous examples that
stored data in DHI by using the ALU=E construct, the latch Jjust
passed data through.

However, there is another function for the LATCH. "t .
end of each clock cycle, the LATCH captures whatever d&* - wis on
the bus (whether it was used by the ALU or not). Then, if the
subsequent bus source is SOURCE=DHI on the next cycle, the LATCH
retains and supplies to the ALU B side the data from the previous
clock cycle. This is extremely useful for exchanging the
contents of the DHI register with the contents of any other .
system resource. For example, exchanging the current DS value
anu DHI without using the LATCH would be accpmplished by:

»> SOURCE=DHI DEST=DLO ;DO
> SOURCE=DS ALU=r DEST=DHI ;DO
- SOURCE=DL0O DEST=DS ;DO
However, using the LATCH, this exchange can be accomplished in
only two cycles: '
»» SOURCE=DS DEST=LATCH ;DO
»» SOURCE=DHI DEST=DS SOURCE=LATCH ALU=E DEST=DHI ;DO
On the first cycle, the DS value is simply placed on the bus for
retention in the LATCH. 1f desired, the DS value could also be
written to any other bus destination, or even used by the ALU to
compute a new DHI value before the exchange cccurs. 0On the
second clock cycle, DHI is written to the DS, and the retained
LATCH value is written to DHI, accomplishing the exchange. HNote
that the micro-operation SOURCE=LATCH is just for readability
(just like DEST=DHI). The micro-operation SOURCE=DHI is what
causes the LATCH to retain its data. The LATCH will retain its
data indefinitely, as long as SOURCE=DHI is used in consecutive
clcck cycles.

The Lsat

i
—

Low Register - DLO

im

The DLO register is a 3IZ-bit shift register that is used
both as a temporary holding register and as a low half of a &4-
bit shifting mechanism. As a holding register, SOURCE=DLO and
DEST=DLO allow storing any I3Z2-bit value in DLO and reading it
back:
#» DEST=DLO $SET 1234%56. X!
»» SDURCE=DLO ;SET X& D. ( Display 123456)

When used as a shift register, DLO may be shifted
independently using SRIDLO] or SLIDLOl, and may be combined with
the ALU multiplexer to form a 64-bit shift register if desired.
bLO may not be set and shifted in the same clock cycle, but it
may be read and then shifted (after reading) in the same micro-
cycle. When shifting left, the lowest bit of DLO is set by the
CIN bit. When shifting right, the highest bit of DLO is set by
the output of the lowest bit of the ALU (not the ALU
multiplexer): :

e
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DEST=DLO ;SET 4., X! ( Set DLO to 4)
CIN=1 SLCDLOY ;DO ( Shift in a 1)
SOURCE=DLO ;SET X&@ D. ( Result is 9)
DEST=DL.O ;SET -8. X! ( Set DLO to -8)
(
¢

N5

KV

[NV

LN

ALU=-1 SRIDLO] ;DO Shift right, high bit -1)
SOURCE=DLO ;SET X@&@ D. Result is -4)

NE e NS

R

The single-stepping diagnostics have good examples of shifting a
single bit across all &4 bits of DLO and the ALU/multiplexer/DHI
circle in both directions. .

Two very special modes of operation of the LATCH and ALU are
provided for multiplication and division. When the special bus
source designation MULTIFLY is used, the ALU multiplexer performs
an arithmetic shift right operation on the partial sum {(which
works by feeding in the arithmetic carry-out bit into the
multiplexer.) 1In addition, the LATCH retains previocus data.

This capability allows performing a 32-bit multiply in one cycle
per bit, plus a few cycles of overhead for setup. See the
microcode definition of Ux for an example of a shift and
conditional add algorithm using this capability.

The special bus source designation DIVIDE not only shifts
the logical complement of the ALU sign bit into the DLO shift
left input, but also manipulates the ALU function inputs to
provide either an ALU=A+B or an ALU=A-R operation as required.
This results in a one-clock cycle per bit (plus setup overhead)
non-restoring division algorithm for unsigned numbers as
demonstrated by the microcoded definition for U/MOD.

Festrictions

Due to time constraints, the zero condition value is not
valid after an arithmetic operation (but is valid after logical
operations). If necessary, allow the DHI value to cycle through
the ALU using the default ALU=A operation, then do a microcoded
branch based on the Z bit. Alternately, when comparing two
numbers for equality, use the ALU=AxorE function to avoid this
limitation. In MVF-FORTH/3Z, since OBRANCH and other words may
test the Z bit on the very first micro-instruction, this means
that only logical operations may be performed on the ALU on the
ENDing micro-instruction of any word.

Since arithmetic operations set the CIN bit, do not specify
an explicit CIN value for shifting while doing an arithmetic
operation. Clever micro-programmers may be able to use the CIN
value set by the arithmetic operation as the shifting input.

EBe sure to specify a SOURCE=DHI micro-operation when using
the LATCH for a retained value. The micro-operations
SOURCE=LATCH and DEST=LATCH are used only for readability; they
do not enforce th1s constraint.

The return address stack is the second of two hardware
stacks in the CPU/32. In the MVP-FORTH/32 implementation, the

wope



5,053,952
403 404

return stack contains the Forth return addresses and loop
variables. The return stack implementation donszsts of the data
stack memory and the data stack pointer.

The return stack pointer (RF) is a 1Z-bit up/down counter
that may be incremented, decremented, or loaded on each micro-
instruction. The following micro-assembler commands load the RF,
read it back, and show results of increment and decrement
operations:

»» DEST=RF 3SET 2200, X!
>> SOURCE=RF ;SET X@& D. { Read back 200)
»>> INCLRF1 :SET CYCLE .
»» SOURCE=RP DECCRF1 ;SET X& D. X@ D. X@ D.
( Read back 201, 200, 199)
Notice that X@ cycles the clock on each read operation. The RF
increment or decrement operations take place at the end of each

clock cycle. This means that the return stack itself may be
read, then the RF incremented or decremented at the end of the
very came cycle. The astute reader will notice that the RF works

exactly the same as the DP.

The Return Stack - K8
The data stack (R8) is a 4k by 32-bit fast memory. The RS

value may be read or written on each cycle, with the RP value
changed at the end of each cycle. In MVF-FORTH/32, the RF points
to the topmost stack element, with an INCIRF1 acting as a "pop"
cperation, and a DECILRF] followed on the next clock cycle with a
DEST=RS operation acting as a "push" operation. The following
sequerice of commands pushes two items on the RS, then pops them
off again:

*» DECILRFI DO :
»» DEST=RS DECIRFJI $SET 111iti. X! ( Fush 11111)
»» DEST=RS §8ET 22222, X! ( Fush 22222)

» SOURCE=RS INCLRF] :SET Xe& D. X@& D. '
{ Fop 22222 then 11111)

The return stack is very similar in operation to the data
stack, except that the data to and from the return stack may
either be routed from/to the system data bus, or may routed from
the address counter or to the address latch and address counter.
This added routing capability is crucial in that it supports
parallel subroutine processing in conjunction with other
operations. It does have a slight drawback in that due to extra
chip enabling logic delays, the return stack is too slow to be
written through the ALU on a single clock cycle.

Restrictions

Any time the RP value is between 0 and QFF hex, a return
stack underflow/overflow interrupt is generatéd. The RS
positions between O and 1FF are still usable i} interrupts are
masked, however. This provides run-time stack size checking with
no speed penalty. In a sophisticated software environment, the
RF interrupt could be used to page portions of a larger than 4k-—
word return stack in and out of the RS memory. The starting
value for RF with an empty stack must be initialized to FFF hex.
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Since the RS is used for subroutine call processing, in
general SOURCE=RS and DEST=RS should never be used on the very
first or very last (ENDing) micro-instruction within a microcoded
word definition. Also, DEST=RF and SOURCE=RF should never be
used during these micro-instructions since they can produce
results that are difficult to predict. THe discussion on
instruction decoding contains some special cases when these rules
do not apply.

Due to timing constraints, the RS value may not be written
through the ALU to the DHI register directly, nor may it be
written to RAM. The RS value may be captuwred by the LATCH for
use in the subsequent clock cycle, may be written to the DS, and
may be written to DLO (or to DF or RP for that matter). RS may
be written to the address latch or the address counter on a
single clock cycle, but the address latch value will be written
too late for RAM tc be available {for use on the very next clock
cycle — wait one clock cycle before accessing RAM., The hardware
subroutine return function that copies the RS contents to the
address latch does allow RAM to be read on the subsequent clock
cvcle, however, since it uses different control circuitry.

— e —_—— e R R - —— AR -msanan S emtemaa

The data paths used for memory addressing and subroutine
control are shown in the bottom half of figure 1. The memory
addressing data paths connect to the return stack (RS), the
memory address counter (ADDRESS-COUNTER), the memory address
latch (ADDRESS-LATCH), the next address register (NAR), and the
memory page register (FAGE). The ADDRESS-COUNTER, ADDRESS-LATCH,
and NAR all manipulate the lowest 23 bits of program data, while
the FAGE register holds the next highest 8 bits of data, giving a
31 bit address space consisting of 256 pages of B megabytes. The
32nd memory address bit is ignored by the program memory cards.

There are several important limitations to using the memory
address path resources, most of which are designed to avoid
interfering with the automatic subroutine processing logic.

The EAM Address Latch - ADDRESS-LATCH
The RAM address latch (ADDRESS-LATCH, not to be confused

with LATCH which is attached to the ALU) is a 23-bit transparent
latch that is used to address memory for all functions except
automatic instruction decoding. Its outputs are enabled to
address program memory during all micro-instructions except the
first and last within a microcoded word. Data written to
ADDRESS-LATCH becomes a valid memory address approximately half-
way through the cycle in which it is written with DEST=ADDRESS~
LATCH. This leaves enough time for program memory to be
addressed and read or written during the very next clock cycle:

123484, 100. RAM! ( Store 123456 at addr 100)

>> DEST=ADDRESS-LATCH ;SET 100. X! ( addr 100 )

>>» SBOURCE=RAM ;SET X& D. ( Fetch value 123456)

Once set, the ADDRESS-LATCH retains its value until the next
instruction is fetched by the DECODE micro~operation, or until a
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DEST=ADDRESS~-LATCH or DEST=ADDRESS-COUNTER is uszed again.

The Address Counter - ADDRESS-COUNTER .

The ADDRESS-COUNTER is a 23-bit count-by-4 register which
has the lowest two bits always forced to zero. Its primary
purpose is to increment by one word address the values to be
stored on the return address stack, thus generating a return
address that points to the instruction after the subroutine call.
The ADDRESS-COUNTER may be set using the DEST=ADDRESS-COUNTER
micro-operation. This micro—-operation causes whatever data is on
the bus to flow through the ADDRESS-LATCH and into the ADDRESS-
COUNTER. This means that a DEST=ADDRESS-COUNTER micro-operation
also implicitly performs a DEST=ADDRESS-~ LATCH operation.

The ADDRESS-COUNTER may be incremented by 4 during any but
the first and last micro-instructions within & microcoded word
definition. The increment, which is specified by the INCLADC3I
micro-operation, occurs at the end of the clock cycle, and may be
combined with a SOURCE=ADDRESS-COUNTER micro-operation to read
the value present before incrementing. An interesting use of the
ADDRESS-COUNTER is to perform an INCLADC] followed by the next
cycle with a SOURCE=ADDRESS-COUNTER DEST=ADDRESS-LATCH. This
provides a capability to step through words of program memory for
reading or writing. An example of using the ADDRESS-COUNTER iss

RESET-BOARD ( Among other things, this
' zeros the page register)
»>» DEST=ADDRESS-COUNTER 3SET 100. X!
( Also sets ADDRESS-LATCH to same value)
»» INCLADC] ;DO .
>> SOURCE=ADDRESS-COUNTER :SET X& D. ( Value of 104)

The next address register (NAR) is the closest thing there
is to & program counter in the CFU/32. The NAR is a 23-bit
holding register for the addrecs of the next instruction. Each
CFU/32 instruction specifies the next instruction to be executed
with a subroutine call, subroutine exit, or unconditional branch.
This means that the NAR does not increment to determine
instruction addresses, but rather is reloaded at the end of the
instruction fetching process. The section on instruction
decoding will clarify this point.

The NAR is loaded using the DEST=DECODE instruction, which
is only useful for purposes discussed in the section on
instruction decoding. The NAR may not be read back directly, but
its contents may be accessed in single-stepping mode by
performing a dummy instruction decode that copies its contents
into the ADDRESS-COUNTER. The NAR's outputs are enabled for
program memory addressing only during the first and last micro-
instructions within a microcoded word definition.

'

Fage Register - FAGE

Ih

1%

The FAGE register is used to extend the memory address range
beyond the 23 bits provided by ADDRESS~-COUNTER, ADDRESS-LATCH,
and NAR. The FAGE register ic set to zero by the RESET-ROARD
command, and may only be changed with the DEST=FAGE micro-
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operation. The FAGE register contents are always appended to the
high end of the ADDRESS-COUNTER value, and may be examined by
reading the ADDRESS-COUNTER:
HEX
»» DEST=ADDRESS-COUNTER ;SET 0045678C,. X!
( Set ADDRESS-COUNTER 2Z-bit value)
*» DEST=PAGE 3;S8SET 74800000, X!
( 8-bit FABE register value is E9 hex,
starting with bit 23 of value)
»» SOURCE=ADDRESS-COUNTER ;SET X& D.
( Returned value is 74CS678C. )
DECIMAL RESET-EODARD

Since the page register contents are used for generating
bits 23-31 of the memory a-dress, the page register selects which
of 2546 non-overlapping banks of 8 megabytes is in use at any
given time. Inter-segment memory accesses may be accomplished by
saving the FAGE register value for the program, setting PAGE to
accessed the desired memory location, then restoring the PAGE
register value before the next instruction is decoded.

Restrictions

As discussed in the return stack section, the sequencesL
SOURCE=RS DEST=ADDRESS-LATCH and SOURCE=RS DEST=ADDRESS-COUNTER
are valid, but result in a memory address which is set up too
slowly to provide valid RAM accessing during the next clock
cycle. Wait one clock cycle before reading or writing RAM when
using these constructions.

Never perform a SOURCE=RS, DEST=RS, DEST=FAGE, DEST=DECODE,
SOURCE=ADDRESS—-COUNTER, DEST=ADDRESS-COUNTER, DEST=ADDRESS-LATCH
or INCLADC] during the first or last clock cycles of a microcoded
instruction. Doing so will interfere with instruction decoding
and crash whatever program is executing. Exceptions: on a
SFECIAL instruction {(which is guaranteed not to contain a
subroutine call or return) SOURCE=RS, DEST=RS, and
SOURCE=ADDRESS-COUNTER may be used in the first micro-
instruction; and on an instruction that is known to be a
subroutine call (such as the Forth LIT word implementation in
MVP-FORTH/3Z2) SOURCE=ADDRESS—-COUNTER may be used to access the
value being written to the return stack on the first micro-
instruction. The section on instruction decoding explains the
reason for these limitations. ,

The ADDRESS~COUNTER must be restored to its original value
before the last micro-instruction of a word if it has been used
for memory addressing, otherwise subroutine calling on the
subsaquent word will not work properly. 1f a DEST=DECODE micro-
.operation is used, the ADDRESS-COUNTER must be set to the memory
address used to fetch the macro-instruction. A typical two
micro—instruction sequence to accomplish this is:

... DEST=ADDRESS-COUNTER ... ( Set address to decode)
( set ADDRESS-LATCH too)
... SOURCE=RAM DEST=DECODE ...( Detode instruction)

XA

o
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The CFU/3Z2 comes with a standard 1 megabyte of program
memory occupying two memory expansion boards of S12k bytes each.
Each board takes 1é& pieces of Hitachi HM62256 32k by 8 bit 120 ns
static memory chips (or equivalent), arranged as 128k words of
I2-bits. Up to a total of sixteen static memory expansion boards
may be used with the CFU/32 by setting jumpers on each board as
shown in Appendix A. In the future, dynamic memory boards will
allow addressability of up to 2 gigabytes of program memory.

The program memory is organized as up to 2 gigabytes of 32—
bit words, and is addressable as either bytes or words. Words
must always be aligned on word boundaries (evenly divisible by 4
memory addresses). For example, memory addresses 0, 4, 8, 12,
and 1é& are aligned on word boundaries, while Zddresses 1, 2, 3,
5, 6, and 7 are not. Frogram memory is accessed by first setting
the memory address in the ADDRESS-LATCH, then performing a
SOURCE=RAM or DEST=RAM operation. In order to write and then
read a 32-bit RAM value:

> > DEST=ADDRESS-LATCH ;SET 100. X!
>> DEST=RAM ;SET 12345678. X!

( Store 123454678 at address 10Q0)
»» SOURCE=RAM ;SET X@ D. { Fetch 12345478)

Program memory data takes one cycle to become valid after an
address is established. However, since the ADDRESS-LATCH outputs
are valid approximately halfway through the cycle in which they
are set, RAM may be read or written on the yery next micro-
instruction.

In word access mode, the lowest two bits of the ADDRESS-
LATCH value are ignored treated as if zero, forcing access on
gven word boundaries.

Frogram memcry may be accessed as an array of bytes instead
of full-words. If SOURCE=RAM-BYTE or DEST=RAM-BYTE are used, the
lowest 8 bits of the data bus are mapped onto the appropriate RAM
byte in the word being addressed. 1If writing to RAM, the highest
24 bits of the data bus are ignored. If reading from RAM, the
highest 24 bits of the data bus are set to zero. BRyte accessing
to RAM ie controlled at the memory chip level, so a
read/modify/write operation is not required to change a single
memory byte:

HEX
»» DEST=ADDRESS-LATCH ;SET 10Z., X! ( Address 102)
»» DEST=RAM §SET 123454678. X!
( Set 32-bit word 100 to 12345678 )
»» SOURCE=RAM~BYTE ;SET X€& D.
( Byte 102 value is 34)
»>» DEST=RAM-BYTE $SET 99. X!
*» SOURCE=RAM §SET X@ D.
{ New 32-bit word 100 value is 12995678)
DECIMAL :

ooy
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Restrictions

The output of the RAM is too slow to be fed directly through
the ALU on a single clock cycle. It may, however, be captured by
the LATCH for use on the cycle subsequent to the READ=RAM or
READ=RAM-BYTE micro-operation. As discussed in the section on
the return stack, do not read or write RAM directly from thelﬁs.

RAM is available for use on the cycle im%ediately after a
DEST=ADDRESS-LATCH or DEST=ADDRESS-COUNTER micro-operation,
except when the source is the RS (in which case a one clock cycle
wait is required). Feeding the output of RAM directly to the
ADDRESS-LATCH may appear to work in simple test cases, but will
lead to unreliable operation since the program memory’s data path
will be directly feeding back to its address path.

The instruction latch (IL) is an 11 bit transparent latch
that is used to contain a 9 bit opcode and 2 bits of subroutine
control information for an instruction. Opcode information is
written to the IL from bits 23-31 of the RAM data bus, and
subroutine control information is written from bits 0-1 of the
RAM data bus (according to the CFU/ZZ‘'s standard instruction
farmeat.) The micro-operation to do this is DESTsDECODE, which
alsc writes bits Z-Z2 to the NAR. Since the IL is a transparent
latch, information written to it is available as an input to the
micro—program counter during the cycle in which it is written.
This has important implications for instruction .decoding as
discussed in a later section.

The IL contents may be read to the data bus using the
SOURCE=MFC micro-operation. This is only useful for diagnostics
and interrupt processing. When reading back the IL, bits 23-31
and bits O-1 contain the IL information, and bits 8-1% contain
micro-program counter information.

The CFU/Z2 has a micro-program "counter" (MFC) to address
micro—program memory. The value that addresses micro-program
memory actually consists of an assembly of 12 bits from different
sources. Eit O (the lowest bit) is the output of the condition
code multiplexer. Eits 1 and 2 are constants from the micro-
instruction register. Rits 3-&6 come from a 4-bit counter within
the MFC, and bits 7-11 come from a register in the.MPC.

The micro-program counter is a 9 bit register whose lowest 4
bits may be incremented if desired. When an instruction is
decoded, the opcode is directly set into the MPC. This means
that micro-program memory is accessed as 512 opcodes, with e§ch
opcode having & page of 8 micro-instructions available to it
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Within a page of micro-program memory, the MPE value is left
undisturbed while the lowest three bits are manipulated by
JMPF=uxx micro-operations within the page as degcribed below.

If a microcoded operation requires more than 8 words of
micro—program memory, the INCIMFC] micro-operation may be used to
increment the lowest 4 bits of the MPC to jump to the next page.
The INCCMFC] must be used on the next to last micro-instruction
erecuted within a page, and the last micro-instruction must
cantain a JMF=uxx micro-operation to the micro-instruction of the

next page that is to be executed on the succeeding clock cycle.

The MFC may be read with the SOURCE=MFC micro-operation. h
Bits 11-19 contain the current MPC value. Other bits contain
other information about the IL and micro-program memory address.
In particular, bits 9-10 contain the two micro-instruction
register bits used to form bits 1-2 of the micro—program memory
address.

The condition code register (CCR) is used toc hold status
information for use in conditional microcode branches. It is
updated at the end of every clock cycle, and is not directly
accessible to high level language programs. The value of one of
the 8 possible condition codes is selected by the 3-bit micro-
instruction register conditional branching field to form the
lawest bit of the micro-program memory address for the subsequent

micro—-instruction. The 8 condition code values are:
micro- ‘
CCE assembler
oumber notaticn  description
G Q always has a O value
1 c logical inverse of ALU carry-out valid only

when an arithmetic ALU operation is
used during the preceding clock
cycle. A carry-out of 0 sets this
condition code to 1.

2 Z logical inverse of ALU zero test. When the
°  ALU output is zero, this bit is set
: to 0.
3 = Sign bit of ALU output. When ALU output bit
: 31 (before shifting) is i, this bit
is 1.

4 L Lowest bit of DLDO register. When DLO bit O is
a i, this bit is a 1. Bit reflects
contents of DLO before any shifting
or loading operation during a clock
cycle, o

S Unused - reserved for futdre expansion

b6 Unused - reserved for future expansion

7 1 Always 1 >

The CCR value may be read for diagnostic purposes in single-
step mode by selecting the CCR addressing number 0-7 with the
appropriate bits of the MIR, and using the SOURCE=MFC micro-
operation. Eit 8 contains the current CCR value for the
condition selected. * Other bits contain other . information about
the IL and micro-program memory address.
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The section on micro-instruction processing contains an
explanation of how to use condition codes in a microcoded word
definition. )

The Interrupt Register - FLAGS

The CFU/I2 supports interrupts for DS underflow/overflow, RS
underflow/overflow, and host service request, as well as a
software interrupt capability. The interrupt status register
forms the highest 8 bits of the FLAGS register (the lowest 8 bits
are formed by the host service registeri). The FLAGS register may
be set using the DEST=FLAGS micro-operation and may be read using
the SCOURCE=FLAGS micro-operation. Each bit of the FLAGS register
has a specific meaning:

FLAGS
BIT MEANING

24 Data stack pointer underflow/overflow

25 Return stack pointer underflow/overtlow

26 Host service reguest

27 Dynamic RAM parity error {(currently unused)
28 Software interrupt #2

29 Software interrupt #1

30 Software interrupt #0

31 Interrupt mask bit 1=masked, O=unmasked

Interrupts are inactive when their corresponding bits are O.
These bits must be set to O using a DEST=FLAGS micro-operation
when clearing an interrupt. The effect of any interrupts is
masked whenever bit 1 of the FLAGS register is 1, but the values
may still be read if desired using the SOURCE=FLAGS micro-
operation. ERits 24 thréugh 30 may be set to any value desired
using the DEST=FLAGE micro-operation to reset interrupt bits,
simulate interrupts or generate software interrupts. Care should
be taken not to over-write pending interrupt bit when setting the
FLAGS register.

If interrupts are unmasked, any interrupt bit that is ngn-o
will force an opcode of 1| to be executed at the next instruction
decoding cycle, and will disable any instruction fetching,
subroutine calling, exiting, and unconditional branching
operationg that may be in progress. Opcode 1 {s defined in MVF-
FORTH/32 to mask interrupts and invoke an interrupt handler.

Restrictions

Since only the lowest 4 bits of the MFC form a counter, the
INCIMFC] micro-operation must not be used from an MRAM page
number that is. 1 less than evenly divisible by 16 (i.e. don't use
INCCMFC] from MRAM pages 15, 31, 47, 63, etc.)

Any microcoded word that masks the interrupts by setting bit
31 of the FLAGS register must wait for a clock cycle before
executing a DECODE micro- operation to avoid generating another
interrupt.
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The MRAM is a 4k word by 32-bit memory used to store all
microcode in the system. As discussed previously, MRAM is
conceptually broken up into 512 pages of 8 words, with each page
corresponding to an opcode. MRAM may be accessed in Slave mode
by using the SOURCE=MRAM and DEST=MRAM micro-operations.
However, setting up the correct micro-program address involves
getting the appropriate page number into the MFC and the
appropriate offset value and condition code selection value into
the micro-instruction register. Therefore, use of the micro-
assembler words MRAM! and MRAME@ is highly recommended:

122745678, SOIZ MRAM! ( Store value in locatien S03)
S0% MRAME& D. ( Retrieve value 12345678)

The MIR holds the micro-instructions that actually make the
CFRU/32 perform all other functions. The MIR is a 32-bit register
that sends control signals throughout the CPU/32 hardware. The
MIR is broken up into fields as shown in Appendix B. Each group
of micro—assembler directives controls one or more fields within
the MIR. :

The MIR may be written using the MIR! micro-assembler word,
and read for diagnostic purposes using the MIRE word:

HEX
2345678. MIR! ( Store value in MIR)
MIRE D. { Returned value is 123454678)
»» DEST=DLO ;SET t
MIR& D. ( Microcoded bit pattern from s SET )
( is fetched, value is 40H00200)

DECIMAL >

The MIR is loaded on each clock cycle while in Master mode
from the contents of MRAM. However, during slave mode, it is
only loaded by the MIR! instruction, not by clock cycling from
CYCLE, X&, or X!. This allows retention of a valid micro-
instruction during repeated Slave mode operations.

Restrictions

MRAM may not be modified by the CPU/32 in Master mode, since
the MRAM supplies instructions to maintain Master mode operation.
1f the CPU/32 needs to modify MRAM while executing a program, set
up a service request to the host to make the desired change in
Slave mode, then return the CFU/3I2 to Master mode.

Up until this point we have examined only the furctione of
each resource of the CPU/ZZ in Slave mode.' This section
describes how instructions and micro-imstructiocns are executed in
Master mode.
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cInstruction Format

The CRU/Z2 instruction format consists of three fields: two
bits of subroutine control information in bits Q0-1 (lowest two
bits), a program address field in bits 2-23, and an opcode in
bits 24-31 (highest nine bits).

Bit: 31 ... 23 22 L..iccenn ceesersarnssas 2 1..0
m—————— o tm———
+ Opcode + Address . +Subr+
+ + +Ctl +
o e e e e +

The Subroutine control bits allow each instruction to be
either an unconditignal jump (value of 0), a subroutine return
(value ©of 1), or a subroutine call (value of 2). The value 3 is"
illegal for thecse 2 bits.

The 21-bit address field is the word address that has an
implicit lowest 2 bit value of 0 appended to form a word-aligned
2Z-bit byte address for addressing the next instruction to be
executed. This field is used for subroutine calls and
unconditional branches. The field is ignored during subroutine
return operations.

The opcode is a 9-bit value that directly addresses a page
of MRAM. Opcode O is reserved for use as a No-op, and opcodé 1
is reserved for use as the interrupt service \opcode. The opcode
is executed as the subroutine call, subroutine return, or
unconditional branch is processed, making subreoutine processing
“"free". :

High level instructions, called macro-instructions, consist
of the I2-bit opcode plus address and control format just '
described. The macro-instructions are fetched and decoded during
a three-clock-cycle sequence, called the decoding sequence. The
sequence is started by the DECODE micro-operation, which is
referred to as the DECO cycle. The END micro-assembler word is
used to denote the cycle after DECODE (referred to as the DECI
cycle). The first clock cycle of the subsequent instruction is
the last cycle of the decoding sequence, known as the DECZ2 cycle.

The DECO cycle, initiated by the DECODE micro-operation,
must always occur in the next-to-last micro-instruction executed
within a microcoded word. During the DECO cycle, the interrupt
flag registere are examined for pending interrupts, and the MFC
ie clocked with the value of the Instruction Latch (IL). If a
non-masked interrupt is pending, the MFC value is forced to 1
instead of the IL value and the ¢all and exit control bits are
set to O, causing an interrupt service word to start execution.

The DEC1 cycle, denoted by the END micro-assembler word,
must always occur in the last micro-instruction executed within a
microcoded word. During the DEC!1 cycle, the ADDRESS-COUNTER is
incremented to form a subroutine return address pointing toc the
next sequential word. If a subroutine call or unconditional
branch is specified by the instruction in the IL, the NAR ocutputs
are enabled to drive the RAM address bus. I+ a subroutine call
is being processed, then an INCIRP] is automatically performed.
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1f a subroutine exit is being processed, then the ADDRESS-LATCH
is loaded from the RS, and the ADDRESS-LATCH outputs are used to
drive the RAM address bus. The END micro-assembler word forces a
JMF=000 micro-operation to ensure that the Oth offset micro-
instruction is the first micro-instruction executed by the next
opcode.

The DEC2 cycle occurs during execution of the first micro-
instruction of the word that was held in the IL during the DECO
cycle. During the DEC2 cycle, if an interrupt is not being
processed, the ADDRESS-COUNTER is loaded from whatever value is
present on the RAM address bus, and the IL and NAR are loaded
with whatever value is on the program RAM data bus. All these
loads occur at the end of the clock cycle. Additionally, -if an
unconditional branch is being processed, the NAR is used to drive
the RAM address bus. If a subroutine call is being processad9
the NAR is used to drive the RAM address bus ‘..d the RS is
written with the contents of the ADDRESS-COUNTER. I a
subroutine exit is being processed, then the cohtents of the
ADDRESS-LATCH register are used to drive the RAM address bus and
the RF is incremented.

Each microcoded instruction must be at least two clock
cycles long. Since the IL is a transparent latch that contains
valid data before the end of a clock cycle, the opcode may be
read from RAM during the DEC2 cycle and clocked into the MFC in
the same clock cycle if desired. This means that the DEC? cycle
of one instruction may occur simultaneously with the DECO cycle
of the next instruction.

In the instruction decoding process, the next instruction to
be executed is being loaded into NAR and IL as the first micro-
instruction of the current instruction is being executed. Use of
the micro—operation DEST=DECODE allows changing the contents of
the NAR, IL, and subroutine control bits during the middle of a
microcoded word, just as if those registers had.been loaded with
the normal decoding sequence. The MVF-FORTH/Z2 word OEBRANCH and

other words exploit this fact.

There are some micro-operations that, while prohibited under
most circumstances, are essential for efficient program execution
for special cases. Be very careful when exploiting these special
cases, and do not rely on a single test to ensure correct
operations, since some violations of usage rules manifest
themselves as relatively infrequent random failures:

1) SOURCE=RAM will place the contents being fetched to the NAR
and IL during the DECZ cycle onto the data bus. This can be used
to fetch a data cell instead of an instruction by using a
subroutine call to the data cell. A manual subroutine exit
function using a DEST=DECODE must then be performed.

2) SOURCE=ADDRESS-COUNTER may be used during the DEC2 cycle to
fetch the contents about to be saved on the RS if the instruction
being executed is guaranteed to be a subroutine call. This'is

accomplished by having a special compiling word for the
microcoded word in the Forth kernel,

-
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3) SOURCE=RS, DEST=RS, SOURCE=RF, DEST=RP may all be used during
the DECZ cycle if the instruction being executed is guaranteed to

be an unconditional jump. This is accomplished by denoting the
microcoded word as SFECIAL with the micro—-assembler.

—_—— e e e - R e R S S e m R

Each CPU/32 opcode is implemented as a series of two é;‘mcre
micro-instructions. Each opcode starts on the MRAM page number
corresponding to the opcode number 0-S11. Each opcode may take
one to sixteen consecutive MRAM pages as required.

Within each page, the order of the micro-instructions is
unimportant, except that the first micro-instruction on the
opcode’s first page must be located at offset 0. The micro-
assembler assumes that instructions are to be processed in
sequential order (i.e. 0,1,2,3,4,5,6,7) unless instructed
ctherwise with the JMP=xxx micro-instruction.

The JMF=xxx micro-instruction, where the "xxx" may be
replaced with a large variety of binary bit patterns, allows non-
sequential conditional branching within and between micro-program
memory pages. As an example, consider the microcode sequence:

3 :: ALU=A+1 DEST=DHI ;:
4 :: ALU=A+1 DEST=DHI JIMF=110 ;;
& 1 ALU=A+1 DEST=DHI ;:

In this =equence, the characters "I ::" replace the familiar "&%39
which we have been using to load the MIR. Any number between O
and 7 followed by & "::" begins a micro-instruction definition
and sets the offset within the current micro—-program memory page
(set by the OFCODE: command described in part 3). The command
"i31" replaces ";SET" and actually writes the micro-instruction to
MRAM in the current page instead of to the MIR. In this example
the DHI register is incremented three times, with non-sequential
flow of control to MRAM offsets 3, 4, and 6. The "JMP=110"
micro-operation specifies the lowest three bits of the neuxt
micro-instruction to be 110, which is & decimal. Other
unconditional jump micro-operations are: JMF=000, JIMF=001, ... ,
JrF=111. :

Conditional jump micro-operations allow the lowest bit of
the subsequent micro-instruction’'s address to be determined by a
condition code, resulting in a two-way branch. For example:
ALU=A DEST=DHI ;;
JMF=118 DECODE 33
ALU=0 DEST=DHI END ;
: ALU=-1 DEST=DHI END ;
jumps from location 1 to location & if the ALY sign bit is ©
(binary offset 110) and location 7 if the ALU sign bit is 1
(binary offset 111). This microcoded word tests the DHI register
and sets it to O if the DHI value is non~negative, but sets DHI
to -1 if the initial DHI value is negative. Notice that there
are two possible last micro-instructions for execution, both of
which have an END micro-assembler directive.

0
1
)
7

During micro-program execution, the MPC/MRAM/MIR arrangement
forms a two-stage micro-program pipeline. The micro-instruction
tc be executed next is being fetched while the MIK controls ‘the
system with the current micro-instruction. This means that
conditional branching is accomplished using the condition code
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micro—instruction (in this case, the micro-instruction at offset
0.}
Allowable microcode branchee are:s

JMRP=000 JMF=001 JMF=010 JMF=011

JMF=100 JMP=101 JMP=110 JMF=111

JMF=00Z JMP=01Z JMP=10Z JMF=112Z

JMP=00C JMP=01C JMF=10C JMP=11iC

JMF=008 - JMF=018 JMF=10S JMP=115

JMP=00L JMF=01L JMP=10L JMP=11L
see the section on condition codes for an explanation of the
codes “zZ", "C", "8", and "L".

In MVF~-FNORTH/ZZ2, each microcoded definition is defined to
place the cop of stack element inm the DHI register (without using
an arithmetic ALU operation) at the END micro-instruction of each
word. That means that the very first micro-instruction of each
word may execute a conditional branch using the Z or S condition
cn its very first micro—-instruction.,

In the preceding sections, we have beern taking for granted
the availability of micro-operations to designéte bus sources and
bus destinations. A maximum of one bus source (specified by a
SOURCE=... micro-operation) may be enabled within any given
micro-instruction. IF no bus source is specified, the X! micro-
assembler command may be used in single-step mode to drive the
data bus. The SOURCE=HOST micro-operation explicitly specifies
this same micro-operation. The micro-acssembler word SOURCE=LATCH
is a dummy operation to be used to explicitly give a source for
the E side of the ALU, and must be used in the same micro-
instruction as a SOURCE=DHI micro-operation. '

-

One bus destination ray also be specified within a micro-
operation. As & special case, DEST=DLO may be used
simultaneously with any other DEST=.... micro~-operations due to
the way DLO is implemented in hardware. The micro-assembler
words DEST=LATCH and DEST=DHI are dummy operations for
documentation purposes. This means that whatever data is on the
bus may be used for the ALU B side input and be written to DHI as
well as any other desired bus destination.
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Fart Three

Introduction
Interactive Devel opment
The Cross Compiler
Sealed Vocabulary
Exercising Mew Commands
Current Limitations
The Micro-Assembler
Defining Microcoded Definitions
Examples

Introducticn
All software used to develop the WISC CPU/3I2 was written in
MVF-FORTH. Any programming language with access to the host
adapter card‘s 8 ports could have been used, but Forth’s power
and degree of control made it ideal for the task.

Interactive Development

The unique interactivity of Forth made possible the step-by-
step development of the system software along with the CPU/32
hardware. Each part of the hardware was immediately tested with
simple Forth functions in a single-stepping mode from the host
computer. When the hardware implementation was complete, the
necessary software also was essentially complete. The fully
functional system could be immediately tested with this boot-
strapped software.

The cross—compiler and micro-assembler are closely
interrelated to each other as well as to the hardware. We have
described the hardware first since understanding the hardware is
essential to understanding the software beyond the high level
Forth source code level of detail.

As was demonstrated in the hardware portion of this
documentation, interactive testing using the single-step Slave
mode of the CFU/32 is the best way to learn the system. In the
case of other software, the best way to learn the use of the
software is by experimenting with the functions of various words
from the Forth interpreter.

The cross—compiler is used by the host to generate a run-
time, object code kernel on the CFU/32. It links primitives
created by the micro—assembler with any required program
structures and functions. When finished, an image of the first
32k bytes of RAM and all micro-program memory MRAM residing in
the CFU/ZZ is saved by the host to Forth blocks on disk using the
8&YE-ALL function. When performing a cold start, the LOAD-ALL
furction must be used to initialize the CPU/3Z's memory.
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The cross—compiler maintains a sealed vocabulary containing
“all the macro functions currently defined for the board. At the
base of this dictionary are special cross—compiler words such as
IF, ELSE, THEN, : (colon), and ; (semi-colon). After cross-—
compilation has started, words are added to this sealed
vocabulary and are cross-compiled on the the CFU/32. Whenever
the keyword CROSS-COMFILER is used, any word definitions,
constants, variables, etc. will be compiled to the board.

Ry entering the Forth word { (left brace,) the cross-compiler
enters immediate-CFU/32-execution mode from the host. Any words
subsequently typed in are searched for in the sealed vocabul ary
and, if found, are executed by the CPU/32. Numbers must be
entered with a decimal point (32-bit integer in MVF-FORTH) to be
correctly transferred to the CFU/32°'s data stack. As an example,
from the host PC type in: \

CROSS-COMFILER B
{ 3. 6. + 3 ( Displays START..END) .
D. . ( Displays 9)

FORTH

"START.." and "END" are displayed for each word executed on
the CFU/32 in this mode of operation. If execution freezes
between these two displays,  the execution of a cross—compiled
word from the host has failed and the CFU/32 is hung. A soft
reboot of the host FC ie recommended.

The immediate execution mode works by building a special
Forth word on the CFU/32 to execute the desired function,; copying
the data stack to the CFU/32, transferring control to the CFU/32
in Master mode, then stopping the CFU/32 and transferring back
the resulting data stack. Entering the Forth word 2 (right brace)
will leave the immediate execution mode and return to the cross-
compiler. No colen definitions or other creation of dictionary
erntries should be attempted while be=tween { and .

Current Limitaticng

The current croses—-compiler cannot keep track of the
dictionary pointer, etc. on the CFRU/3Z2 if any changes are made to
the dictionary by the CPU/32's kernel. This means that no cross-—
compiling or micro—-assembly may be done after MVF-FORTH/32 has
altered the dictionary in any way. This could be changed by
modifying the cross—compiler to query key variables from the

CRU/Z2 after each BYE command from MVUF-FORTH/3Z.

Cross-compiled code should be kept to a minimum, because it
i time-consuming and tricky to write. After a minimal kernel
has been generated, the CFU/Z2 should do all further Forth
compilation.

The Micro-Assembler

The micro—ascsembler is a tool to save the programmer from
having to set all the bits for microcode by hand. It allows the
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use of mnemonics for setting the micro-operation fields in a
micro-instruction and, for the most part, automatically handles
the micro-instruction addressing scheme. The micro-assembler and
" cross-compiler are co-resident. They share routines for
accessing the CFU/Z2’'s resources and the sealed host dictionary.

Caution: writing microcode is not for the faint of heart!
When using microcode, you are directly controlling signals on the
wires of the printed circuit boards. 1f your microcode does not
work as expected, you should re-read the applicable portions of
Fart Two of this documentation. It may, in some exceptionally
tricky cases, be necessary to consult with tHe hardware
schematics to resclve a tough question about what the hardware
will and will not do. Fay particular attention to the
"limitaticn" sections in applicable documentation. Some timing
constraint violations will not show up with complete consistency.
We recommend that you test each new microcoded definition with a
DO LOOP that executes at least ten million times, using worst-
case (and/or random) data and checking for correct and consistent
results.

Fart Two of this document goes into detail about the
meanings of the various micro-operations that may be combined to
make up each micro-instruction. This section covers how to

actually run the micro-assembler to define microcoded words on
the CFU/ZZ. '

The word OFCODE: starts all microcoded defipitions. The
input parameter is the page number (from O to S11 decimal) in
which the cpcode recsides. For example, the word + is opcode 8.
This means that whenever an 8 appears in an opcode field (which
would look like O40xxxxux hex in a 3Z-bit word,) the word + will
be executed while any concurrent subroutine call, subroutine
exit, or unconditional branch is being processed. The character
string after OFCODE: is the name of the opcode that will be added
to the cross-compiler and CFU/3Z dictionaries. It is the
programmer ‘s responsibility to ensure that two opcodes are not
assigned to the same MRAM pege.

The word ;3;END signifies the end of the definition of a
microcoded primitive. Its main purpose is to return to the
cross-compiler vocabulary.

The variable CURRENT-OFCODE contains the MRAM page currently
assigned by OF-CODE: . It may be changed using the Forth !
(store) word to facilitate multi-page definitions in conjunction
with the INCIMFC] micro-operation.

The word :: (double colon) marks the start of the definition
of a micro-instruction. The number before :: must be from O to
7, and signifies the offset from O to 7 within the current MRAM
page for that micro-instruction. Micro-instructions may be
defined within the page in any order desired. the word "ag ™
(double semi-colon) is used to end each micro-instruction
definition and copy the assembled bit pattern to MRAM.
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When single~stepping microcode via the MIR instead of
loading MRAM, the word ">>»" may be used instead of "0 ::" since
the offset within a page is irrelevant. Addi&ionally, the word
"§SET" must be used instead of ";3;" to direct:the micro-
instruction to the MIR instead of MRAM. The wérd "3;DO" may be
used instead of the sequence "3;SET CYCLE".

At this point, the next step towards learning the CFU/32 is
to read and understand the examples provided in the source code
given in Appendices E through 6. The single-stepping test code
in Appendix G provides examples of about every conceivable way to
route data around in the CFU/32.

Most custom microcoded words that are needed in applications
can be created by simply copying one of the pre-defined words to
a new source screen, changing the opcode number, and modifying
the definition. Rs an example, the word ORC! differs from +!
only in that the ALU=A+E function was changed to ALU=AorE, and
that the RAM word accesses were changed to RAM-BYTE accesczes,

AFFENDIX A

Host Data Bus Interface

WRITE FORT ADDRESSES
300 WRITEC - DATA EBUS (AUTOMATICALLY SEQUENCED)

J01 WRITEL1 ~ MIR (WRITE 4 TIMES JUST LIKE WRITEM
* WRITEZ - SINGLE STEF ROARD CLOCE

WRITEZ -~ START BRUARD

WRITE4 - STOF BOARD

305 WRITES - SET DMA MODE

306 WRITES — RESET DATA BUS SEQUENCER & DMA MODE
307 WRITE7 - SERVICE REGUEST REG % INTERRUPT

READ FORT ADDRESSES
300 READO - DATA BUS (AUTOMATICALLY SEQUENCED)
301 READL - MIR (READ 4 TIMES JUST LIKE READO)
302 READ2 - STATUS REGISTER (8 RITS)

303 READI -

304 READ4 -

305 READS -

306 READS -

J07 READ7 -
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ROARD #BITS EITS NAME  FUNCTION
INT 4 0=-3 SRCx BUS SOURCE SELECT
INT 4 4-7 DSETx BUS DESTINATION SELECT
INT e 8-9 DCTLx DF COUNT CONTROL
INT s 10-11 RCTLx RF COUNT CONTROL
INT 2 12~12 SSElLx ALU MULTIFLEXER SHIFT CONTROL
INT 1 14 unused —— MIR14
INT 1 S unused -- MIRILS
DATA 4 16—-19 ALUFx  ALU FUNCTION RAW INFPUT
DATA 1 20 MODE ALU MODE
DATA 1 21 CIN ALU/SHIFT CARRY-IN
DATA 2 22-23 DSHx DLO SHIFT/DEST CONTROL
ADDR 3 24-26 CONDx CONDITION CODE SELECT BITS
ADDR 2 27-28 MADx NEXT MICRO-ADDRESS CONSTANT BITS i-2
ADDR 1 29 INMPC INCREMENT-MPC CONTROL
ADDR 1 30 NDECO NOT-DECODE ERIT
ADDR 1 31 INAD INCREMENT ADDRESS .COUNTER RIT
Micro-Assembler Mnemonic Summary
Microz :
cperation
figld Valde  Mnemeonic
ERC O SOURCE=HOST (default)

1 SOURCE=DF

2 SOURCE=DS

3 SOURCE=DLO

4 SOURCE=DHI

= MULTIFLY

& DIVIDE-SELECT

7 SOURCE=FLAGS

= SOURCE=RF

9 SOURCE=RS

10 SOURCE=ADDRESS-COUNTER

11 SOURCE=RAM

1z SOURCE=RAM-BYTE

13 SOURCE=MFC

14 SOURCE=MRAM

15 SOURCE=FFU (unimplemented)
NSTx Q (default) no bus destinatior

1 DEST=DF

2 DEST=DS

3 (unused)

4 DEST=FAGE :

S DEST=ADDRESS-LATCH

6 DEST=8TATUS
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ue Mremcnicg

DEST=FLAGS

DEST=RF °
DEST=RS
DEST=ADDRESS-COUNTER
DEST=RAM

DEST=RAM-BYTE
DEST=DECODE

DEST=MRAM

DEST=FFU (unimplemented)

DECLDF1
INCLDF3]
no-op (default)
unused

no-op (default)
(unused)
INCCRP1]
DECLRF]

(pass ALU urnchanged) (default)
SRLALUIL

SLLALUD

ROLLLALU]

(logical ALU functions Mode=1)

ALUFx

O

SN0 RN A & B I %

(arithmetic ALU

ALUF %

LB ONDOU LR -

AlLU=notA
ALU=Anor kR
(unused)
ALU=0
ALU=Anandk
ALU=notEk
ALU=AxorEk
(unused)
(unused)
AlLU=Axnork
ALU=ER
ALU=AandER
ALU=-1
(unused)
AlLU=RorE
ALU=A (default)

functions Mode=0, CIN=0)

ALU=A+1
(unused)
ALU=AornotE+1
(unused)
(unused)
(unused)
ALU=A-EK
(unused)
(unused)
ALU=A+E+1
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N
S

i
i
10

fpal

tield Yalug  Mnemonic

10 (unused)

11 (unused)

12 ALU=A+A+1

13 (unused) '
14 (unused)

15 (unused)

(arithmetic ALU functione Mode=0, CIN=1)
ALUF Q ALU=A+0
(unused)
ALU=A~E~1
{(unused)
(unused)
(unused)
ALU=A-E&
(unused)
(unused)
ALU=A/+E+1
10 (unused)
i1 (unused)
1z ALU=A+A+1
173 (unused)
14 (unused)
15 (unused)

N (eRENIE ol A B S b B

CIN 0 CIN=0 (default for logical ALU operations)
CIN=1 : ’

[y

DSHx (no-op) (default
SRIDLO]
SLIDLO]

DEST=DLO

b)Y e O

IJMP=xx0
JMF=yuC
IMP=xxZ
JMF=unS
JMP=xxL
(unused)
(wnused)
JMF=M1

COND:«

No 0> R) e

JMP=00x
JMP=01n
JMP=10x
JMP=11x

MADx

~

DR S e

INMFC O (no-op) (default)
1 INCIMFC]

MDECO O DECODE
1 (no—op) (default)

INAD Q {(no-op) {(default)
1 INCLADC]
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Each instruction performs a simultaneous micro-coded
primitive execution and a jump. The microcoded primitive starts
at micro-code word offzet O of the microcode page held in the op-
code field. The address field contains the word address of the
next instruction to be executed. The jump mode field controls
whether the address field is a jump target, or whether a
subroutine call (DOCOL) or subroutine return (EXIT) is to be
performed.

In the case where the next instruction is at the next
consecutive memory address, the JUMF mode is used with the
address field of the instruction set appropriately. All
instructions must be aligned on word boundaries

JUMF MODE FIELD:
BITS 0-1: Q0 = JUMF (eliminates tail-end recursion)
(also for jump to next sequential address)
01 = Subroutine exit
10 = Subroutine call

11 ILLEGAL

ADDRESS FIELD:

BITE Z2-2Z: High Z1 bits of the 23-bit address of Jjump
destination. The low two bits of the address are assumed to'be
zero (i.e. aligned on a word boundary.)

\

OF CODE FIELD:

BITS 23-31: These 9 bits set the page register of the micro-
program counter for the next op-code.

DECODING SECUENCE

CYCLE ACTION

DECO Clock interrupt register near falling ¢lock edge
Clock micro-program counter at end of clock cycle

DEC1 Increment address counter on rising clock edge
Enable next address register outputs to RADux
IF EXIT, then clock Ram Address Latch from RS
and enable RAL outputs instead of
Next Addr Reg ENDIF
IF CALL then decrement RF ENDIF

DEC?Z (Mote: DEC2 from one inmstruction may occur simul-
taneously with DECO of the next instruction)

Enable Next Addr Reg outputs to RADux

IF  EXIT, then enable RAL outputs and increment RF
ENDIF

IF CALL, then write address cowunter to RS on
rising clock edge ENDIF

IF no interrupt, then clock next address register,

next address register, and instruction latch
ENDIF

Clock address counter from address bus
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INTEREUET HAMDLING ACTIONS

"If an interrupt cccure, then the MFC is loaded with a
reference to instruction # 1 {interrupt handler) on DECO. Also,
EXIT and CALL are inhibited during this clock cycle. The
interrupt handling micro-instruction is expected to save the
contents of the next address register, the page register, and the
instruction latch, and set the interrupt mask bit. IMFORTANT:
The interrupt handling word must wait one clock cycle after
setting the interrupt mask before doing its own DECODE!!!

Since the next address register is not clocked if an
interrupt is in progress, the next address register, instruction
latch, and page register all contain the data of the instruction
that was about to be executed when the interrupt occurred.

INTERRUFT FLAGS

EIT CONTENTS
24 DATA STACK FOINTER ERROR

258 RETURN STACE FOINTER ERROR

26 HOST SERVICE REQUEST (HOST WROTE TO SERVICE RER REG)
27 DYNAMIC RAM PARITY ERROR (UNIMFLEMENTED)

28 Software interrupt #2

29 Software interrupt #1

30 Software interrupt #O0

I1  INTERRUFT MASK  (1=ENABLE 0O=MASK)

sumHARY OF IMFORTANT MICROCCDING FESTRICTIDNb

1} In gerneral, never use the RS or RF during the, first or last
micro-instructicn of & word.

2) Mever route the RE or RAM through the ALU in a single clock
cycle. )

I) Never route RS to or from RAM data directly.

4) Wait one clock cycle before using RAM after setting ADDRESS-
LATCH from the RS.

9) Always use a DECODE on the next to last micro-instruction
executed and an END on the last micro-instruction executed in
each definition.

&) Never use an arithmetic ALU operatidn on the last micro-
operation of a word.

7) MNever use a JMP=xxZ micro-operation immediately following an
ALY arithmetic operation.
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T APPENDIX D

—DRAWENGS™

QX;' —HETHSTCNAL-NAME-DOCUMENTATION

Signal Descriptions for HOST Board
("*" indicates inter-board connection)

NOTATION SIGNAL DESCRIPTION

AEN PC-Bus address enable (active low)

ALE PC-Bus address latch enable -- used to latch PCAx
DIR INTxx transceiver direction HI=host=->CPU/32

DMA DMA mode |

INTO * Inter-box data bus (from host interface
cesee * .. card to CPU/32) bits 0-31
INT31 * .

MASTR Master mode

NCYCL' NOT-clock cycle request to CPU/32

NDMA NOT-DMA mode

NDMC NOT-DMA cycle clock request

NDMIR NOT-Destination MIR signal to CPU/32

NIOR PC-Bus NOT-I/0O read signal

NIOW PC-Bus NOT-I1/0 write signal

NMAST NOT-master mode

NPCDK PC-Bus NOT-DMA Acknowledge (DMA channel 3)
NRDO NOT-read from I/0 port offset O

NRD1 NOT-read from I/0 port offset 1 \

NRD2 NOT-read from I1/0 port offset 2 '

NREF PC-Bus NOT-refresh signal (DACKO for RAM refresh)
NRES NOT-power on reset

NSEL NOT-board select

NSELO NOT-Select INTXx data bits (0-7) to/from PC
NSEL1 NOT-Select INTxxX data bits (8-15) to/from PC
NSEL2 NOT-Select INTxx data bits (16-23) to/from PC

NSEL3 NOT-Select INTXx data bits (24-31) to/from PC
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NSMIR NOT=Source MIR signal to CPU/32
NWRO NOT-write to I/0 port offset 0=7
NWR7 .
NXENB NOT-enable transceiver to PC data bus
NXRDO NOT-intermediate read 0

(conditioned to form NRDO)
NXWRO NOT-intermediate write 0

(conditioned to form NWRO)
PCO Internally buffered 8-bit pc data bus
PC7 oo
PCAQ PC-Bus address bits -- used for I/0 purt selection
cocoe .« (Direct from PC-bus)
PCAS .o
PCADO PC address for read/write port offset decoding
PCAD2 oo
PCDO PC-Bus data bits
PCD7 o0
PCDRQ PC-Bus DMA Request from board (DMA channel 3)
PCIOR I/0 Read in progress
PCIOW I/0 Write in progress
PCRES PC-Bus reset signal (active high)
PCTC PC-Bus terminal count \
PULLX 4.7K Ohm pull-up resistor >
XNCYC * Inter-box signal for NCYCL
XDIR * Inter-box signal for DIR
XNDMR * Inter-box signal for NDMIR
XNDSV * Inter-box signal for NDSRV
XNMAS * Inter-box signal for NMAST
XNREF * Inter-box signal for NREF
XNSMR * Inter-box signal for NSMIR
XNSST * Inter-box signal for NSSTA

Signal Descriptions for INT Board
("*" indicates inter-board connection)

NOTATION SIGNAL DESCRIPTION

ALU31 * ALU31 highest bit for sign conditional branching
From ALU board

BUSO * System data bus (32 bits)

BUS31 * o0



CLOCK

DCTLO
DCTL1

DLOLO
DPO
DP11
DSTO
DST3
DVOSC

FASTC

INTO

INT31
MADO

MAD11
MASTR
MIRCK
MRXDR
NACOT

NALUO
NBYTE
NCKFP
NCSMR
NCYCL
NDADC
NDDEC
NDDP
NDDS
NDFLG
NDFPU
NDIV
NDMA

NDMIR
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Data stack pointer control bit 0 from MIR
Data stack pointer control bit 1 from MIR

Lowest bit from DLO register from ALU board

Data stack pointer

..

Bus destination control select from MIR
Divided crystal frequency

System clock that is a few nano-seconds ahead of CLOCK
for use with RAM writes and latch clocking

Inter-box data bus (from host interface

.. card to CPU/32) bits 0-31 .
MICROADDRO MICROCODE RAM ADDRESS .
MICROADDRI11

Master mode

MIR register clock signal
Micro-instruction to bus xceiver direction

NOT-ALU caryy out from ALU board

NOT-ALU=0 from DATA to ADDR boards
NOT-byte access control

NOT-cycle FPU clock

NOT-chip select for MRAM

NOT-clock cycle request from host
NOT-DEST ADDRESS~COUNTER

NOT-DEST decode

NOT-DEST DP

NOT-DEST DS

NOT-DEST INTERUPT FLAGS
NOT-bus destination FPU & cycle FPU clock

NOT DIVIDE-SELECT
NOT-DMA transfer mode

NOT-Destination MIR signal from host to CPU/32



NDMRA
NDPAG

NDPER
NDRAL
NDRB
NDRP
NDRS
NDRW

NDSRV

NDSTA

NDSWE

NDSXE

NHOST

NINTR

NMAST

NMRXE

NMULT

NPCEN

NREF

NRPEN
NRPER

NRSWE
NRSCS
NRSXE

NSADC
NSDHI
NSDLO
NSDP
NSDS

NSFLG

NSFPU
NSMIR
NSMPC
NSMRA
NSPC
NSRB
NSRP
NSRS
NSRW

NSSTA

W

* ¥ % F
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NOT-DEST
NOT-DEST

456
MRAM
RAM ADDRESS PAGE REGISTER

NOT~Data stack pointer overflow/underflow
NOT-DEST RAM-ADDRESS-LATCH

NOT-DEST RAM-BYTE

NOT-DEST RP

NOT-DEST RS

NOT-DEST RAM-WORD

NOT-Destination service requést register
(loading signal from host)

NOT-DEST STATUS REGISTER

NOT-DS RAM chip write enable

NOT-DS to bus transceiver enable

NOT-host interrupt

NOT—interfupt to PC HOST when dest=host reguest
NOT-master mode

NOT-micro-instruction to data bus xceiver enable
NOT MULTIPLY-SELECT

NOT-enable PC to bus xceiver from host
NOT~refresh command‘from host for DRAMs

NOT-Return stack count up/down enable
NOT-Return stack pointer over/underflow

NOT-RS write enable for stack RAM chips
NOT-RS chip select for return stack RAM chips
NOT-RS to bus xceiver enable

NOT-SOURCE ADDRESS~COUNTER

NOT-SOURCE
NOT-SOURCE
NOT~SOURCE
NOT-SOURCE

NOT-SOURCE

DHI & HOLD B-SIDE ALU LATCH
DLO

DP

DS

SERVICE REQUEST (0-7)

/INTERRUPT FLAGS (24-31)

NOT-bus source FPU
NOT-bus source MIR

NOT-SQURCE MPC

NOT-SOURCE MRAM

NOT-SOURCE PC -- host data buffer to bus
NOT-SOURCE RAM-BYTE ’

NOT-SOURCE RP

NOT-SOURCE RS

NOT-SOURCE RAM-WORD

NOT~-Source Status register from CPU/32 to host
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NWAIT * NOT-Open collector clock cycle wait request
for use by slow memories

NWMRA *  NOT-write MRAM conditioned
write-enable signal to MRAM memory CHIPS

0scC * Clock frequency without cycling/waiting inhibits
PULLG  4.7K Ohm pullup resistor

RALCK * RAM address latch clock
~- conditioned for DMA transfers.

RCTLO * RS control bit from MIR
RCTL1 * RS control bit from MIR

RPO ) RETURN STACK POINTER BITS 0~11
ceees .. Up to 4K bytes of addressability
RP11 .o

RPUP * Return pointer up/not-ééwn control bit

RSO * Return stack data bus

RS31 * - ..

RSXC * RS bus transceiver direction control

SPLO * GND
SPL1 * +5v

SRCO Bus source control from MIR

SRC3 .-

SSELO * ALU shift selection control from MIR to ALU board
SSEL1 * e

XCLK * system clock bus version (inverted)
XNCYC * Inter-box signal for NCYCL
XNDMA * Inter-box signal for NDMA
XNDMR * Inter-box signal for NDMIR
XNDSV * Inter-box signal for NDSRV
XNINT * Inter-box signal for NINTR
XNMAS * Inter-box signal for NMAST
XNPCE * Inter-box signal for NPCEN
XNREF * Inter-box signal for NREF
XNSMR * Inter-box signal for NSMIR
XNSST * Inter-box signal for NSSTA
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Signal Descriptions for DATA Board
("*" jndicates inter-board connection)

NOTATION SIGNAL DESCRIPTION

ALUO ALU outputs (from ALU into multiplexor)
ALU30 oo

ALU31 * oo

ALUFO Raw ALU function inputs from MIR

casse .. (inverted & conditioned to form FUNCx)
ALUF3

ALUXO X carry-lookahead signal from ALU(Q0 -~ 3)
ALUX1 X carry-lookahead signal from ALU(4 - 7)
ALUX2 X carry-lookahead signal from ALU(8 =-11)
ALUX3 X carry-lookahead signal from ALU(12-15)
ALUX4 X carry-lookahead signal from ALU(16-19)
ALUXS - X carry-lookahead signal from ALU(20-23)
ALUX6 X carry-lookahead signal from ALU(24-27)
ALUX7 X carry-lookahead signal from ALU(28-31)
ALUYO Y carry-lookahead signal from ALU(0 - 3)
ALUY1 Y carry-lookahead signal from ALU(4 =~ 7)
ALUY2 Y carry-lookahead signal from ALU(8 -11)
ALUY3 Y carry-lookahead signal from ALU(12-15)
ALUY4 Y carry-lookahead signal from ALU(16-19)
ALUYS Y carry-lookahead signal from ALU(20-23)
ALUY6 Y carry-lookahead signal from ALU(24-27)
ALUY7 Y carry-lookahead signal from ALU(28-31)

BUSO * System data bus (32 bits)

°o 0o o o o @

BUS31 * ... \
CIN ALU Carry-in bit for ALU from MIR i
CKDHI Clock DHI register

CLOCK * system clock

DLOHI High shift out bit of DLO register

DLOLO * Low shift out bit of DLO register

DSHO DLO Shift control bit 0 from MIR

DSH1 DLO Shift control bit 1 from MIR

FASTC * FASTCLOCK

FUNCO ALU 74181 function & mode inputs

ooooo oo (conditioned for division as requlred)

FUNC3 .o

LATEN Enable transparent latch on B-side ALU input (pass bus

data through to ALU)

MADO * MICROADDRO MICROCODE RAM ADDRESS

MAD11 * MICROADDR11



MIRCK
. MODE

MRXDR
NALUO
NACOT
NCINO
NCIN1
NCINZ2
NCIN3
NCIN4
NCINS
NCING6
NCIN7
NCSMR
NDIV

NMRXE
NMULT
NSDHI
NSDLO
NSMIR
NWMRA
PULLA
PULLB

SLIN

SPLO
SPL1

SRIN

SSELO
SSEL1

XCLK
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MIR clock

ALU mode select from MIR
Micro-instruction to data bus Xceiver direction
NOT-ALU = zero for condition code
NOT-ALU carry out for condition code
NOT-ALU Carry-in bit for ALU (0-3)
NOT-ALU Carry-in bit for ALU (4-7)
NOT-ALU Carry-in bit for ALU (8-11)
NOT-ALU Carry-in bit for ALU (12-15)
NOT-ALU Carry-in bit for ALU (16-19)
NOT-ALU Carry-in bit for ALU (20-23)
NOT-ALU Carry-in bit for ALU (24-27)
NOT-ALU Carry-in bit for ALU (28-31)
NOT-chip select for MRAM

NOT DIVIDE-SELECT

. NOT-micro-instruction to data bus xceiver enable

t

NOT MULTIPLY-SELECT >
NOT~SOURCE DHI & HOLD B-SIDE ALU LATCH

NOT-SOURCE DLO
NOT-bus source MIR

NOT~write MRAM conditioned ,
write-enable signal to MRAM memory CHIPS

4,7 K-ohm Pull-up resistor
4.7 K-ohm Pull-up resistor

DLO shift left input bit

GND
+5v

Multiplexor shift right input for ALU multiplexor.

Multiplekor selection bit 0 from MIR
Multiplexor selection bit 1 from MIR

system clock bus version (inverted)
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Signal Descriptions for ADDR Board
("*" indicates inter-board connection)

SIGNAL DESCRIPTION

ACIN1
ACIN2

ADCEN
ALU31
BUSO
BUS31
BYTE
CALL
CKLRD
CLOCK
CLOKB
CONDO
COND2
DC12
DECO
DEC1
DEC2
DLOLO
EXIT
FASTC
INAD

INMPC

INTR

MADO
MAD1
MAD?2
MAD3

ooooo

* N % % o *

Address counter carry-in for bits (10-17)
Address counter carry-in for bits (18-22)

Address counter count enable from MIR

Sign bit from ALU output

System data bus (32 bits)

signifies that byte RAM accessing is being used
Subroutine Call being processed during decode

Clock low 2 bits of RAM data to
form CALL/EXIT bits

System clock
System clock =-- Second copy for fanout control

Condition code multiplexor control bits
.. from micro-instruction

Decode c¢ycle 1 or 2 ~-- debounced DEC1 OR DEC2
Decode cycle 0 -- "DECODE" microcycle

Decode cycle 1 == "END" microcycle

Decode cycle 2 -- 1lst cycle of next opcode

Low shift out bit of DLO register

Subroutine exit being processed during decode
FASTCLOCK

Address counter increment control bit from MIR

Increment MPC microcode control bit from MIR

Interrupt service required (used during Decode 0)

Condition code select next-microaddress bit
Next micro-address bit 1 from MIR

Next micro-address bit 2 from MIR

Next micro-address

LI

MIR clock

Micro-program counter data input bus



MRXDR
~ NACOT
NADOE
NALUO
NBYTE
NCAL2
NCALL
NCKFP
NCSMR
ND2CK
NDADC
NDADD

NDDEC

NDECO
NDEC1
NDEC2

NDFLG
NDFPU
NDMA

NDPAG

NDPER
NDRAL
NDRB
NDRS
NDRW
NEX1
NEXIT
NHOST
NINTR
NLDAD
NMRXE
NPRTY

NRAM

* % ¥ ¥ ¥

* % % %
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Micro-instruction, to data bus xceiver direction
NOT-ALU carry out condition code bit
NOT-address counter output enable

NOT-ALU equal to zero condition code bit
NOT-Signifies byte RAM accessing is being used

NOT CALL activated only during DEC2 cycle
NOT-currently processing a CALL command during decode
(subroutine return address stored to return stack.)

NOT-cycle FPU clock
NOT-chip select for MRAM
NOT-decode 2 clock for IL and NAR

NOT-DEST ADDRESS~COUNTER

NOT-DEST address latch (activated either for direct
write to address latch or for pass-thru to address
counter). il

NOT-DEST DECODE (simulates decoding of instruction and
loads next address register & instruction latch.)

NOT-zeroth cycle of decode from MIR

NOT~-1lst cycle of decode

NOT-2nd cycle of decode (may correspond with the
next NDECO) .

NOT-DEST INTERUPT FLAGS

NOT-bus destination FPU & cycle FPU clock
NOT-DMA transfer mode

NOT-dest page register

NOT-Data stack pointer over/underflow

NOT-DEST RAM-ADDRESS-LATCH

NOT-DEST RAM-RBRYTE

NOT-DEST RS

NOT-DEST RAM-WORD

NOT-EXIT activated during DEC1l cycle

NOT-currently processing an EXIT command during decode
(subroutine return address fetched from return stack)
NOT-host service request interrupt

NOT~interrupt pending (for Decode 0)

NOT-1o0ad éddress counter

NOT-micro-instruction to data bus xceiver enable

NOT-RAM parity error (open collector)

NOT-activate ram data xceivers to ram data bus



NRLOE

NRPER
NRPEN

NRSCS
NRSWE
NRSXE

NRXEH

NSADC
NSFLG

NSFPU
NSMIR
NSMPC
NSRB
NSRS
NSRW

NWMRA

OsC

PULLD
PULLE
PULLF
PULLG

RADO

RAD31

RALCK

RCTLO
RCTL1

RDO
RD31
RPUP
RSO
RS31

RSXC

SPLO -

SPL1

XCLK

L

N % N %

%
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NOT-RAM address latch output enable

468

NOT-Return stack pointer over/underflow
NOT-Return stack count up/down enable

NOT-RS chip select for return stack RAM chips
NOT-RS write enable for stack RAM chips
NOT-RS to bus xceiver enable

NOT-RAM to data bus xceiver enable for bits (8=31)

- NOT-SOURCE ADDRESS-COUNTER

NOT-SOURCE SERVICE REQUEST (0-=7)
/INTERRUPT FLAGS(24-31)

NOT-bus source FPU

NOT-bus source MIR

NOT-SOURCE MPC

NOT-SOURCE RAM-BYTE

NOT-SOURCE RS

NOT-SOURCE RAM-WORD

NOT-write MRAM conditioned
write-enable signal to MRAM memory CHIPS

{undivided crystal frequency)

4,7 pull-up resistor
4.7K pull-up resistor
4.7K pull-up resistor
4.7K pull-up resistor

RAM address bus fed to RAM boards

o o o

RAM address latch clock == conditioned for DMA
addressing and latch loading/flow-through. Note:
becomes transparent when this signal is high.

RS control bit from MIR
RS control bit from MIR

Ram data bus to/from ram boards &
..o toO next address register

Return pointer up/not-down control bit

Return stack data bus

c o

RS bus transceiver direction control

GND
+5v

system clock bus version (inverted)

latch
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Signal Descriptions for MEM Board
("*" indicates inter-board connection)

NOTATION SIGNAL DESCRIPTION

ADO Internal RAM address bus on this board
..... .. (Buffered from other boards by transmitters)
AD14 .

CLOCK * system clock

Do Internal RAM data bus on this board

ceees .. (isolated from other boards by xceivers)
D31 .o

NBDSL - NOT-board select based on address jumpers
NDRB * NOT-DEST RAM-BYTE

NDRW * NOT-DEST RAM-WORD

NENBO NOT-enable RAM bank 0

NENB1 NOT-enable RAM bank 1

NENB2 NOT-enable RAM bank 2

NENB3 NOT-enable RAM bank 3

NOE NOT-output enable for RAM chips

NRAM * NOT-RAM data Xceiver enable for all RAM boards

NWEOQ NOT-write enable bits (0-7) of active RAM bank
NWE1l NOT-write enable bits (8-15) of active RAM bank
NWE2 NOT-write enable bits (16-23) of active RAM bank
NWE3 NOT-write enable bits (24-31) of active RAM bank

RADO * RAM address bus from ADDR board

RAD30 .

* *

RDO * Ram data bus to/from ram boards &
cases ¥ ... to next address register
RD31 eee :

»

SPLO * GND
SPL1 +5v

»

XCLK * system clock bus version (inverted)



5,053,952

471

What we claim is:

1. A writable instruction set computer comprising:

data bus means for transferring data having a prede-!

termined number of bits;
addressable and writable main program memory;
means coupled to said data bus means for stonngl
macrocode, including instructions having the pre-
determined number of bits, and for storing data-
from and loading stored data onto said data bus
means;
memory address logic means coupled to said data bus
means and said main program memory means for
addressing said main program memory means;

addressble and writable micro-program memory;
means coupled to said main program memoryj
means for storing microcode instructions addressed
by the macrocode instructions;

arithmetic logic unit (ALU) means coupled to said|

data bus means for performign operations on data’
received from said data bus means as defined by the
microcode stored in said micro-program memory
means;

data stack memory means coupled to said data bus

means for storing data received from said data bus
means for use during program execution;

return stack memory means physically separate from

said main memory means, and coupled to said data-
bus means and to said memory address logic means;
for storing subroutine return address used during:
program execution, said memory address logic
means addressing said main program memory
means with the subroutine return address stored in
said return stack memory means while said ALU
means performs operations on data transferred
from said data stack memory means on said data
bus means;

clock means for generating a cyclic clock signal; and

execution control logic means coupled to said micro-

program memory means, ALU means, data stack
memory means, return stack memory means, data
bus means, and clock means for executing the mi-
crocode instructions, including performing only
one data transfer on said data bus means for each
clock signal cycle;

said data bus means providing only one communica-

tion path for transferring bidirectionally data be-
tween said ALU means, said data stack memory
means and said main program memory means.

2. A computer according to claim 1 wherein said
main program memory means stores each instruction as
the combination of an opcode and a main program
memory address.

3. A computer according to claim 2 wherein said
address included in said instruction comprises the ad-
dress of the location of the succeeding instruction in
said main program memory.

4. A computer according to claim 3 wherein said
execution control logic means is further for executing-
the operation specified by the opcode of a current mac-
rocode instruction while, simultaneously with the oper-
ation executing, said memory address logic means fet-
ches the macrocode instruction corresponding to the
address included in the current macrocode instruction.

5. A computer according to claim 4 wherein said
main program memory means further stores for a ma-
chine language program instruction, an indicator indi-
cating whether the succeeding operation is a subroutine
return, and said memory address logic means is further
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responsive to address information received from said
stack memory means for executing a subroutine return
simultaneously with the executing of the current opera-
tion, when the indicator indicates that the next opera-
tion is a subroutine return.

6. A computer according to claim § wherein said
main program memory means stores a condition code.
having one of a plurality of values including a predeter-
mined value, and a macrocode instruction comprises a
conditional branch opcode requiring execution of a
subroutine call if the value of the condition code is the
predetermined value, and a subroutine call address, said
memory address logic means further executing the sub-
routine call while said execution control logic means

: executes the conditional branch opcode, said memory

address logic means being responsive to said execution
control logic means for aborting the execution of the

“subroutine call if the value of the condition code is not

the predetermined value.

7. A computer according to claim 1 wherein said
ALU means comprises first and second input ALU
ports and an output ALU port, said computer further
comprising transparent latch means having an input
latch port coupled to said data bus means and an output
latch port coupled to said first input ALU port, said
latch means being controllable for either transferring
data input on said input latch port to said output latch
port or retaining data input on said input latch port
without it appearing on said output latch poret, and data
register means having a register input port coupled to to
said output ALU port and a register output port cou-
pled to said second input ALU port and to said data bus
means, said transparent latch means being for storing
temporarily data received from said data bus means
while data stored in said data register means is output to
said data bus means.

8. A computer according to claim 1 wherein each
macrocode instruction includes an opcode, and further
comprising:

data stack pointer means coupled to said data bus

means and said data stack memory means for only
storing one pointer pointing to an element in said
data stack memory mean,s wherein said execution
control logic means is further for setting the
pointer to point to any element in said data stack
memory means without altering the contents of
said stack memory means, the one pointer being the
only means for accessing an element in said data
stack memory means; and

interrupt means coupled to said execution control

logic means, and responsive to interrupt signals for
generating an interrupt opcode when an interrupt
signal indicates that the program execution is to be
interrupted;

said execution control logic means being responsive

to the interrupt opcode for itnerrupting program
execution by isnerting the interrupt opcode in
place of the next macrocode opcode, and thereby
interrupting the program execution only when a
next macrocode opcode is to be executed by said
execution control logic means, said execution con-
trol logic means further controlling execution of
the macrocode such that the pointer stored in said
data stack pointer means is set to point to a prede-
termined data stack element prior to executing
each new macrocode opcode, whereby the pointer
can be changed to point to different data stack
elements during execution of a macrocode opcode
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without altering the contents of said data stack
memory means.

9. A writable instruction set computer comprising:

bus means;

addressable and writable main program memory
means coupled to said bus means for storing mac-
rocode including opcodes, and data, and for load-
ing stored data onto said bus means;

memory address logic means coupled to said bus
means and said main program memory means for
addressing said main program memory means;

addressable and writable micro-program memory
means coupled to said main program memory
means for storing microcode addressed by the mac-
rocode opcodes;

arithmetic logic unit (ALU) means coupled to said
bus means for performing operations on data from
said bus means as defined by microcode stored in
said micro-program memory means;

data stack memory means coupled to said bus means
for storing data used during opcode execution;

execution control logic means coupled to said main
program memory means, said bus means and said
micro-program memory means, and responsive to
instructions received from said main program
memory means for executing the macrocode;

data stack pointer means coupled to said bus means
and said data stack memory means for only storing

15
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stack memory means, wherein said execution con-
trol logic means is further for setting the pointer to
point to any element in said data stack memory
means without altering the contents of said data
stack memory means, the one poitner being the
only means for accessing an element in said data
stack memory means; and

interrupt means coupled to said execution control
logic means, and responsive to interrupt signals for
generating an interrupt opcode when an interrupt
signal indicates that the program execution is to be
interrupted;

said execution control logic means bieng responsive
to the itnerrupt opcode for interrupting program
execution by inserting the interrupt opcode in
place of the next macrocode opcode, and thereby
interrupting the program execution only when a
next macrocode opcode is to be executed by said
execution control logic means, said execution con-
trol logic means further controlling execution of
the macrocode such that the pointer stored in said
data stack pointer means is set to point to a prede-
termined data stack element prior to executing
each new macrocode opcode, whereby the pointer
can be changed to point to different data stack
elements during execution of a macrocode opcode
without altering. the contents of said data stack

memory means.
* * * % %
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[57] ABSTRACT

A computer is provided as an add-on processor for
attachment to a host computer. Included are a single
data bus, a 32-bit arithmetic logic unit, a data stack, a
return stack, a main program memory, data registers,
program memory &ddressing logic, micro-program
memory, and a micro-instruction register. Each ma-
chine instruction contains an opcode as well as a next
address field and subroutine call/return or uncondi-
tional branching information. The return address stack,
memory addressing logic, program memory, and micro-
coded control logic are separated from the data bus to
provide simultaneous data operations with program
control flow processing and instruction fetching and
decoding. Subroutine calls, subroutine returns, and un-
conditional branches are processed with a zero execu-
tion time cost. Program memory may be written as
either bytes or full words without read/modify/write
operations. The top of data stack ALU register may be
exchanged with other registers in two clock cycles
instead of the normal three cycles. MVP-FORTH is
used for programming a microcode assembler, a cross-
compiler, a set of diagnostic programs, and microcode.

9 Claims, 90 Drawing Sheets
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is a transparent latch (implemented in the preferred
embodiment with standard 74ALS373 integrated cir-
cuits) that can either pass data through from the data
bus, or retain data present on the bus on the previous
clock cycle. This retention capability, along with the
capability to direct the contents of the ALU register
directly to the bus, allows exchanging the data hi regis-
ter with the data stack or other registers in two clock
cycles instead of the three clock cycles which would be
required without this innovation. Since exchanging the
top two elements of the data stack is a common opera-
tion, this results in a substantial increase in processing
speed with very little hardware cost over having multi-
ple intermediate storage registers.

In the preferred embodiment of the invention, a four-
way decoder is used to control individual 8-bit banks of
the 32-bit program memory. This, combined with data
flow logic in the interface between the program mem-
ory and the data bus, allows individual access to modifi-
cation of any byte value in program memory with a
single write operation. Conventional computers require
a full width memory read, 8-bit modification of the data
within a temporary holding register, and a full width
memory write operation to update a byte in memory,
resulting in substantially slower speeds for such opera-
tions. While the preferred embodiment employs this
new technique to modify 8 bits of a 32 bit word, this
technique is generally applicable to accessing any subset
of bits within any length of memory word.

The combination of appropriate software shown in
Appendix A that exploits the simultaneous processing
of conditional branching opcodes with subroutine calls
and the use of hardware stacks combine to form an
exceptionally efficient expert system inference engine.
An expert system rule base typically is formed by a
nested list of “rules” which can invoke other rules via
subroutine calls that are only activated under certain
conditions. The capability of the preferred embodiment
to simultaneously process each rule-oriented subroutine
call while evaluating the conditions under which the
subroutine call will either be allowed to proceed or will
be aborted greatly speeds up processing of expert sys-
tem programs. Expert systems can run at speeds of over
600,000 inferences per second on the preferred embodi-
ment using a 150ns clock cycle, which is a substantial
improvement over existing general purpose computers,
and in fact over most special purpose computers.

It will be seen that such a computer offers substantial
optimization of throughput while maintaining flexibil-
ity. It is also predicted that use of such a machine will
positively influence programs and programming lan-
guages to have improved structure and lower develop-
ment cost by not penalizing the modern software princi-
ple of breaking programs up into smail subroutines.

These and other advantages and features of the inven-
tion will be more clearly understood from a consider-
ation of the drawings and the following detailed de-
scription of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the associated sheets of drawings:

FIGS. 1 and 2 are a system block diagram showing a
preferred embodiment made according to the present
invention;

-

5

40

45

4
FIGS. 90 through 95 show a preferred placement of
the integrated circuits for FIGS. 3 through 89 on 5§
expansion boards for use in conjunction with a host
computer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT SYSTEM
HARDWARE

Referring initially to FIG. 1 and FIG. 2, a system
overview of the hardware of a writable instruction set
computer 100 made according to the present invention
is shown. Computer 100 includes a single 32-bit system
data bus 101. An interface assembly 102 is coupled to
bus 101 for interfacing with a host computer 103, which
for the preferred embodiment is an IBM PC/AT, made
by International Business Machines, Inc., or equivalent
personal computer. Assembly 102 includes a bus inter-
face transceiver 104, an 8-bit status register 105 for
requesting host services, and an 8 bit service request
register 106 for the host to request services of computer
100. In the preferred embodiment, the host interface
adapter 107 provides the necessary 8 bit host to 32 bit
computer data sizing changes. Hosts in other embodi-
ments would not necessarily be restricted to an 8-bit
interface.

Memory stack means are provided in the form of a
data stack 108 and a return address stack 109. Each
stack is organized in the preferred embodiment as 4
kilowords of 32 bits per word. Each stack has an associ-
ated pointer. Specifically, a data stack pointer 110 is
associated with data stack 108, and a return stack
pointer 111 is associated with return stack 109. As can
be seen, each stack pointer receives as input the low 12
bits from bus 101 and has its output connected to the
address input of the corresponding stack, as well as
through a transmitter 112 or 113 to bus 101. The data
stack data inputs and outputs are buffered through
transceiver 114 to provide for better current driving
capability. The return stack data may be read from or
written to the data bus 101 through the transceiver 116.
In addition, the return stack data may be read from the
address counter 117 or written to the address latch 118.

The RAM address latch 118 and the next address
register 119 are the two possible sources for the low 23
bits of address to the program memory (RAM) 121. The
bits 23-30 of program memory address are provided by

~ a page register 120, allowing up to 2 gigabytes of ad-

FIGS. 3 through 89 show the detailed schematics of 65

the embodiment of FIGS. 1 and 2 organized into groups
of components placed on five separate printed circuit
boards in the preferred embodiment, and;

dressable program memory organized as a group of
non-overlapping 8 megabyte pages. When fetching an
instruction based on an unconditional branch or subrou-
tine call specified by the address field of the previous
instruction, the next address register 119 is used to ad-
dress memory 121. For subroutine calls, the contents of
the address counter 117 are loaded with the address of
the calling program, incremented by 4, and saved in the
return stack 109 for use upon subroutine return. The
return pointer 111 is decremented before writing to
return stack 109.

Upon subroutine return, return stack 109 provides an
address through RAM address latch 118 to address
program RAM 121. RAM address latch 118 retains the
address while return stack pointer 111 is incremented to
pop the return address off the return stack. In jump,
subroutine call, and subroutine return operations, the
instruction fetched from program RAM 121 is stored in
next address register 119 and the instruction latch 123 at
the end of the fetching operation. Thus, each instruc ‘on
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directly addresses the next instruction through the next
address register 119 and program RAM 121,

It should be noted that the address counter 117 and
next address register 119 are not used as a program
counter in the conventional sense. In conventional com-
puters, the program counter is a hardware device used
as the primary means of generating addresses for pro-
gram memory whose normal operation is to increment
in some manner while accessing sequential instructions.
In computer 100, the next address register 119 is a sim-
ple holding register that is used to hold the address of
the next instruction to be fetched from memory. The
value of the next address register 119 is determined by
an address field contained within the previous instruc-
tion executed, NOT from incrementing the previous
register value. The address counter 117 is not directly
involved in computing instruction addresses; it is only
used to generate subroutine return addresses. Thus,
computer 100 uses address information in each instruc-
tion to determine the address of the next instruction to
be executed for high level language programs.

Program RAM 121 is organized as a 32-bit program
memory addressable for full-words only on evenly di-
visible by 4 byte addresses. Computer 100 provides a
minimum quantity of 512 kilobytes of program memory,
with expansion of up to 8 megabytes of program mem-
ory possible. A minor modification of the memory ex-
pansion boards, employed to allow for decoding more
boards, allows use of up to 2 gigabytes of program
memory. Program memory words of 32 bits are read
from or written to the data bus 101 through transceiver
123. Additionally, single byte values with the high 24
bits set to 0 may be read and written to any byte (within
each 32-bit word) in memory through the byte address-
ing and data routing block 122. -

Provisions have been made to incorporate a mi-
crocode-controlled floating point math coprocessor 124
into the design, but such a processor has not yet been
implemented in the preferred embodiment. The floating
point coprocessor 124 would take its instructions not
from a separate microcode memory, as is the usual de-
sign practice, but rather directly from program mem-
ory.

The thirty-two bit arithmetic logic unit (ALU) 126
has its A input connected to a data high register (DHI)
127 and its B input connected to the data bus 101
through a transparent latch 128. The output of the ALU
126 is connected to 2 multiplexer 129 that provides for
data pass-through, single bit shift left and shift right
operations, and a byte rotate right operation. The out-
put of ALU 126 is always fed back into the DHI register
127. The DHI register 127 is connected to data bus 101
through a data transmitter 130.

A data low register (DLO) 131 is connected via a
bidirectional path to the data bus 101, and its shift in/out
signals are connected to the multiplexer 129 to provide
a 64-bit shifting capability.

The opcode portion of program RAM 121 is con-
nected to instruction latch 125 for the purpose of hold-
ing the next opcode to be executed by the machine. This
instruction latch 125 is decoded according to existing
interrupt information from interrupt register 126 and
conditional branching information from the condition
code register 127 to form the contents of the micro-pro-
gram counter 129. The micro-program counter 129
forms a 12 bit address into micro- program memory 131.
The three low bits of the address into micro-program
memory 131 are generated from a combination of the
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micro-address constant inputs and decoding of the con-
dition select field to allow for conditional branching.
The contents of the output of the decoding/address
logic 128 and the micro-program counter 129 may be
read to data bus 101 for diagnostic and interrupt pro-
cessing,purposes through bus driver 130.

Micro-program memory 131 is a 32-bit high speed
memory of 4 kilowords in length. Its data may be read
or written to data bus 101 through transceiver 132,
providing a writable instruction set capability. During
program execution, its data is fed into the micro-instruc-
tion register 133 to provide control signals for opera-
tion. Micro-instruction register 133 may be read to data
bus 101 through transmitter 134 for diagnostic purposes.

The detailed schematics of the various integrated
circuits forming computer 100 are shown in FIGS.
3-89. Narrative text preceding each group of figures
gives descriptions of each signal mnemonic used in the
schematics. Other than to identify general features of
these circuits, they will not be described in detail, the
detail being ascertainable from the -hardware them-
selves. However, some general comments are in order.

Computer 100 in its preferred embodiment is de-
signed for construction on five boards which take five
expansion slots in a personal computer. It is addressed
with conventional 8088 microprocessor IN and OUT
port instructions. It uses 32-bit data paths and 32- bit
horizontal microcode (of which bits only 30 are actually
used.) It operates on a jumper- and crystal-oscillator
controlled micro-instruction cycle period which is pref-
erably set at 150 ns. Most of the logic is the 74ALS
series. The ALU is composed of eight 74F18! inte-
grated circuits with carry-lookahead logic. Stack and
microcode memory chips are 35 ns CMOS 4-bit chips.
Program memory is 120 ns low power CMOS 8-bit
memory chips. Since simple primitives are only two
clock cycles long, this gives a best case operating speed
of 3.3 million basic high level stack operations per sec-
ond (MOPS). In actual program operation, the average
instruction would take just over two cycles, exclusive
of complex micro-instructions such as multiplication,
division, block memory moves, etc. This, combined
with the fact that subroutine calls are zero-cost opera-
tions when combined in an instruction with an opcode,
gives an average operational speed of approximately 3.5
MOPS.

Variable benchmarks show speed increases of 5 to 10
times over an 80286 running at 8 MHz with zero-wait-
state memory. An expert system benchmark shows an
even more impressive performance of in excess of
640,000 logical inferences per second.

Instruction decoding requires a 2-cycle minimum on
a microcode word definition.

SUMMARY OF FIGURES

The following is a summary of the figures that will be
referred to in the detailed description of the preferred
embodiment. The figures are organized into general
block diagrams and five groups corresponding to the
five printed circuit boards in the preferred embodiment.

FIGURE FILE DESCRIPTION
NUMBER NAME OF CONTENTS

SYSTEM BLOCK DIAGRAM

1 SBLOCK: ALU AND MEMORY AD-
DRESS BLOCK DIAGRAM

64
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are used to select the decoded address to any bank of
eight ports in the port address space. FIG. 4 shows the
decoders IC11 and IC12 which generate control signals
based on the lowest bits of the port addresses. In com-
mon usage, the preferred embodiment uses eight output
ports and three input ports as follows:

PORT FUNCTION

OUTPUT :

300 DATA BUS (AUTOMATICALLY SEQUENCED
FOR 4 BYTES)

30t MIR (WRITE 4 TIMES JUST LIKE WRITEO)

302 SINGLE STEP BOARD CLOCK

303 START BOARD

304 STOP BOARD

308 SET DMA MODE

306 RESET DATA BUS SEQUENCER & DMA MODE

307 _ SERVICE REQUEST REG & INTERUPT -

INPUT

300 DATA BUS (AUTOMATICALLY SEQUENCED
FOR 4 BYTES)

301 MIR (READ 4 TIMES JUST LIKE READQ)

302 STATUS REGISTER (8 BITS)

FIG. § shows the generation of control signals and
direct memory access (DMA) handshaking signals for
the host interface. The host board is capable of accept-
ing high-speed DMA transfers to or from host com-
puter 103 memory directly to and from computer 100
memory. FIGS. 6-12 show the data paths for conver-
sion between an 8-bit host 103 data bus and the 32-bit
data bus 101, as well as the buffering for data and con-
trol signals on the ribbon cables connecting the host
card to the interface card described next. FIGS. 13-14
show the connector arrangements for the host card to
host computer bus connector and for the host card to
interface card connectors.

The Interface And Stack Card. The interface and
stack card (called the interface card) described by
FIGS. 15-40 performs a dual function: It serves as the
control for bus transfers from the host card and within
computer 100 over data bus 101, and provides both the
data stack means 108 and the return stack means 109.
FIGS. 15-16 show storage for bits 0-15 of the micro-
code memory and the micro-instruction register. The
micro-instruction format is discussed in Appendix B.

FIG. 17 shows the service request register IC58
which is used by the host.computer 103 to request one
of 255 possible programmable service types from the
computer 100. Also shown is the status register IC57
which is used by computer 100 to signal a request for
service from host computer 103. FIGS. 18-20 show
data and control signal buffers between the host card
and the interface card..

FIGS. 21-22 show the clock generating circuits for
computer 100. Jumpers JO through J3 in FIG. 21, along
with a socket to change the crystal oscillator used for
OS0 allow selection of a wide range of oscillator fre-
quencies. The preferred frequency for the preferred
embodiment is 5.0 million Hertz. FIG. 22 shows that a
fast clock FASTC is generated that is several nanosec-
onds ahead in phase of the system clock XCLK for the
purpose of satisfying hold times of chips that require
data to be valid after the clock rising edge. FIG. 23
shows the data bus 101 source and destination decoders.

. The devices in this figure generate signals to select only

one device to drive data bus 101 and one device to
receive data from bus 101. FIG. 24 shows miscellaneous
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control gates for microcode memory and the micro-
instruction register.

FIGS. 25-28 show the data stack means. The data
stack has a 12-bit up/down counter that may be incre-
mented, decremented, or loaded from data bus 101 at
the end of every clock cycle. The use of fast static RAM
chips for the stack memory itself allows the data stack
108 to be read or written and then the stack pointer 110
to be changed on each clock cycle. FIGS. 30-34 show
the return stack means. The implementation of the re-
turn stack 109 and return stack pointer 111 is very simi-
lar to that of the data stack 108 and data stack pointer
110.

FIGS. 35-40 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system and from the host adapter card.

The Data, Arithmetic, and Logic Card. The data,
arithmetic and logic card (called the data card) de-
scribed by FIGS. 41-53 performs all arithmetic and
logical manipulation of data for computer 100. FIG. 41
shows storage for bits 16-23 of the microcode memory
and the micro-instruction register. The micro-instruc-
tion format is discussed in Appendix B.

FIGS. 42A-46 show the arithmetic and logic unit
(ALU) 126, bus latch 128, data hi register 127, DHI to
data bus 100 driver 130, and ALU multiplexer 129. Data
from the DHI register 127 and/or the bus data latch 128
flows through the ALU 126 and multiplexer 129 on
each clock cycle, then is written back to the DHI regis-
ter 127. FIG. 47 shows the DLO register 131.

FIG. 48 shows the logic used to detect when the
output of the ALU is exactly zero. This is very useful
for conditional branching. FIG. 49 shows the genera-
tion of the data bus latch 128 control signal and the
shift-in bits to the DLO register 131 and the DHI regis-
ter 127. These shift-in bits are conditioned to provide
capability of one-cycle-per-bit multiplication shift-and-
conditional-add and non-restoring division algorithms.
FIG. 50 shows the conditioning of ALU 126 input con-
trol signals to likewise provide for efficient multiplica-
tion and division functions.

FIGS. 51-53 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

The Address Card. The address card described by
FIGS. 54-75 performs the memory addressing func-
tions, microcoded control and branching functions, and
memory data manipulation functions for computer 100.
FIG. 54 shows storage for bits 24-31 of the microcode
memory and the micro-instruction register. The micro-
instruction format is discussed in Appendix B.

FIG. 55 shows the arrangement of the RAM address
latch 118. The RAM address latch is used to address
program memory for all non-instruction operations, for
return from subroutine operations, and passes data
through for DMA transfers with host 103. FIGS. 56-58
show the address counter 117. The address counter 117
may be incremented and passed through the address
latch 118 to step through memory one word at a time
during DMA access or block memory operations. The
address counter 117 is also incremented when perform-
ing a subroutine call operation in order to save a correct
subroutine return address in return stack 109. FIG. 59
shows the next address register 119 and page register
120. The next address register is used to store the ad-
dress field of an instruction that points to the memory
address of the next instruction during the instruction
fetch and decode operation.
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FIG. 60 shows the logic used to control return stack
109 and return stack pointer 111. In particular, this logic
implements the subroutine call and return control oper-
ations for the return stack means. FIG. 61 shows the
instruction latch 125 and micro-program counter 129.
FIG. 62 shows the interrupt status register 126. Inter-
rupts are set by a processor condition pulling a “PR”
pin of IC53-1C56 low, causing the flip-flop to activate,
or by loading a one bit from data bus 101. Any one or
more active interrupts causes an interrupt at the next
instruction decoding operation. An interrupt mask bit
from IC53 pin 5 is used to allow masking of all further
interrupts during interrupt processing.

FIG. 63 shows the condition code register 127. This
register is set at the end of every clock cycle, and forms
the basis of the lowest bit of the next micro-instruction
address fetched during the succeeding clock cycle.
FIG. 64 shows a special forcing driver for the mi-
crocode-memory address that forces an opcode of 1
during interrupt recognition. FIG. 65 shows a timing
chain used to control the 2 cycle instruction fetch and
decoding operation.

FIGS. 66-69 show the RAM data to data bus 101
transfer logic shown by block 122 on FIG. 1. This trans-
fer logic allows access of arbitrary bytes within the
32-bit memory organization as well as 32-bit full word
access on evenly-divisible-by-four memory address lo-
cations.

FIGS. 70-75 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

The Memory Card. The memory card described by
FIGS. 76-89 is a single program memory 121 storage
card for computer 100. Computer 100 may have one to
sixteen of these cards in operation simultaneously to use
up to 8 megabytes of memory. :

FIG. 76 shows data buffering logic used to satisfy
current driving requirements of the memory chips. Sim-
ilarly, FIG. 77 shows address buffering logic. FIG. 78
shows the memory board selection, bank selection, and
chip selection logic. Jumpers J0-J7 may be set to map
the memory board to one of 16 non-overlapping 512
kilobyte locations within the first eight megabytes of
the available memory space. Only one memory board is
activated at a time. Once the memory board is acti-
vated, a particular bank of chips (numbered from 0-3) is
enabled selecting a 32 kiloword address within the
board. If byte memory access is being used, a single chip
within the bank is selected for a single byte operation,
otherwise all chips within the bank are enabled.

FIGS. 79-86 show the four banks of four RAM chips,
each.

FIGS. 87-89 show connector arrangements for trans-
mitting and receiving signals from other cards in the
system.

SYSTEM SOFTWARE

Computer 100 in this preferred embodiment uses
various software packages, including a FORTH kernel,
a cross-compiler, a micro-assembler, as well as micro-
code. The software for these packages, written using
MVP-FORTH, are listed in Appendix A. Further, the
microcode format is discussed in Appendix B. The
User’s Manual (less appendices duplicated elsewhere in
this document) is included-as Appendix C. Some gen-
eral comments about the software are in order. The
Cross-Compiler. The cross-compiler maintains a sealed
vocabulary with all the words currently defined for
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computer 100. At the base of this dictionary are special
cross-compiler words such as IF ELSE THEN : and ;.
After cross-compilation has started, words are added to
this sealed vocabulary and are also cross-compiled into
computer 100. Whenever the keyword CROSS-COM-
PILER is used, any word definitions, constants, vari-
ables, etc. will be compiled to computer 100. However,
any immediate operations will be taken from the cross-
compiler’s vocabulary, which is chained to the normal
MVP-FORTH vocabulary.

By entering the FORTH word {, the cross-compiler
enters the immediate execution mode for computer 100.
All words are searched for in the sealed vocabulary for
computer 100 and are executed by computer 100 itself.
The “START..” “END?” that is displayed indicates the
start and the end of execution of computer 100. If the
execution freezes in between the start and end, that
means that computer 100 is hung up. The cross-com-
piler builds a special FORTH word in computer 100 to
execute the desired definition, then performs a HALT
instruction. Entering the FORTH word } will leave the
computer 100 mode of execution and return to the
cross-compiler. No colon definitions or other creation
of dictionary entries should be performed while be-
tween { and }. '

The FORTH word CPU32 will automatically trans-
fer control of the system to computer 100 via its Forth
language cold start command. The host MVP-FORTH
will then execute an idle loop waiting for computer 100
to request services. The word BYE will return control
back the host's MVP FORTH.

The current cross-compiler can not keep track of the
dictionary pointer DP, etc., in computer 100 if it is out
of sync with the cross-compiler’s copy. This means that
no cross- C compiling or micro-assembly may be done
after the FORTH of computer 100 has altered the dic-
tionary in any way. This could be fixed at a later date by
updating the cross-compiler’s variables from computer
100 after every BYE command of computer 100.

Cross-compiled code should be kept to a minimum,
since it is tricky to write. After a bare minimum kernel
is up and running, computer 100 should do all further
FORTH compilation. The Micro-assembler. The mi-
cro-assembler is a tool to save the programmer from
having to set all the bits for microcode by hand. It
allows the use of mnemonics for setting the micro-oper-
ation fields in a micro-instruction, and, for the most
part, automatically handles the micro-instruction ad-
dressing scheme.

The micro-assembler is written to be co-resident with
the cross-compiler. It uses the same routines for com-
puter 100 and sealed host vocabulary dictionary han-
dling, etc. Currently all microcode must be defined
before the board starts altering its dictionary, but this
could be changed as discussed previously.

In the terminology used here, a micro-instruction is a
32-bit instruction in microcode, while a micro-operation
is formed by one or more microcode fields within a
single micro-instruction.

Appendix B gives a quick reference to all the hard-
ware-defined micro-instruction fields supported by the
micro-assembler. The usage and operation of each field
of the micro-instruction format is covered in detail in
Part Two of the User’s Manual included as Appendix C.
Since the microcode layout is very horizontal, thereis a
direct relationship between bit settings and control line
inputs to various chips on computer 100. As with most
horizontally microcoded machines, as many micro-
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operations as desired may take place at the same time,
although some operations don’t do anything useful
when used together. Microcode Definitions Format.
The micro-assembler has a few keywords to make life
easier for the micro-programmer. The word OP-
CODE: starts a microcode definition. The input param-
eter is the page number from 0-OFF hex that the op-
code resides in. For example, the word + is op-code 7.
This means that whenever computer 100 interprets a
hex 038xxxxx (where the x’s represent don’t care bit
values), the word + will be executed in microcode. The
character string after OP-CODE: is the name of the
op-code that will be added to the cross-compiler and
computer 100 dictionaries. It is the programmer’s re-
sponsibility to ensure that two op-codes are not as-
signed to the same microcode memory page. The vari-
able CURRENT-OPCODE contains the page cur-
rently assigned by OP-CODE.. It may be changed to
facilitate multi-page definitions.

The word :: signifies the start of the definition of a
micro-instruction. The number before :: must be from 0
to 7, and signifies the offset from 0 to 7 within the cur-
rent micro-program memory page for that micro-
instruction. Micro-instructions may be defined in any
order desired. When directly setting the micro-instruc-
tion register (MIR) for interactive execution, the word
> > may be used without a preceding number instead
of the sequence O ::.

The word ;; signifies the end of a micro-instruction
and stores the micro-instruction into the appropriate
location in micro-program memory.

The word ;;END signifies the end of a definition of a
FORTH microcoded primitive.

If the FORTH vocabulary is in use, the programmer
may single-step microcoded programs. Use the > >
word to start a micro-instruction. Instead of using ;;, use

;SET to copy the micro-instruction to the MIR. This -

allows reading resources of computer 100 to the host
103 with the X@ word or storing resource values with
the X! word. Using ;DO instead of ;; will load the in-
struction into the MIR and cycle the clock once. This is
an excellent way of single-stepping microcode. The
User’s Manual in Appendix C and the Diagnostics of
computer 100 given in Appendix A part III provide
examples of how to use these features. End/Decode.
END and DECODE are the two micro-operations that
perform the FORTH NEXT function and perform
subroutine calls, subroutine returns, and unconditional
branches in parallel with other operations. DECODE is
always in the next to last micro-instruction of a micro-
coded instruction. It causes the interrupt register 126 to
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be clocked near the falling clock edge, and loads highest
9 bits of the instruction into the instruction latch 125 at
the following rising clock edge. Thereafter, instruction
fetching and decoding proceeds according to the ac-
tions described in Appendix C part II. END is a micro-
operation that marks the last instruction in a program
and forces a jump to offset O of the next instruction’s
microcoded memory page. Microcode Next Address
Generation. The micro-assembler automatically gener-
ates an appropriate microcode jump to the next sequen-
tial offset within a page. This means that if a 3 is used
before the :: word, then the micro-assembler will as-
sume that the next micro-instruction is at offset 4 unless
a JMP = micro-instruction is used to tell it otherwise.

The JMP= micro-operation allows forcing non-
sequential execution or conditional branching simulta-
neously with other micro-operations. A JMP =000,
JMP=001, ..., JMP=111 command forces an uncondi-
tional microcode jump to the offset within the same
page specified by the binary operand after JMP=. For
example, JMP =101 would force a jump to offset 5 for
the next micro-cycle.

A conditional jump allows jumping to one of the two
locations depending on the value of one of the 8 condi-
tion codes. The unconditional jump described in the
preceding paragraph is just a special conditional jump in
which the condition picked is a constant that is always
setto O or 1. The sign bit conditional jump is used below
as an example.

A conditional jump sets the lowest bit of the next
micro-instruction address to the value of the condition
that was valid at the end of the previous microcycle.
The syntax is IMP =008, where *S” can be replaced by
any of the conditions: Z, L, C, S, 0, 1. The first two bits
are always numeric, indicating the top two binary bits
of the jump destination address within the micro-pro-
gram memory page. The example JMP=10S would
jump to offset 4 within the micro-program memory
page if the sign bit were 0, and location 5 if it were 1.

Appendix C is the user manual for computer 100, and
describes other information of interest in the operation
of the preferred embodiment of the invention.

It will thus be appreciated that the described pre-
ferred embodiment achieves the desired features and
advantages of the invention. While the invention has
been particularly shown and described with reference
to the foregoing preferred embodiment, it will be under-
stood by those skilled in the art that other changes in
form and detail may be made therein without departing
from the spirit and scope of the invention, as defined in
the claims.

s
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What we claim is:

1. A writable instruction set computer comprising:

data bus means for transferring data having a prede-’
termined number of bits;

addressable and writable main program memory:
means coupled to said data bus means for storingi
macrocode, including instructions having the pre-’
determined number of bits, and for storing data-
from and loading stored data onto said data bus
means;

memory address logic means coupled to said data bus
means and said main program memory means for
addressing said main program memory means;

addressble and writable micro-program memory:

5

10

means coupled to said main program memory; !5

means for storing microcode instructions addressed
by the macrocode instructions;

arithmetic logic unit (ALU) means coupled to said!

data bus means for performign operations on data
received from said data bus means as 4~fined by the
microcode stored in said micro-program memory
means;

data stack memory means coupled to said data bus

means for storing data received from said data bus
means for use during program execution;

return stack memory means physically separate from

said main memory means, and coupled to said data-
bus means and to said memory address logic means;
for storing subroutine return address used during:
program execution, said memory address logic
means addressing said main program memory
means with the subroutine return address stored in
said return stack memory means while said ALU
means performs operations on data transferred
from said data stack memory means on said data
bus means;

clock means for generating a cyclic clock signal; and

execution control logic means coupled to said micro-

program memory means, ALU means, data stack
memory means, return stack memory means, data
bus means, and clock means for executing the mi-
crocode instructions, including performing only
one data transfer on said data bus means for each
clock signal cycle;

said data bus means providing only one communica-

tion path for transferring bidirectionally data be-
tween said ALU means, said data stack memory
means and said main program memory means.

2. A computer according to claim 1 wherein said
main program memory.means stores each instruction as
the combination of an opcode and a main program
memory address.

3. A computer according to claim 2 wherein said
address included in said instruction comprises the ad-
dress of the location of the succeeding instruction in
said main program memory.

4. A computer according to claim 3 wherein said
execution control logic means is further for executing
the operation specified by the opcode of a current mac-
rocode instruction while, simultaneously with the oper-
ation executing, said memory address logic means fet-
ches the macrocode instruction corresponding to the
address included in the current macrocode instruction.

5. A computer according to claim 4 wherein said
main program memory means further stores for a ma-
chine language program instruction, an indicator indi-
cating whether the succeeding operation is a subroutine
return, a d said memory address logic means is further
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responsive to address information received from said
stack memory means for executing a subroutine return
simultaneously with the executing of the current opera-
tion, when the indicator indicates that the next opera-
tion is a subroutine return.

6. A computer according to claim § wherein said
main program memory means stores a condition code
having one of a plurality of values including a predeter-
mined value, and a macrocode instruction comprises a
conditional branch opcode requiring execution of a
subroutine call if the value of the condition code is the
predetermined value, and a subroutine call address, said
memory address logic means further executing the sub-
routine call while said execution control logic means
executes the conditional branch opcode, said memory
address logic means being responsive to said execution
control logic means for aborting the execution of the
subroutine call if the value of the condition code is not
the predetermined value. :

7. A computer according to claim 1 wherein said
ALU means comprises first and second input ALU
ports and an output ALU port, said computer further
comprising transparent latch means having an input
latch port coupled to said data bus means and an output
latch port coupled to said first input ALU port, said
latch means being controllable for either transferring
data input on said input latch port to said output latch
port or retaining data input on said input latch port
without it appearing on said output latch poret, and data
register means having a register input port coupled to to
said output ALU port and a register output port cou-
pled to said second input ALU port and to said data bus
means, said transparent latch means being for storing
temporarily data received from said data bus means
while data stored in said data register means is output to
said data bus means.

8. A computer according to claim 1 wherein each
macrocode instruction includes an opcode, and further
comprising:

data stack pointer means coupled to said data bus

means and said data stack memory means for only
storing one pointer pointing to an element in said
data stack memory mean,s wherein said execution
control logic means is further for setting the
pointer to point to any element in said data stack
memory means without altering the contents of
said stack memory means, the one pointer being the
only means for accessing an element in said data
stack memory means; and

interrupt means coupled to said execution control

logic means, and responsive to interrupt signals for
generating an interrupt opcode when an interrupt
signal indicates that the program execution is to be
interrupted;

said execution control logic means being responsive

to the interrupt opcode for itnerrupting program
execution by isnerting the interrupt opcode in
place of the next macrocode opcode, and thereby
interrupting the program execution only when a
next macrocode opcode is to be executed by said
execution control logic means, said execution con-
trol logic means further controlling execution of
the macrocode such that the pointer stored in said
data stack pointer means is set to point to a prede-
termined data stack element prior to executing
each new macrocode opcude, whereby the pointer
can be changed to point to different data stack
_ elements during execution of 2 macrocode opcode



