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[57] ABSTRACT

A computer is provided as an add-on board for attach-
ment to a host computer. Included are a single data bus,
a 16-bit arithmetic logic unit, a data stack, a return
stack, a main program memory, data registers, program
counters, microprocessor memory, and microinstruc-
tion register. Each stack has a pointer which may be set
without altering the contents of the respective stacks.
The main program memory has a direct connection to
the writable microprogram memory for providing in-
struction. MVP-FORTH is used for programming a
microcode assembler, a cross-compiler, a set of diagnos-
tic programs, and microcode.
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STOéK-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.

Since the advent of computers, attempts have been
made to make computers smaller, with increased mem-
ory and with faster operation. Recently, minicomputers
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 provided
limited semantic efficiency in applications for which
they were not designed. The large semantic gaps cannot
be tilled easily. Emulation of complex but frequently
used instructions is always a less efficient solution and
significantly reduces the initial speed advantage. Thus,
such computers provide limited general 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, inexpensive, and commonly avail-
able 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
microprogram 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 stack are provided, each associated with
a pointer which may be set to any element in the corre-
sponding stack without affecting the contents of the
stack. Further, there is a direct communication link
between the main program memory and the micropro-
gram memory which is separate from the data bus. This
provides overlapped instruction fetching and execution.
The data high input to the ALU can be used as a regis-
ter serving as the top of the stack but it is not necessary.
By user determined convention the DHI register is
designated as the top of the stack. Other computer ar-
chitectures must designate a register as the top of the
stack and usually dedicate a register as such.

Additionally, an instruction set is preferably coded
using a plurality of bits in a selected pattern for denoting
a microcoded primitive, as opposed to a procedure call
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in order to increase thé amount of addressable memory.
The use of an operations code value as a page address
into microprogram memory serves a double function
allowing the computer to run more efficiently. A writ-
able microprogram memory allows the computer to be
run using various lanquages and for different applica-
tions. An identical parameter passing mechanism is used
for both subroutines and microcoded primitives. This
means that a subroutine can be transparently replaced
with a microcoded primitive with no impact on other
software. )

The unique combination of simple hardware linked
with hardware stacks leads to a general purpose com-
puter design with an increased efficiency of instruction
execution. The user microprogramability of a writable
instruction set optimized to application requirements
leads to increased semantic content for the instruction
set. The combination of these two features leads to
increased processor throughput at any specified clock
speed when compared to that possible with conven-
tional complex instruction set computers (CISC) and
reduced instruction set computers (RISC).

It will be seen that such a computer offers substantial
optimization of throughput while maintaining flexibil-
ity. These and other advantages and features of the
invention will be more clearly understood from a con-
sideration of the drawings and the following detailed
description of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the associated sheets of drawings:

FIGS. 1A and 1B together is a system block diagram
showing a preferred embodiment made according to the
present invention;

FIG. 2 is a scematic showing the host address decod-
ing logic portion of the host computer interface.

FIG. 3 is a schematic showing the general clock
generation circuitry.

FIG. 4 is a schematic showing generaton of system
and microinstruction register clocks.

FIGS. 5A and 5B together is a schematic showing the
data path portions of the host interface.

FIGS. 6A and 6B together is a schematic showing the
registers configured to act as either two independent
16-bit registers or a single 32-bit shift register under
microcode control.

FIG. 7 is a schematic showing the low 8 bits of the
ALU.

FIG. 8 is a schematic showing the high 8 bits of the
ALU.

FIG. 9 is a schematic showing the data stack pointer
and return stack memory.

FIG. 10 is a schematic showing the return stack
pointer and return stack memory.

FIGS. 11A and 11B together is a schematic showing
the program counter.

FIGS. 12A and 12B together is a schematic showing
the program memory interface to the data bus and the
first bank of memory chips.

FIGS. 13A and 13B together is a schematic showing
the address line buffers and RAM chips used to expand
program memory to 64K words (128K bytes).

FIG. 14 is a schematic showing the logic used to
decode microinstructions.

FIG. 15 is a schematic showing the microprogram
counter.
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FIG. 16 is a schematic showing the condition code
register and the condition code multiplexer used for
microprogram conditional branches.

FIGS. 17A and 17B together is a schematic showing
bits 0-15 of both microprogram memory and microin-
struction register.

FIGS. 18A and 18B together is a schematic showing
bits 16-31 of both microprogram memory and microin-
struction register.

FIG. 19 is a schematic showing the data bus source
and destination decoders.

FIG. 20 is a schematic showing the cable connecting
the processor card to the memory expansion card, and
transferring the program memory address signals and
the low 8 bits of the data signals.

FIG. 21 is a schematic showing the ribbon cable
connecting the processor card to the memory expansion
card, and transferring the high 8 bits of the data signals.

FIG. 22 is a diagram showing the chip arrangement
of the processsor card of the preferred embodiment.

FIG. 23 is a diagram showing the chip arrangement
of the memory card of the preferred embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

System Hardware

Referring initially to FIGS. 1A and 1B, a system
overview of the hardware of a writable instruction set
computer 30 made according to the present invention is
shown. Computer 30 includes a single 16-bit system
databus 32. An interface assembly 34 is coupled to bus
32 for interfacing with a host computer 33, which in the
preferred embodiment is an IBM PC/XT/AT, made by
International Business Machines, Inc., or equivalent
personal computer. Assembly 34 includes a bus inter-
face 36, a status register 38, and a high 8-bit bus-holding
register 40. Interface 36 is joined to bus 32 by an eight-
bit transceiver 42, as well as by a transmitter 44 con-
nected to provide the high eight bits from the bus to the
interface.

Memory stack means, shown generally at 46, are
provided in the form of a data stack 48 and a return
stack 50. Each stack has an associated pointer. Specifi-
cally, a data stack pointer 52 is associated with data
stack 48 and a return stack pointer 54 is associated with
return stack 50. As can be séen, each pointer receives as
input the low eight bits from bus 32 and has its output
connected to the address input of the corresponding
stack, as well as through a transmitter 56 or 58 to bus 32.

A sixteen-bit arithmetic logic unit (ALU) 60 has its A
input connected to bus 32 and its B input connected to
a data high register (DHI) 62. The output of ALU 60 is
connected through a transmitter 64 to bus 32, to an
input to register 62 and to a program counter 66. A data
low register (DLO) 68 is connected via a bidirectional
path to bus 32 and its shift in/out signals are connected
to data high register 62.

The address output of program counter 66 is con-
nected to bus 32 through a program counter save regis-
ter 70, as well as to a main program random access
memory 72. As will be seen, memory 72 may be pro-
vided as a basic 8K X 16 bits addressable memory, or as
an expanded 64K addressable memory as is provided in
this preferred embodiment. The data output of memory
72 is connected in a bidirectional path to bus 32 through
a transceiver 74. The eight low bits of the data from
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memory 72 is coupled through decoding circuitry not
shown to a microprogram counter 76.

Microprogram counter 76 generates an 8-bit address
which is coupled to a microprogram memory 78 having
a capacity of 2K x32 bits. The data output of mi-~
cromemory 78 is connected via a bidirectional path to
bus 32 through low and high transceivers 80, 82. Mi-
cromemory 78 data output is also connected to a micro-
instruction register 84 for producing 32-bit control sig-
nals. The low three bits of the next micro instruction
address are generated from a combination of the micro-
address constant inputs and decoding of the condition
select field to allow for conditional branching.

The detailed schematics of the various integrated
circuits forming computer 30 are shown in FIGS. 2-19.
Other than to identify general features of these circuits,
they will not be described in detail, the detail being
ascertainable from the drawings themselves. However,
some general comments are in order.

Computer 30 is designed for construction on two
boards which take two expansion slots in a personal
computer. It is addressed with conventional 8088 mi-
croprocessor IN and OUT port instructions. It uses
16-bit data paths and 32-bit horizontal microcode, and
operates on a jumper selectable microinstruction cycle
period which is preferably set at 280 ns, most of the
logic is the 74LS series. The ALU is composed of sev-
eral 74L.S181 with carry-lookahead logic. All memory
chips are 8-bit low-power 150 ns static CMOS. Since
simple primitives are only two clock cycles long, this
gives a best case operating speed of 1.6 million basic
stack operations per second (MOPs). In actual pro-
grams, the average promotive used will probably be
three clock cycles in length, exclusive of complex mi-
croinstructions such as multiplication, division, block
moves and block fills yielding an operational speed of
approximately 1.1 MOPs. Variable benchmarks have
shown speed increases of 20-30 times over an 8088
running MVP-FORTH. A ‘subroutine call takes only
560 ns, a subroutine return takes only 840 ns. Decoding
the next macroinstruction usually takes no additional
time at all. Although instruction decoding requires a
2-cycle minimum on a microcode word definition,
through pipelining it usually takes n additional time.

The Host Interface

Referring initially to FIGS. 2-5, the host computer
interface logic and decoding circuitry is shown gener-
ally at 86 in FIG. 2. This is part of the logic of interface
assembly 34. FIG. 3 shows a clock generation circuit
88. FIG. 4 shows a Master/Slave mode flip-flop 90
which, is generated for the microinstruction register
clock. FIGS. 5A and 5B show the detailed connections
associated with the interface assembly 34. It should be
noted that clock 4 gives an 820 ns clock cycle. Various
clock rates derived from the host computer oscillator
are selectable. If desired pin 1 of IC 70 and pin 11 of IC
67 can be connected to clock 1 instead of clock 1 for
development purposes. However, clock 1 provides the
280 ns derived from the oscillator of host computer 33.

As mentioned previously, in the preferred configura-
tion, computer 30 is designed to work as a double-board
attachment to a standard IBM PC/XT/AT or equiva-
lent personal computer as host computer 33. Minor
design changes of the host bus interface 36 would make
possible the use of a variety of other makes of host
computers. The computer 30 derives its clock from the
host clock oscillator. The boards have two modes: Mas-
ter and Slave. In Slave mode the board’s clock is
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stopped. The board waits for IN and OUT commands in
the 8088 to feed it information or read information out
of the board. In Master mode, the board’s clock cycles
as selected, and the 8088 can only use IN commands to
monitor the status of the board or to switch back to
Slave mode. The board responds to port addresses 3EO
through 3EF hex.

Ports 3EO through 3E7 are the “WRITE” ports that
respond to 8088 OUT commands. They are ignored by
the board while in Master mode. In Slave mode they
allow writing microinstructions to the board’s microin-
struction register, cycling the board’s clock for one
clock cycle and writing to registers or memory orn the
board.

Of special interest is the use to port 3E1. This port
writes 8 bits of data into a holding register on the board.
When ports 3E0, 3E2, or 3E3 are later written with the
low order 8 bits of data, the holding register is used to
access the high order 8 bits of data for a 16-bit destina-
tion on the board. The holding register is not cleared
after use, so it need only be set once if a series of byte
values is being written to the board.

Ports 3E2 and 3E3 allow the host computer to di-
rectly set the contents of the microinstruction register
(MIR) 84 without affecting micromemory. This allows
direct control of the resources of computer 30 by the
host computer. An instruction may be written to the
MIR and then executed in single-step fashion by cycling
the clock of computer 30 with port 3E4. The MIR
contents are NOT clocked in from micromemory by
this clock cycling. This single-step mode of operation is
useful during program development and debugging.
Also, by setting up the MIR with an appropriate
SOURCE= or DEST= (mnemonics used in the mi-
croassembler provided), any resource of computer 30
that can be connected to the bus may be read from or
written to computer 30 via ports 3EO, 3E1 3E8 and
3E9.

Ports 3E8 through 3EF are READ ports that may be
used at any time by the host. Ports 3E8 and 3E9 directly
read whatever is on the data bus 32. This is useful pri-
marily when single-stepping a micoroprogram or when
loading or saving data from the resources of computer
30 before or after a run in master mode.

Port 3EA is the most used read port. It directly reads
the contents of status register 38, even while in Master
mode. The status register is used as a signal from com-
puter 30 to request services while in Master mode. Typ-
ically, a 0 value in status register 38 means no request is
active, while any other value is a request to return to
Slave mode and perform the services desired. A host
program will typically idle until the status register is
non-zero, perform requested I/0 services, then return
computer 30 to Master mode to continue program exe-
cution. A considerable amount of concurrency in I/0
operation is possible between computer 30 and host 33,
since the host may pre-fetch data that is likely to be
needed while waiting for computer 30 to request it, and
may restart computer 30 before saving/displaying infor-
mation that computer 30 has given it.

Port 3EB sets Slave mode in computer 30 while port
3EC sets Master mode. Computer 30 cannot control
these modes itself, so the host must set Slave mode
before servicing an 1/0 request. Computer 30 is set to
Slave mode when the host power-on reset is activated.

The ALU and DHI Register

FIGS. 6A and 6B show data low and high registers
62 and 68. FIGS. 7 and 8 show ALU 60, including a
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carry look-ahead generator 92, as well as an ALU-to-
bus transmitter 64.

The board uses a full 16-bit ALU 60 with carry-
lookahead generation to allow reading from any source
on the board, routing the data through the ALU, and
writing the results to data high register (DHI) 62. Alter-
natively, DHI may be read through the ALU and writ-
ten anywhere on the board in a single clock cycle.

ALU 60 is made from 74LS181 chips. Although the
chip supports 48 functions only 20 of them are of any
use in normal applications. The A side of the ALU is
wired to data bus 32. The B side is Wired to DHI 2. The
output of the ALU may be sent to the data bus, DHI, or
program Counter 66. Care should be taken not to use
the A side of the ALU for function generation when a
SOURCE=ALU statement is used.

The DHI and DLO Registers

In addition to supplying a second operand for ALU
functions, the DHI register acts as the top half of a
32-bit shift register. Data low register (DLO) 68 acts as
the bottom half of the same 32-bit shift register. The
32-bit shifting is primarily of use in multiplication, divi-
sion, and floating point normalization. :

DHI and DLO may be shifted independently of each
other. The low-bit shift in when shifting DLO to the left
is the Shift Carry bit set by the SC=0/SC=1 micro-
operation. The high bit shifted into DLO when shifting
right is the current low-bit of DHI (whether DHI is
being shifted or not). The low bit shift into DHI is the
value of the highest bit in DLO (whether DLO is being
shifted or not). The high bit shift into DHI is a little
tricky. If SC=1 (the default value), then the shift in the
DHI is the ALU carry-out value from the last clock
cycle. This value will be 1 unless an ALU operation
involving a “+” or a “—” was performed on the last
clock cycle. If SC=0, the shift into the high bit of DHI
will be O for the current clock cycle AND the NEXT
clock cycle, regardless of ALU carry-out values or the
SC= value in the next microinstruction.

DLO and DHI shifted results are not seen at their
outputs until the end of the microcycle, so the old value
may be used in an instruction at the same time a shift is
occurring. Note that this property of the chips used
prevents shifting a value in DHI 62 sending it through
ALU 60 in the same clock cycle as called for by multi-
plication algorithms.

The Return and Data Stacks

FIGS. 9 and 10 show the two hardware stacks, return
stack 50 and data stack 48. These stacks are associated
with data stack pointer 52 and return stack pointer 54.
The hardware implementation of the two stacks is iden-
tical, so only the data stack will be discussed.

Data stack 48 is a 256-element by 16-bit LIFO stack.
It has an 8-bit dedicated stack pointer 52 that may be
incremented or decremented concurrently with other
operations in microcode. The data stack pointer is in-
cremented/decremented at the end of the microinstruc-
tion, so a value may be read from the current data stack
location in a microinstruction, the pointer may be
changed, and the value of the new location will be
ready in time for the next microinstruction. Changing
the value of the stack pointer does not destroy stack
contents, so the pointer may be changed to access bur-
ied stack values without loss of information, as long as
it is properly restored in time for the next normal stack
access. :

The current microcode implementation leaves the
return pointer pointing to the top-most element of the
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return stack, while the data stack pointer points to the
second element of the data stack. By convention, we
have always placed the top of the stack in Data High
register 62 connected to ALU 60 at the end of each
instruction.

The program Counter

FIGS. 11A and 11B show the connections for provid-
ing the program counter 66 and program counter save
register 70. The program counter usually contains the
value of the interpretive pointer. However, it is the only
source of addressing program memory, so at times it
will contain a memory address for fetch, store or other
operations. Program counter 66 may be incremented
concurrently with other board operations. The incre-
menting occurs at the end to the clock cycle, so the
current value of the program counter (pC) may be
bused to access memory in the current microinstruction
cycle, and the incremented value may be used to access
the next memory address on the very next microcycle.

The program counter may either be incremented by
the INC[PC] micro-operation, or it may be condition-
ally incremented with the END micro-operation. The
END operation increments the PC only if the high 8
bits of the current RAM 72 output are 1’s. As we will
see later, this means that the increment will only take
place if the microcoded FORTH primitive is being
referenced for execution.

The PCSAVE register is a save area for the program
counter. It captures the preincremented value of the PC
halfway through the END micro-operation for later use
either to restore the PC after 2 memory reference, or as
a source for saving the interpretive pointer to the return
stack in a subroutine call.

Program Memory

FIGS. 12A, 12B, 13A and 13B define the connections
for the base system memory 72, the main memory, as
well as the memory/bus interface 74. In the preferred
embodiment, the board’s main program memory is or-
ganized as shown as a linear 16-bit address space of up
to 64K 16-bit words. A base board has 8K words on it,
while an expansion memory board allows a total of up
to 64K words (128K bytes) of addressable memory. All
memory except the last 256 words may be used for
programs. Byte addressing of the memory is not avail-
able, but single bytes may be accessed by use of a byte
swap microinstruction in FORTH. Note that a new pC
value is clocked in at the end of a clock cycle, so it takes
2 clock cycles to change the PC value and read/write
memory.

Program memory 72 may be connected to bus 32 for
read/write operations. However, most of the time the
program memory bus is isolated from the data bus to
allow concurrent pre-fetching of the next op-codes
from memory.

The Microprogram Counter

FIGS. 14-16 show the schematics for the micropro-
gram counter and associated logic. In particular, FIG.
14 shows decode microinstruction logic circuitry 94.
FIG. 15 shows microprogram counter 76 itself, and
FIG. 16 shows a condition code register 96 and an
associated condition code selector 98. Micro program
Counter (MPC) 76 contains the high 8 bits of the ad-
dress for the current microinstruction. It is set by the
DECODE micro-operation to either the low 8 bits of
the contents of the memory bus (if the high 8 bits are all
1’s) or to all zeros. This conditional setting of the MPC
means that a microcoded primitive instruction is ad-
dressed by a FFxx hexadecimal op-code in main mem-
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ory, where “xx” is the actual high-order 8-bit address in
micromemory. If the top 8 bits of the op-code are other
than “FF” hex, the MPC is forced to O, pointing to the
DOCOL microcode at micromemory location 0. Thus,
all subroutine references are implied by a non-“FFxx”
up-code. This means that all of memory D00O-FEFF
may contain programs. It also means that a Code Field,
as such, does not need to be included in colon defini-
tions, since the “DOCOL” operation is implied by the
op-code.

Since the MPC holds the high 8 bits of the 11-bit
address for micromemory, the microcode may be
thought of as being divided into pages of up to eight
instructions per page where the highest 8 bits are the
same. Within each of these 256 pages, the microinstruc-
tions may be placed in any order desired. The JIMP=
micro-operation allows executing the microinstructions
within a page in any order desired. The lowest order bit
is determined from condition-code register 96, allowing
conditional branching or looping if desired. The other 2
bits of the microinstruction address are directly read
from bits 24 and 25 of microinstruction register 84.

MPC 76 may be incremented to allow microcoded
primitives to use more than 8 locations in micromemory
78. The INC[MPC] command increments the MPC at
the end of the microinstruction. Note that there is a one
microinstruction cycle delay between INC[PC] and the
time the microprogram executes an instruction in the
next micromemory page, due to the microinstruction
pre-fetching discussed below.

The Micromemory

FIGS. 17A, 17B, 18A and 18B show microprogram
memory 78 and microinstruction register 84. FIG. 19
shows a source selector 100 and a destination selector
102, which operate in conjunction with microinstruc-
tion register 84. Micromemory 78 (microprogram mem-
ory, sometimes referred to as control storage) of com-
puter 30 is organized as 256 pages of eight 32-bit instruc-
tions. In an effort to keep memory speeds inexpensive
(and therefore slow), a microinstruction pre-fetch is
used. This means that the next microinstruction is being
read from micromemory at the same time the current
instruction is being executed. The main benefit is that
the micromemory speed is not added to the speed of all
the other machine components when computing maxi-
mum clock speed, but in fact is totally hidden as long as
the microinstruction fetch time is less than the clock
speed.

The Microinstruction Register

Microinstruction register (MIR) 84 is a 32-bit register
that holds the outputs of micromemory that were
fetched in the previous clock cycle. Bits 22 through 28
of the MIR control flow of the microcode program
being executed.

While the overlapped fetching of the next microin-
struction saves a significant amount to time in the mi-
crocycle speed it means that there is a one-cycle delay
between the time a change in the MPC occurs and the
new page of microinstructions reaches the MIR. This
leads to the following programming quirks: (1) A condi-
tional branch will take place in time so that the next
microinstruction after the branch will reflect the
branching. However, this requires a valid condition
code at the start of the clock cycle. Therefore, the con-
dition that is branched upon will reflect the condition
codes at the end of the previous microinstruction before
the branch. (2) An INC[MPC] command must be used
in the next-to-last instruction within a microcode page
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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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The word ;;END signifies the end of a definition of a
FORTH microcoded primitive. Its main purpose is to
leave the MICROASSEMBLER vocabulary entered
with OP-CODE: and return to the CROSS-COM-
PILER vocabulary.

If the MICROASSEMBLER vocabulary is entered
manually by typing in MICROASSEMBLER. the pro-
grammer may single-step microcoded programs. Use
the normal :: word to start a microinstruction definition
(the number from O to 7 before must still be used, but is
ignored). Instead of ;;, use ;SET to copy the microin-
struction to the MIR. This allows reading resources of
computer 30 to the host with the X@ word or storing
resource values with the X! word. Using ;DO instead of
;; will load the instruction into the MIR and cycle the
clock once. This is an excellent way of single-stepping
microcode. The diagnostics of computer 30 provide
examples of how to use these features.

End/Decode

END and DECODE are the two micro-operations
that perform the FORTH NEXT function. DECODE
is always in the next to last microinstruction of a micro-
coded FORTH primitive. It examines the highest 8 bits
of the current data on the program memory bus (which
is being addressed by program counter 66 and presum-
ably is the next op-code to be executed). If the highest
8 bits are all 1’s, the op-code is a microinstruction refer-
ence, and the lowest 8 bits are clocked into MIC 76. It
any one of the top 8 bits is a 0 the op-code is a colon
definition reference, and all 0’s are clocked into the
MPC for a DOCOL reference.

Since there is a one-cycle delay between setting the
MPC and seeing the effects of the new MPC, END is
the second half of the NEXT operation, and must al-
ways be placed in the last microinstruction executed in
a FORTH primitive operation. ED increments the PC
only if a microcoded FORTH primitive is being refer-
enced by the PC. If a colon definition is being refer-
enced, the PC is unchanged, so that the reference may
be read from memory and back to the PC by DOCOL.
Also, PCSAVE is set with the contents of the PC be-
fore the PC is incremented. This is used by DOCOL to
push the return address to stack 50, and by other
FORTH words to restore the PC after accessing pro-
gram memory with data fetches and stores. END also
forces a JMP=000 microinstruction jump. This forces
the low order bits of the next microinstruction to O, so
that execution of a microcoded FORTH primitive al-
ways starts at offset 0 within the micromemory page.

The microcode definition for * shows that DE-
CODE is in the next-to-last instruction (which also
happens to be the first instruction), and END is in the
last instruction. There may be several DECODE mi-
cro-operations and several END micro-operations in
the same microcoded primitive. All that matters is that
a DECODE must be executed on the next-to-last micro-
cycle, and an END on the last microcycle before the
end of the execution path of the microcoded primitive.
See 0< and D+ for examples.

Microcode Next Address Generation

A complete description of the hardware used for next
address generation is in the sections describing the
MPC, MIR, and micromemory above.

The microassembler automatically generates an ap-
propriate jump to the next sequential offset within a
page. This means if a 3 is used before the :: word, then
the microassembler will assume that the next microin-

45

50

65

12

struction is at offset 4 unless the JMP= microinstruc-
tion is used to tell it otherwise.

The JMP= instruction allows forcing nonsequential
execution or conditional branching simultaneously with
other microinstruction operations. A JMP=000,
JMP=001, . .. JMP=111 command forces an uncondi-
tional 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 6 for the next
microcycle.

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 0 or 1. The sign bit conditional jump is used below
as an example.

A conditional jump sets the lowest bit of the next
microinstruction 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: CA CB CC CD E. The first two
bits are always numeric, indicating the top two binary
bits of the jump destination address within the mi-
cromemory page. The example JMP=10S would jump
to offset 4 within the micromemory page if the sign bit
were 0, and location § if it were 1.

Of special note: The equal bit JMP=xxE) is 1 only if
all bits of the ALU output are 1. Also, the ALU-carry-
out condition (JMP=xxCA) is inverted so the micro-
operation JMP=11CA would jump to offset 7 if the
ALU carry-out was zero, and offset 6 if it was 1. The
microcode for 0< <#LOOP> and FILL all provide
examples of conditional branching.

The INC[MPC] microinstruction is used to allow a
microcoded word to use more than a single page of
micromemory. Looking at FILL as an example, one can
see that offset 5 is the next to last word executed within
page 23 of the micromemory, and that it has an
INC[MPC] micro-operation. Offset 5 then jumps to
offset 3 within the same page. As the microinstruction
at offset 3 is being executed, the incremented MpC
value is being used as the page address for the next
microinstruction fetch. The jump from offset 3 to offset
0 (JMP =000) sets the bottom three bits for use with the
incremented MPC value in fetching the first microin-
struction from the page 24, which in this case is at offset
0. There MUST be some sort of JMP=xxx specified in
the last microinstruction to a page (executed just after
the INC[MPC], but it may be any kind of jump, even a
conditional one.

The programmer must make sure that all microcoded
looping is done within the same page, since there is no
way to decrement the MPC. However, if this is not
possible, the microcode can be written to implement a
single step of a loop, and a high level loop may be used
to execute the steps. See <$=STEP> for an example
of this technique.

INC[PC]

This micro-operation unconditionally increments the
program counter at the end of the microcycle. It must
not be used in conjunction with DECODE or END.
The memory addressed by the incremented PC value
will be available in time for use in the very next micro-
cycle.

Shifting :

The 32-bit shift register formed by DHI and DLO is
covered in detail in the hardware description section.
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The rules for using the shift operations are: Do not load
and shift the same register in a single clock cycle. DLI
and DLO are completely independent of each other.
Exercise caution when using SR[DHI], as the shift-in
value can be tricky.

Stack Pointers

The 8-bit stack pointers are incremented and decre-
mented at the end of the microcycle. The value in the
stack at the current pointer location may be used in the
same clock cycle as an increment/decrement of the
pointer value. The stack value at the new pointer loca-
tion will be ready for use in the next microcycle.

The kernel microcode keeps the top data stack ele-
ment in the DHI register, and the DP pointer points to
- the second from the top stack element on the DS.

ALU Functions
Table 1c lists the usable AL U functions. The microas-
. sembler automatically sets the ALU carry-in bit, mode
- bit, and ALU function. Of special interest is the fact that
only the A side of the ALU can be incremented or
decremented. This has special use in EXIT, where the
! return address must be incremented on its way to the
PC.
ALU function ALU=0 sets the ALU outputs to all
. 0s. ALU=—1 sets the output to a two’s complement
—1 (all bits 1). The ALU uses two’s complement arith-
metic.
The DHI register can be tested for true/false values
- by performing an ALU-notB function and using a
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JMP=xxE in the next microinstruction. See ?DUP for
an example.

Source and Destination

The source and destination selection fields are used to
determine the 3-state bus transmitter and receiver for
microinstruction. Only one source for the data bus 32
may be specified at a time. The sources MRAMLO and
MRHI will not do anything useful if used in Master
mode. The SOURCE= micro-operation enables the
outputs of the desired resource and places its data on the
data bus 32.

The destination micro-operation, specified by
DEST =, clocks data into the designated board re-
source at the end of the current microcycle. This clock-
ing in takes place before any pointers, counters, or shift-
ers have a chance to change wvalue. Using
DEST=MPC. DEST=MRAMLO, or DEST=-
MRAMHI will cause your microprogram to crash in
the Master mode. These three destinations are used in
Slave mode to access micromemory.

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.

-== PART I:
MICROASSEMBLER SOURCE CODE

INDEX -—— CFU/16 MICROASSEMELER SOURCE

COFYRIGHT 1986,

& WIGC Technologies,

FHIL EQOFMAN JR.
LAST UFDATE: =/14/87
1287

Inc.
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15 16

2 LOAD SCREEN FOR MICRODASSEMELER
& - B FORTH UTILITY WORDE
il - BZ MICROASSEMELER/CROSE-ASSEMEBLER

o

\ LOAD SCREEN FOR MICRO-ASSEMELER/CROSE-COMFILER FOR CRU/16

DECIMAL

CR CR ." Loading CPU/16 micro/assembler and cross compiler.”
." (C) Copyright 198&, 1987 " CR

." Fhil Koopman, Jr. & WISC Technologies, Inc. " CR CR

Z 81 THRU

CR CR ." Load complete." CR CR™
" Flease dn a SAVE-FORTH to file name MASSEM.COM" CR

#3 an
\ CASE STATEMENT —-- CASE IFCASE
DECIMAL :
: CABE == { COMFILE )
{ FLAG —-* FLAG ( EXECUTE )

COMFILE *R COMFILE R@ o 31 3

IMMEDIATE
: IFCASE ( ..ADDRE.. COUNT Z1 -> ... ERANADDR COUNT =2

¢ FLAB -» )  ( EXECUTE )
i 7PAIRS T2 COMFILE OBRANCH HERE O ,
ROT 1+ ROT  ;
IMMEDIATE

C #4

\ CASE —-—— NEXTCASBE ELSECASE
DECIMAL
: NEXTCASE ( ... BRANADDR COUNT 3I2 -» .. ELSEADDR COUNT =1
( —-» FLAG ) ( EXECUTE
32 ?PAIRE COMFILE BRANCH O
SWAF HERE OVER - SWAF !
HERE 2- SWaF 31 COMRILE RE@
IMMEDIATE

: ELSECASE ( ... COUNT 32 - ... COUNT ZZ )
2 TPAIRS COMFPILE BRANCH O
EWAF HERE OVER - CWAF !
HERE 2- SWaP 23 ;
IMMEDIATE

)
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17 18
SCR #5
(WIAN CASE —-<— ENDCASE EBETWEEN
1 DECIMAL
2 1 ENDCASE ( => )
= DUF 32 = IF DROF SWAF HERE OVER ~ SWAF !
4 1- 33 THEN 33 PPAIRS PBEGIN
S DUF 0> WHILE SWAF HERE OVER - SWAF !
é 1- REFEAT DROF COMFILE R> COMFILE DROP H
7 IMMEDIATE
e
? : BETWEEN ¢ N1 N2 NZ -> N2¢=N1<=N3I7? )
14 *R OQVER > NOT SWAF
i1 R > NOT AMD ;3
12
1=
14 -
15~
SCR #&
(8]
1
4
=
&
7
8
9
i0
11
12
13
14
15
;
SCR #7 .
G N BET UFP CPU/1&6 MEMORY SIZE CONSTANT
1 HEX
2 FEFO CONSTANT MEM-SIZE
Z DECIMAL '
4 CR MEM-EIZE U. ." words memory on system" CR
S
&
7
e
qﬂ
10
11
1=
14

15
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19 20
#E
s
L T
\ FORTH EBOARD &TOF & GO -- ETOF GO STATUST CYCLE
HEX
VOCAEBULARY MICRD-ASESEMBLER IMMEDIATE
MICRO-ASSEMRBILER DEFINITIONG
: ETAF ¢ =% )
JER F& DROF g
: G0 ¢ =% )
JEC P@ DROFP
: STATUS ( - STATUS ) \ Status register contents
TEA F@ OFF AND
: ETATUST STATUS U, :
: CYCLE " ( =& ) \ Cycle one clock. tick
G IE4 PR 3
DECIMAL
H
C HIO
\ FORTH BOARD I/0 FRIMITIVEE —— X! Xe@
HEX
CODE X! (M -5 3 \ WRITE WORD TGO RBROARD N
EX FOF DX , # FE7 MOV
AL, . BH MOV DX , AL 0OUT
DX , # ZEC MOV AL , EBL MOV DX , AL 0QuUT
NEXT JHF ENE—-CODE
CODE X@ ( N =* ) N READ WORD FROM EBOARD
DX  # ZEE MOV
AX 4, DX IN AX FUSH
NEXT JHF END—-CODE
DECIMAL
#11
\ FORTH BOARD I/0 FRIMITIVES —-- MIR!
HEX

CODE MIR! (D - ) . N\ WRITE 2 WORDE TO EOARD

EX FOF

DX , # 3JIE7 MOV AL . BH. MOV DX , AL QuT
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DX , # ZEZ MOV AL . BL Mny' DX ., AL 0OUT
EX FOF '
DX , # IE7 MOV AL , BH MOV DX , AL OUT
DX , # ZIE2 MOV AL , BL MOV DX , AL OUT
NEXT JMF END~CODE

DECIMAL

#12

N VARIARLES

DECIMAL

N Following
\ hava

VARIARLE
VARIABLE
VARIARBLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

VARIABLE
VARIABLE

*8SHIFTIN

=IMF
FINCMPC
*DECODE
*>INCPC
*DHI
*>DLo

CURRENT-FAGE

FOR MICROASSEMEBLER

VARIAELE
VARIABLE
VARIAEBLE
VARIAEBLE
VARIAEBLE
VARIABLE

>ALU
»DEST
»SOURCE
»RF

+DF
>END

variables are all flags that indicate if fields
been used in current micro-instruction assembly

\ Micromemory page number

CURRENT—-OFFSET \ Micromemory offset value
DVARIAEBLE MICRO-WORD \

\ INITIALIZE MICROASSEMELER FLAGS

&}
G

*DF

F - {

- )
HEX
: RESET ( -+ )
G rEND !
G FDEET !
0O =INCHMPC !
G =DHI !

N o= )

CURRENT-OFFGET

(]
O
(8}
QO

*ALU !
=JIME !
»*DECODE
=pLO !

MICRO-WORD D! H

\ Start
! RESET

\ Set required bits for default fields

DECIMAL
¢ #14

\ ETORE MICROCODE WORD ——

HEX

: FINISH ( =% )
*END & NOT
YEHIFTIN @ NOT
*INCHMFC @& NOT
>*DECODE @ NOT
FINCFC @ NOT
#DHI @ NOT
*DLO @ NOT

G YSHIFTIN !
O »SOURCE !

i (@]
0 >RF

Defn

s00

O »INCFC !

]

IF 800Q0000. MICRO-WORD
IF 20000000, MICRO-WORD
IF 00800000, MICRO-WORD
IF 00400000, MICRO-WORD
IF 00200000, MICRO-WORD
IF 00120000, MICRO-WORD
IF 00060000, MICRO-WORD

D+!
D+!
D+!
D+!
D+!
D+!
D+t

Current micro-assembler building word

N = Offset value

THEN
THEN
THEN
THEN
THEM
" THEN
THEN
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23 24
10 *RF @ NOT IF 00010000, MICRO-WORD D+! THEN
i1 »>DF @ NOT IF 0OO004000, MICRO-WORD D+!  THEN
12 — ALY -~ - - @ NOT IF - 00001C00. MICRO-WORD D+! THEN
= :L SET—.s BT ISR Ferform - MIR!y- but don t rycle .clock . .
14 © FINISH MICRO- WORD DC MIR!- - -
15 :;jDO (=3 ) 3SETT CYCLE 3; DECIMAL f"
ECR #1&
0O\ SOURCE DEFINITIONS
1 HEX
2 ERC ( DVALUE ->» ) T ( PFA = )
= CREATE D,
4 DOEE ™ *SOURCE @ ARORTY MULTIFPLE SOURCE= STATEMENTS"
] 1 »S0OURCE ! D& MICRO-WORD D+! H
&
7 1. SRC CSOURCE=DF 2. SRLC S0OURCE=DS
8 Z. SRC SOURCE=RF 4. SRC SOURCE=RS
g S. ERC SOURCE=FCSAVE 6. SRC SOURCE=RAM
10 7. SRC SOURCE=DLO
i1 BE. SRC SOURCE=MRAMLO C. SRC SOURCE=MRAMHI
12 OF. SRC SOURCE=ALU
1=
14

15 RECIMAL

-

SCR #1&
O N\ DEST DEFINITIONS
1 HEX
2 1 DET ( DVALUE —-x ) ( PFA => )
= CREATE 4 DLSLN D,
4 DOES: *DEET @ ABORT" MULTIFLE DEST= STATEMENTS®
S -1 »DEST ! D@ MICRO-WORD D+! F
&
7 - 1. DET DEET=DF 2. DST DEET=DS
g Z. DBT DEET=RF 4. DST DEET=RE
? S. DET DEET=FC &. DST DEET=RAM
10 7. D&T «<DDLOx: 8. DST <DDHI:>
11 9. DET DEET=ETATUS A. DST DEST=MFC
12 E. D&T DEST=MRAMLO C. DST DEST=MRAMHI

12 @ DEST=DLOD <DDLO> 1 >DLO ! 3
14 : DEST=DHI «DDHI> 1 *DHI !
13 DECIMAL

an

SCR #17

O \ RF STACKE’FDINTER CONTROL

1 HEX

2 : RF  ( DVALUE -3 ) ( FFA ~> )

z CREATE ©OF DLSLN D,

4 DOES: *RF @  ABRORT" MULTIFLE RF STATEMENTS®

S 1 »RF ! pe MICRO-WORD D@ FFFE7FFF. DAND

& DOF  MICRO-WORD DM

7

8 0. RF DECIRFI

Q 1. RF INCLRF]

10

11

iz -
" 1% DECIMAL -
14 -

15 - -~ =
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L #18

v DF STACE FOINTER CO

HEX

: @QF
CREATE
DOEE:

DVALUE - )
OD DLSLN
*DP @
*DF !
MICR

1
DOR

ar DECLDF]
aQF INCCLDF]

Q.
1.

DECIMAL

#19
\ SHIFT CARRY CONTROL
HEX
: SC=0 (- ) _

*SHIFTIN @ ABORT"
: 8C=1 (=¥ )
*EHIFTIN @ ABORT"
20000000, MICRO-KWO
DECIMAL
: #20

\ INCIMFCI ¢ INCLFCI
HEX
: INCIMFCI ¢ =%
*INCMFC @ ABORTY
1 INCMFC ! H

INCLFC] ¢ =% )
»INCFC @ ARORT"

: DECODE ( => )
*DECODE & ARORT"
( Leave bit_at Q)

pECIMAL L o

21
\ DLO AND DHI CONTROL
HEX

: SLILDHII (¢ =& )
*DHI & ARORT" mMUL
QOOBOOGO, MICRO-W

: SRIDHIZ] ( —=x )

MULTIFLE INCLFCI

4,980,821
26

NTROL

¢ FFA = )
D,
ABORT" MULTIFLE DF STATEMENTS"
D@ MICRO-WORD D& FFFF?FFF. DAND
O-WORD D! j

SC=0 SC=1
MULTIFLE SC STATEMENTS" 1 »SHIFTIN !
MULTIFLE SC STATEMENTE" 1 »SHIFTIN !
RD D+! 3
DECODE

MULTIFLE INCIMFC1 STATEMENTS"

~

STATEMENTS" 1 >INCFC

MULTIFLE DECODE

STATEMENTES" 1 :>DECODE

TIFLE DHI STATEMENTE" 1
ORD D+! H

+DHI !

bl
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27 28

“pDHI @ ABEORT" MULTIFLE DHI STATEMENTS® 1 »DHI !
00100000, MICRO-WORD D+! H
SRILDLO]  —=* )

~pLO @ ABORT® MULTIFLE DLO STATEMENTSY 1 »DLO !
OOGA0000 .  MICRO-WORD D+! g
SLILDLO] =%

~“pDLO @ ARDORT" MULTIFLE DLO STATEMENTS 1 »DLO !
OGOR0000. MICRO-WORD D+!

ECIMAL
ALL DEFINITIONS
EX
ALU  ( DVALUE -* 2 ( FFA =2 )
CREATE D,
DOEEX =By @ AEORT" MULTIFLE ALU= STATEMENTE"
1 »ALY ! D& MICRO-WORD D+! j
Logical definitions

1G00. ALY ALU=notA

1100. ALY ALU=Anork 1900. ALy ALU=AxnorE
1A00. ALU ALU=E
1300, ALU ALU=Q 1E0G, ALU aALU=AandE
1400. ALY ALU=AnandE icoG. ALU ALU=-1
1500. ALU ALU=notR '
1600, ALU ALU=Axork 1EQGO. ALU ALU=AorE
1iF0G. ALU ALU=A
ECIMAL
ALU DEFINITIONS - 2
EX
Arithmetic definitions

40000600, ALU  ALU=A-ER-1
40000900, ALU ALU=/A+ER
40000C00. ALU ALU=A+A
40000F00. ALY ALU=A-1

OOOOCO00. ALY ALU=A+1
QOOO0600. ALY  ALU=A-E
QOOO0900. ALU  ALU=A+RE+1

QOO0OCHO. ALY ALU=A+A+1

BRARD MEMORY ACCESS Zt Z@

DECIMAL

Z! ¢ N ADDR - )
L & :: ALU=A DEST=FC :5ET MICRO-WORD D& 1 DLITERAL MIR! X!
L 1 :: DEST=RAM ;SET MICRO-WORD D@ 1 DLITERAL MIR! X! 3

@ { ADDR - N )
L © :: AlLU=A DEET=FC :5ET MICRO-WORD D& 1 DLITERAL MIR! X!
L 1 :: SOURCE=RAM ;SET MICRO-WORD D& 3 DLITERAL MIR! X@&
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29 30
.14
15 )
:
SCR #25
O \ NEXT ADDRESS GENERATION/JMF
1 HEX
2 1 JME ( DVALUE -» ) ( FFA -3 )
= CREATE 1S DLSLN D,
4 DOES: *IMF @  ABORT" MULTIFLE JMF= STATEMENTS®
5 1 >JHP D& MICRO-WORD D+! ;
% ;
7 00, JMF JMP=0G0 1C. JMF  JIMP=0G1
8  Gl. JMF  JHMP=G10 iD. JMF  JMP=011
9  0Z. IMF  JMF=100 1E. JMF  JMP=101
10 03, IMF JMF=110 IF. JMF  JMP=111
11 . _
12 04. JMP JMF=00CA 0S. JHMF  JMF=01CA
17 06. JMF  JMP=10CA 07. JMF JMF=11CA
14
1S DECIMAL
SCR #24
O \ NEXT ADDRESS GENERATION/JMF — o
1 HEX _
2 0B. JMF JMF=0OCE 0%. JMP  JMF=01CE
T GA. JMF  JMP=10CE OE. JMF JMP=11CE
4 .
S  0C. IMP  JMF=00CC " aD. JMF  JMP=01CC
6  GE. JMF  JMF=10CC OF. JMF  JIMP=11CC
7  10. JMF  JMP=00CD 11. JMP JMP=01CD
g 12. JMP JMP=10CD 1Z. JMF  JMP=11CD
9
o JMF=00S JMF=01S

IJMP=108 JMF=11S

IMP=01]

1

2 ¢ <AUTO-ADDR: ( =1..7 =2 )

3 CASE -1 = IFCASE JMFP=000 NEXTCASE

4 o = IFCASE JMF=001 NEXTCASE

S 1 = IFCABE JMF=010 NEXTCASE

& 2 = IFCAEE IMP=011 NEXTCASE

7 T = IFCASBE JMP=100 NEXTCASE

e 4 = IFCASE JMF=101 NEXTCASE

2 5 = IFCASE JHP=110 NEXTCASE

10 & = IFCASE JMF=111 NEXTCASE

11 7 = IFCASE AEORT" NOT JMFP= ON PAGE CROSSING"
i2 EL.SECASE i ABRORT" ERROR IN AUTO-ADDRY ENDCAEE H

- 14 DECIMAL
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31 32
420 _ e
\ EBOARD MICRO-MEPMORY QCDESS SETMFC HMADDR
HEX
COLDE EB/FFOO—-0R ( ADDR1 -> ADDRZ )
AX FOF AX L 1 EHR AX . 1 SHR AX , 1 SHR AX , # FFOO OR
AX FUSH NEXT JMF END—~CODE
: SETMFC  ( MRAM-ADDR - )
[ © :: DEET=MFC DECODE ;SET MICRO-WORLD D& 1 DLITERAL MIR!
8/FFGO-0R X! H
: MADDR ( ADDR - )
( Set microinstruction address bits )
1 :: 07 AND 1- <AUTO-ADDR> H
DECIMAL
¢ H2G

\ SET UF FOR HIGH SFEED MICROCODE LOAD

HEX
\ Set appropriate micro-word bits within a page
CODE SET-UF-MADDR ( DMICRO-WORD1 LO-ADDR -> DMICRO-WORDZ )
AX FOF BrX FOF .
DH , AL MOV DH , # 6 AND DH , 1 SHR
BEH , DH OR h
AX , # 1 AND w07 IF EH , # 0O1iC OR THEN
BX FUSH

NEXT JMF END-CODE

DECIMAL .

#Z0
\ HIGH SFEED MICROCODE LOAD FOR A FAGE
DECIMAL
: MZ!'FPAGE ( DO ... D7 MADDR -» ) \ Load page of B microwords
SETHFC O 7
DO [ © :: DEST=MRAMHI JMF=000 ;SET MICRO-WORD D& 1 DLITERAL
I SET-UR-MADDR MIR! X! -
[ & :: DEST=MRAMLO JMF=000 ;SET MICRO-WORD D& 1 DLITERAL
I SET-UFP-MADDR MIR! X!
-1 +LOOF ; -
:
v HEL
N BOARD MICRO-MEMORY ACCEESE MZ! MZI@
HEX
: MZ! { D ADDR -3 )
*R R& SETHMFC R@ MALDDR DEST=MRAMHI ;SET X!

R> MADDR DEST=MRAMLO ;SET X! H
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33
S ' 34
& : MZ&  ( ADDR =X D )
7 DUF SETMFC ~ DUF MADDR SOURCE=MRAMLO SET  Xe
e MADDR SOURCE=MRAMHI ;SET  Xe
10 DECIMAL
11
12
13
14
15
SCR #3I2
0 \ STORE MICROCODE WORD —-- ;3 ~ INSTR \
0 NS i3 INSTRUCTION ERND
21 33 ¢ =% )
I »JMF @ NOT
4 IF CURRENT-OFFSET @  <AUTO-ADDR:
4 < -ADDR> THEN
§ FINISH MICRO-WORD D&
s CURRENT~FAGE @ € %  CURRENT-OFFSET @ + MZ! ;
£ : INSTRUCTION (¢ N ~-3 )
9 STOF CURRENT-FAGE ! ;
10 )
11 @ <ENDx ( =3 )
12 . »END @ AEORT" MULTIFLE END STATEMENTS!
S 1F 1 END ! I . S
14 Y END - £ENDF - . JMF=000 3 - :
15 FORTH DEFINITIONS ~ 'DECIMAL . o7 7= ® ’
SCR #I3
o \ FORTH BOARD 1/0 PRIMITIVES -— W-¥EBOARD - 1
1 HEX
2 MICRO-ASSEMBLER
= G :: DEST=RAM ;SET MICRO-WORD D& DROF
4 DUF OFF AND CONSTANT TO-RAM-LO
= EYTESWAF OFF AND CONSTANT TO-RAM-HI
‘\
7 MICRO-ASSEMBLER
8 1 :: ALU=A DEST=FC ;SET MICRO-WORD D@ DROF
9 DUF GFF AND CONSTANT TO-FC-LO
10 EYTESWAF GFF AND CONSTANT TO-FC-HI
11
12 FORTH
1T DECIMAL
- 14
15
s
SCR #74
o \ FORTH EOARD I/0 FRIMITIVES —— W->*EOARD -z

1 HEX
2 CODE W-3*BOARD ( IBMADDR EBODARD-ADDR WORDCOUNT —= )

aY ., # TE7 MOV ES , AX MOV
Cx POF EX FOF DI , SI MOV Sl FOF
BEGIN ( © :: ALU=A DEST=FC 1SET )

Gl. 4 ¥ TO-FPC—-LO MOV DX . # ISEZ MOV
( Store count in FC 7

m~ oA

AL . # TO-FC-HI MOV DX , ES MoV DX
DX

=

SWAF

Al
AL

ouT
DuT
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35 36
< AL . BH MOV DX , ES MOV DX , AL OUT
15 Al ; BL MOV DX , # ZEQ MOV DX , AL 0OuUT
11
12 DECIMAL
132
14
19
SCR #7235 -
G \ FORTH BOARD I/0 FRIMITIVESE —— W->EBOARD - I
1 HEX
2 (¢ O =23 DEST=RAM ;SET )
; AL , # TO~-RAM-HI MOV DX , ES MoV DX ., AL QUT
; AL ; # TO-RAM-L.O MOV DX , # ZIEZ MOV DX . AL QUT
S\ Store the actual 14-bit vglue into RAM
& LODSW AH , AL XCHG DX , ES MoV DX , AL OUT
7 AL . AH MOV DX , # TEO MOV DX , AL QUT
e EX INC
9 TLOOF  UNTIL
10 SI ., DI MOV
11 NEXT JHMF END-CODE
12 . DECIMAL. S : -
D B T . B
B R R SR
15
GCR #X4&
O N TRANGFER IBM FC RAM TO EDARD RAM ——— IEM->EOARD
1 HEX
2 ¢ IEM-:ROARD ( IEMADDR BROARDADDR WORD-COUNT =3 )
= MICRO-ASSEMRBLER STOR
4 [ G 3 3;SET MICRO-WORD D@ 1 DLITERAL MIR!
3 W=>RB0OARD
& [ X :: SOURCE=FCSAVE ALU=A+1 DEST=£C :SET MICRO-WORD D@ 1
7 DLITERAL MIR! CYCLE
g8 FORTH DECIMAL
<
1
i1
12
1=
- 14
S
.
SCR #37
O \ FORTH BOARD I/0 PRIMITIVES —— W-3IEBEM
1 HEX
2 CODE W->IEM ( IEMADDR WCOUNT - ) \ Factored word
= CX FOF DI FOF AX , DS HMOov ES , AX MOV
4 EEGIN DX . # ZE? HOV AL 4 DX IN AH . AL MOV
3 DX , # ZE8 MOV AL 4 DX IN STOSW
& DX . # ZTE4 MOV DX , AL OuT
7 FLOOR UNTIL
g8 MEXT JMF END-CODE
4
10 DECIMAL
11
12
13
14

Qe
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SCR #38 o .
0 \ TRANSFER’ EOARD RAM TO IEM FC RAM ——— BOARD—>IEM
1 HEX
2 : BOARD-XIEM ( BOARDADDR IEMADDR WORD-COUNT - )
3 MICRO-ASSEMELER STOF
4 [ O :: ALU=A DEST=FC ;SET MICRO-WORD D& 1] DLITERAL
9 MIR! ROT X! .
6 [ 1 :: OSOURCE=RAM INCLPCI ;SET MICRO-WORD D€ 1
7 DLITERAL MIR!
8 W—xIEM
? [ 2 :: SOURCE=FCSAVE ALU=A+1 DEST=FC ;SET MICRO-WORD D& 1

10 DLITERAL MIR! "CYCLE j

-FORTH®DECIMAL" - s

SCR #39 .

O \ SAVE MICROCODE IMAGE ON SCREENS 1-8 IN FILEOQ

1 DECIMAL

% : SAYE-MICRO-SCREEN ( START-UADDR SCREEN# -3 )

= EUFFER OVER 256 +  ROT

a DO I MICRO-ASSEMELER MZ@ FORTH = FICK D' 4 + LOOF

5 DROF  UFDATE ; '

&

7 : SAVE-MICRQCODE  ( -3 )

8 DRO SAVE-BUFFERS ") MICRO-ASSEMELER  STOF FORTH

) 228 220 DO DUF . I . DUF 1 SAVE-MICRO-SCREEN

10 254 + CR LOOF

11 DROF SAVE-RUFFERS

12

13
- 14

15

;

SCR #4G

G \ LOAD MICROCODE IMAGE ON SCREENS 1-8 IN FILEOQ

1 DECIMAL

2 : LOAD-MICRO-SCREEN ( START-UADDR SCREEN# -> )

z ELOCK QVER 256 + ROT

4 DO g ¢ DO DUF D& ROT 4 + LOOF

5 I SWAF »R MICRO-ASSEMELER MZ'!FAGE FORTH  R»

& g +LDoF DROF 3 ,

7 -

S : LOAD-MICROCODE ¢ =¥ )

9 DRO  SAVE-BUFFERS O MICRO-ASSEMELER STOP FORTH

10 228 220 DO DUF . I . DUF I LOAD-MICRO-SCREEN

11 : 256 + CR LOOF

2 DROF 3

13

14

15
SCR #41

\ SAVE FGMRAM IMAGE ON SCREENS 9-... —— IN FILEOQ

DECIMAL  DMODE
: SAVE~BOARD-SCREEN ( EBOARD—-ADDR SCREEN# - )
BUFFER 912  BOARD->IEM UFDATE 3

D)= D
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5 : SAVE-BEDARD-FORTH {( —> ) o
& DRO SAVE-BUFFERS (&
7 MEM-SIZE O 512 U/MOD SWAF DROF 230 + 230
8 DO DUF U. I U, DUF I SAVE~EOARD-SCREEN
9 S12 + CR LOOF

10 DROF . SAVE-BUFFERS 3

SCR #42

G\ LOAD FEMRAM IMAGE ON SCREENS 9- ... —-— IN FILEOQ
1 DECIMAL
2 : LDAD—-ROARD-SCREEN ( START-ADDR SCREEN# —> )
= BLOCK SWAF S12 IRM->ROARD ;
4
S LOAD-BOARD-FORTH ( =%
& DRG o SAVE-RUFFERS MICRO-ASSEMEBLER STOF FORTH
7 MEM-SIZE ¢ 512 U/FMOD SWAF DROF 230 + 230
= Dpa puRE u. T U, DUF I LOAD-BOARD-SCREEN
9 Sis o+ CR LOOF
10 DROF H
11
12 : LOAD-ALL LOAD-MICROCODE LOAD-BOARD-FORTH j
13
14
15
;
SCR #43%
O \ FORTH BOARD I/0 FRIMITIVES —-— C-*BOARD - 1
1 HEX
Z CODE C-:ROARD ( IEBMADDR BOARD-ADDR BYTECOUNT -x )
I AX , # IE7 MOV ES , AX MOV
4 CX FOF EX FOF 0Dr . I MoV S FOF
S BEGIN ( © :: ALU=A DEST=FC ;SET )
& &L 4 # TO-FC-HI MOV DX , ES MoV DX , AL 0OuT
7 AL, # TO-FC-LO MOV DX . # ZEZ MOV DX , AL OUT
& ( Store count in FC ) AXx . AX MOV
? AL . BH Moy bX , ES Mov DX . AL OUuT
10 AL . BL MOV DX , # IEOC MOV DX , AL 0OUT
11 : . )
2 DECIMAL
13
14
18
SCR #44
O \ FORTH BOARD 1/0 FPRIMITIVES —-— W-:>BECOARD - =
1 HEX
2 ( O :: DEST=RAM 3;BET )
= AL . # TO-RAM-HI MOV DX , ES Mov bX . AL 0OUT
4 aL ., # TO-RAM-LO MOV DX ., # ZEZ MOV DX , AL 0OUT
S AL ., AL XOR DX , ES MoV DX , AL OUT
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) Lopse 0 DX , # IEO MOV DX , AL OUT
EX INC

7LOOF  UNTIL
SI , DI MOV
NEXT JMF  END-CODE
DECIMAL '

SCR #4535
O \ TRANSFER IBM FPC RAM TQ BROARD RAM ——— IEM—->BOARD(BYTE)
1 HEX
2 : IBM-:ROARD(EYTE) { IBMADDR ROARDADDR BYTE—-COUNT -> )
= MICRO-ASSEMELER STCR
4 L O 2: 3CET MICRO-WORD D@ 1 DLITERAL MIR!
b} C~-»BOARD
& L 3 :: SOURCE=FCSAVE ALU=A+1 DEST=FC ;SET MICRO-WORD De 1
7 DLITERAL MIR! CYCLE H
8 FORTH DECIMAL
9
1G
11
12
13
- 14
15
5
SCR #4646 _
o \ FORTH EBOARD I/0 FRIMITIVEE —— C->IEBM
1 HEX
2 CODE C—--IEM ( IEBMADDR COUNT -2 3 \ Factored word
s CX FOF DI FOF AX . DE MDV ES , AX Moy
4 BEGIN DX ., # JEB MOV AL , DX IN STOSE
S DX ., # TE4 MOV DX , AL 0OUT
& TLOOF UNTIL
7 NEXT JmMF END—-CODE
=]
? DECIMAL
10 .
11
12
1=
14
b=}
SCR #47
o \ TRANSFEF BOARD RAM TO IBM FC RAM —-—— BOARD->IEM(EYTE)
1 HEX
2 : BOARD-:IBM(BYTE) ( BOARDADDR IBEMADDR WORD—-COUNT -&> )
s MICRO-ASSEMEBLER STOF
4 [ O :: ALU=A DEST=FC ;SET MICRO-WORD D& 1 DLITERAL
S MIR! fROT X!
6
7

[ 1 :: GSOURCE=RAM INCLFCI ;SET MICRO-WORD D& 13
DLITERAL MIR! .
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e C->1IEM
9 L 2 :: SOURCE=FCSAVE ALU=A+1 DEST=FC 3;SET MICRO-WORD D€ 1]
10 A ITERAL MIR! CYCLE  j

= FORTH ~:DECIMAL ™

O\ DATA S8TACE TO BOARD

1 HEX FORTH DEFINITIONS
2 1 DE-FBOARD ( ...STACKIN... =3 )
%) MICRO-ASSEMELER
4 STaF
=} DEFTH 1+ NEGATE OFF AND =R
& DEFTH 0= IF O THEN
7 OFF Re& DO
& [ & :: DEST=RF ;E8ET MICRO-WORD D& 1 DLITERAL MIR! I X!
4 L & :: DEST=DS ;SET MICRO-WORD D@ 1 DLITERAL MIR! X!
10 LOoF
i1 O :: DEST=DF ;BET R>» X1
12 L O :: SOURCE=DS ALU=A DEST=DHI INCLDF] iSET
13 MICRO-WORD D& 1 DLITERAL MIR!  CYCLE
- 14 FORTH

19 DECIMAL
i
SCR #4929
O \ DATA STACK FROM EBOARD

1 HEX FORTH DEFINITIONS

2 : BOARD->*DS ( —=> ..STACEOUT... )

Z MICRO-ASSEMELER ETOF

4 gp! 0 :: GEDURCE=DF ;SET X& CFF AND

= DUF 00 = IF DROF

a} ELSE 1-

7 1 :: DECLDF1I ;DO

8 L 2 :: SOURCE=ALU ALU=E DEST=DS ;SET MICRO-WORD D& 1
? DLITERAL MIR! CYCLE

10 I :: DEST=DF ;GET OFE X!
11 C 1 :: SOURCE=DS DECLDFl ;SET MICRO-WORD D& 1
12 DLITERAL HMIR!
1= OFF SWAF DO @ CYCLE LOOF

14 THEN 3
15 FORTH DECIMAL

SCR #5G
¢ \ BOARD VOCARULARY

1
=
4
S
&
7
8
?

DECIMAL FORTH DEFINITIONS
: B-RES [ "INTERPRET @ 31 LITERAL "INTERFRET ! ;
VARIABLE “RINTER "INTERFRET @ ‘RINTER !

VOCARBULARY BOARD-VOC IMMEDIATE

RS ( —-» \ Enter board vocabulary/execution mode
[COMFILE] BOARD-YOC DEFINITIONS

"BINTER @ *INTERFRET !

( Get rid of return stack junk )

Rx R» DDROF JINTERFRET @ EXECUTE ;
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SCR #5951
O N NULL FOR BOARD VOCARULARY
1 HEX BEQARD~VOC DEFINITIONS
2 ¢ X FORTH BLE @ \ Redefine null
= IF STATE & 7STREAM THEN R» DROF H
4 ROARD-VOC -
6 - -
7 DECIMAL
]
9
10
11
12
1=
- 14
15
M <
ECR #32
G N\ SERVICE ARRAY
1 DECIMAL FORTH DEFINITIQNS
2 CREATE SERVICE~ARRAY S12 ALLOT
4
o : SERVICE-ENTRY ( CFA INDEX -3
& DU 255 » QVER 1 < OR
7 AEORT" INVALID SERVICE-ENTRY INDEX®
8 2% SERVICE-ARRAY + ! ;
9
10
i1
12
1=
14
13
SCR #53
G N\ SERVICE ARRAY INITIALIZATION
DECIMAL

: BAD-SERVICE-CALL ( —» )
1 ABORT" CALL TO BAD SERVICE ROUTINE" ;

2

4

S 1 XXX \ SCRATCH
& 256 1 DO
7
8
q

~

" BAD-SERVICE-CALL CFA I SERVICE-ENTRY LOOF H

XXX
16 FORGET XXX -

SCR #54
O \ SERVICE CALL PRIMITIVES

1 HEX FORTH DEFINITIONS

2 REETART ( =» ) \ Restart FORTH board for concurrent usage
et MICRO-ASSEMRLER L F :: JMP=10C ;SET MICRO-WORD D@ 1

4 DLITERAL MIR! GO FORTH 3

S
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: SERV-FAGE ( Board: ~—~> )
RESTART FAGE ;
SERV-FAGE CFA 2 SERVICE-ENTRY

: SERV-KEY ( Board: O -» CHAR ) MICRO-AEEEMELER
L O :: ALU=A DEST=DHI ;SET MICRO-WORD D& ] DLITERAL MIR!
EEY R FORTH RESTART

* SERV-EEY CFA 4 SERVICE-ENTRY

DECIMAL

#o5

N\ EERVICE CALL FRIMITIVES -2

DECIFAL FORTH DEFINITIONS

: EV-2ND  ( - ZND.STACK.ITEM ) MICRO~ASSEMBLER

[ 0 :: SOURCE=DS ;SET MICRO-WORD D& 3 DLITERAL MIR'!' X@&@ ;

: SERV-READ { Board: AD BLE# -> AD EBELK# ) MICRO-ASSEMEBLER
@ FORTH DUF >R : .
BLOCKE  SV-2ND 1024 IBEM~>EROARD(BEYTE) REETART

N\ Ferform read of next block to have it avaiable in RAM
R» 1+ BFDRV MIN RLOCE DROF ;

SERV-READ CFA & SERVICE-ENTRY

: SERV-WRITE ( Board: AD BLK# -> AD ELK# ) MICRO-ASSEMELER
X@ FORTH SV~ZND
SWAF OFFSET @ + BUFFER 1024 EOARD-» IEM(EYTE)

REGTART UFDATE GAVE-BUFFERS
SERV-WRITE CFA 7 SERVICE-ENTRY

54 ,

\ SERVICE CALL FRIMITIVES - =

DECIMAL FORTH DEFINITIONS

: SERV-TERM  ( Eoard: O -3 FLAG ) MICRO-ASSEMELER
L O :: ALU=A DEST=DHI ;SET MICRO-WORD D@ 1 DLITERAL MIR!
TTERMINAL

IF -1 ELSE © THEN X! FORTH RESTART ;
SERV-TERM CFA S SERVICE-ENTRY

#57
\ SERVICE CALL FRIMITIVES -4
HEX FORTH DEFINITIONS
. SERV-EMIT  ( Board: CHAR EFRINT —-»> CHAR EFRINT )
EFRINT @ MICRO-ASSEMBLER X@ EFRINT !
SV-ZND © FORTH RESTART
EMIT  EPRINT ! 3
SERV-EMIT CFA 1 SERVICE-ENTRY

: SERV-CR ( Board: EFRINT - EFRINT 7
EFRINT @ MICRO-ASSEMBLER X@ EFRINT !
RESTART CR EFRINT ! 3

SERY-CR CFA 2 SERVICE-ENTRY

DECIMAL
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\ SERVICE CALL WAIT LOOF WORD

4]
%
oom

1 HEX FORTH DEFINITIONS

2\ Uses the DECODE instruction in EYECALL OFFSET:2 to restart
I 1 NOF g

4 ° NOF CFA OFF SERVICE-ENTRY

S

& ¢ BSERVICE ( =% )

7 BEGIN

g BEGIN MICRO-ASSEMELER ETATUS FORTH 7DUF UNTIL
Q? MICRO-ASSEMELER STOR FORTH
10 DUF *R OFF aND 2% SERVICE-ARRAY + @ EXECUTE
i1 R> OFF = UNTIL H
1z
1% FORTH
14 DECIMAL
i3S

SCR #5¢9

O \ EXECUTE A+FROSRAM ON THE BO&RD —- BEXECUTE

1 HEX FORTH DEFINITIONS

2\ Uses the NOF instruction in INETR:0 OFFSET:7 to run

I 1 BEXECUTE { .STACKIN.. ADDR =2 «.STACKOUT.. )

4 MICRO-ASSEMELER *R ?STACK

S 0 :: DEST=STATUS sSET O X! ( Reset status reg
& FORTH DS-:>EOARD MICRO-ASSEMELER

7 1 :: DEST=MFC DECODE $SET FFOQ X! ( Boot instruction )
=] 2 1: ALU=A DEST=FC $SET R>»> X! ( Start address )
Q9 I 1 JMP=101 sSET

. START .. ™ GO
~ BSERVICE - <" END * CR
. FORTH »BDARD?}DS;h,:;. :
FORTH. ..

R #&0
G \ OF-EXECUTE BOARD
1 HEX FORTH DEFINITIONS '
2 @ OFP-EXECUTE (¢ N —* ) \ Bingle step execute a primitive
= MICRO-ASSEMBLER STOF o Z!
4 FFOZ ( HALT ) 1 Z!
] O BEXECUTE H
&
7\ _JUMF start the board using the COLD execution vector
g8 : BCARD (-3 )
e o BEXECUTE
10
11 DECIMAL
12
13
- 14
15
.
SCR #&1
O \ REDEFINE INTERFRET FDR EOARD VOCARULARY USAGE
DECIMAL FORTH DEFINITIQNS
VARIABLE BOARD-FENCE HERE BOARD-FERNCE !

: BOARD-INTERFRET
BEGIN -FIND
IF

s o b)Y o=
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& DROF  DUF EOARD-FENCE @ U<
7 IF CFA EXECUTE
2] ELSE @ OF-EXECUTE
9 THEN
10 ELSE HERE NUMBER DFL @ 1+
11 NOT IF DROF  THEN
12 THEN '
13 PSTACK  AGAIN :
14

15 * EBOARD-INTERFRET CFA ‘EBINTER !

L #62

[4)]
0
v A

-~
*

1
4
S
&
7
g8
g

ECR #&3
O N\ CROSE COMFILER VOCARULARY SETUF
1 DECIMAL
2 1 C-RES
3 L "INTERFRET @ ] LITERAL "INTERFRET ! ! \ Restore vector
4 : '
S VARIAEBLE ‘CINTER "INTERFRET @ ‘CINTER !
{'\
7 VOCARULARY CROSS-yv0OC IMMEDIATE
8
-t CROSS-COMFILER ( - 3
10 [COMFILEI CROSS-vOC ‘CINTER @ “INTERFRET ! INTERFRET.
11 IMMEDIATE -
12
13 : CC [COMFILE] CROSS~COMFILER 3
. 14
15
H
SCR #44

O \ CROSE COMFILER VOCABULARY SETUF - 2

1 DECIMAL

2 CROSE-VOC DEFINITIONS

: FORTH-vOC [COMFILE] FORTH i IMMEDIATE

1 MICRQO-v0OC CCOMFILESD MICRO-ASSEMELER i IMMEDIATE

FORTH C-RES [COMFILE] FORTH INTERFRET ; IMMEDIATE
MICRO-ASSEMBLER C-RES [COMFILE] MICRO-ASSEMELER
INTERFRET i IMMEDIATE

N0T N e iy

=
e
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: EDITOR C-rREE [COMFILE] EDITOR INTERFRET 3 IMMEDIATE
MICRO-ASSEMBLER DEFINITIONS

: $3END  [COMFILE] CROSS-COMFILER ;

CROSS~COMFILER DEFINITIONS

¢ #ED

\ CONSTANTS FOR MICRO-CODE REFERENCES BY CROSS-ASSEMELER
HEX CROSS-COMFILER DEFINITIONS

FFO1 CONSTANT L[EXITI FF22 CONSTANT L[DO1l

FFOZ CONSTANT [HALTI FFZR CONSTANT C[BRANCH]
FFO4 CONSTANT [DOVARI] . FF4E CONSTANT L[LIT1]
FFOS CONSTANT CDOCONI FFOZ CONSTANT [SYSCALL]

~

FF1Z CONETANT [OBRANCHI
FF19 CONSTANT [#DO1]
FFiA CONSTANT C[#L00FJ
FF20 CONSTANT L+L00F]
FF22 CONSTANT L[/LODFJ
LLOOF3

#&b
\ CROSS-COMFILER DICTIONARY HANDLING

DECIMAL CROSS-COMFILER DEFINITIONS

7. CONSTANT LUSER-AREA

VARIABLE BRDF QG EDF ! N7 .. BO is USER area

: BHERE (¢ => N )

EDF &

: By (N —-> 3
EHERE MICRO-ASSEMELER Z! CROSS—-COMPILER i EBDF +! H

: BLITERAL (N -> )

STATE @
IF CLITI E, B, THEN H
¢t DELITERAL ( N - )
STATE @
IF SWap fLITI B, R, [LIT]1 B, B, THEN ;

;

#57

N CREATE FOR CROSS-COMFILER

HEZX CROSS-COMFILLER DEFINITIONS

VARIAELE EBLATEST G BLATEST !

: BCREATE C =% \ Create a header on both IBEM and Board
[COMFILEY ROARD-VOC DEFINITIONS FORTH CREATE
CROSS-COMFILER ( At run time BOARD-VOC is still current )
ELATEST & R, EHERE ELATEST !

LATEST ca QG1F AND BO00O OR E.

LATEST DUF C& O1F AND Q

L0 1+ DUF C& 7F AND E, LOOoF DROF
[COMFILEDI CROSES-VOC DEFINITIONS

: ESHMUDGE ( == )

EBLATEST @ DUF MICRO-ASSEMELER Z@ 2000 X0OR
SWaF 7t CROSS-COMFILER H

DECIMAL
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#4528
\ OFCODE: +—— DEFINE A MICROCODE DEFINITION

HEX CROES-COMFILER DEFINITIONS

: OFCODE: (N ~-> ) ( LOADING: Usage 17 OFCODE: <nameX )

( Executing “name> gives address of variable with N + FFQO
MICRO-ASSEMEBLER DUF  INSTRUCTION CROSS-COMFILER
BCREATE FFOO OR DUFr , g, ( DEFAULTs to VARIAELE )}
BLATEST @ MICRO-ASSEMELER
DUF Z& 10600 Q0OR SWAFR Z¢
CROSS-COMFILER [EXITI E,

CCOMFILED MICRO-VOC

CROSS-COMFILER

DECIMAL _

C #6
% ABORT" ." FOR CROSS-COMFILER
HEX CROSS-COMFILER DEFINITIONS
VARIAELE AEORT"—ADDR VARIAELE ."~ADDR
EDARD-VOC DEFINITIONS
: ABORT" ~ ( FLAG -3 ) CROSS—COMFILER
AEORT"-ADDR @ E, 22 WORD
COUNT  DUF E, OVER +  SWAF
DO I C& B, 1 /LOOF :  IMMEDIATE
P G CROSS-COMFILER
."-ADDR @ &, 22 WORD
COUNT -~ DUF E, OVER + SWAP
DO I Ca&E, 1 /LOOF ; IMMEDIATE
CROSS-COMPILER  DEFINITIONS DECTIMAL
:
#70

N\ IF..ELEE..THEN FOR CROSS-COMEILER
HEX EOARD-VOC DEFINITIONS
: IF ( —» FATCH-ADDR 222
CROS5-COMFILER [GEBRANCHI E, BODF @ O B, 222
IMMEDIATE

: THEN . ( FATCH—-ADDR -3 222 )
CROSS-COMFILER 222 ?PAIRS
EDF @ GSWAF MICRO-ASSEMBLER 27! H
CRDES-COMFILER IMMEDIATE

: ELEE ( PATCH-ADDR1 222 -» FATCH-ADDRZ 2727

CROSS-COMFILER 222 TFAIRS CBRANCHI E, ‘BDF @ G E,
SWAF 222 EQOARD-VOC [COMFILEI THEN 222 g
IMMEDIATE

CROES-COMFILER DEFINITIONE DECIMAL

#71

\ CROSS COMFILER BEGIN AGAIN UNTIL

HEX EOARD-VOC DEFINITIONS

: BEGIN { =» JMF-ADDR 333 ) _
CROSS-COMFILER ?COMP EBDF @ RIS

)
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4 IMMEDIATE e
5 -~

— L 3IIT =)

6 : ABAIN ( JMF—ADDR 3IZT = | -
7 CROSS—COMFILER 333 7FAIRS  CBRANCHI B, B, ;
8 IMMEDIATE
9 W —— -,
10 @ UNTIL « JMF—ADDR 33T -
11 CROSS~COMFILER . FPAIRS.

G412 P IMMEDIATE

e,

ECR

#72
N CROSS COMFILER WHILE REFEAT
HEX  BOARD-VOC DEFINITIONS )
WHILE ¢ JMF-ADDR 333 -» JMF-ADDR 333 PATCH-ADDR 2724 )
(COMRILE] IF 2+ 3
IMMEDIATE

)

-~
'

U s i R e S T

: REFEAT ( JMF-ADDR 333 FATCH-ADDR 224 -> )
*R >R [(COMFILE] AGAIN
R R Z- [COMPILE] THEN

IMMEDIATE

b

x U L0

11 CROSS-COMFILER DEFINITIONS DECIMAL

SCR #77

O \ CROSE COMFILER #DO  #LOOF DO

1 HEX BOARD-VOC DEFINITIONS

2 1 #DO ( => JMP-ADDR 3IZ3IT )
= CROSS-COMFILER C#D0O1 E, EDF @ IIET i
4 IMMEDIATE

N
e — )

& o #LOOF ( JIMFP—-ADDR RN
7 * PFAIRS  [#LDOFI E, E,

7 CROSS-COMFILER
€ IMMEDIATE

.

?
16 : DO ( —» JMP-ADDR 4444 )
11 CROSS-COMFILER (D01 E, EDF @ 4444
12 IMMEDIATE
13 .
14 CROSS-COMFILER DEFINITIONS DECIMAL
13
SCR #74
O \ CROSS-COMFILER LOOF /LOOF +_00OF
1 HEX BOARD-YOC DEFINITIONS
2 ¢ LOOF ( JMF-ADDR 4444 -3> )
3 CROSS-COMFILER 4444 7PAIRS C[LOOF] E, B, H
4 IMMEDIATE
S
& : /LO0OF ( JMF—-ADDR 4444 - )
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7  CROSS-COMFILER 4444 3FAIRS  [/LOOFI B, B, 3
8 IMMEDIATE ' '

9
10« +LOO0OF ( IMF-QADDR 4444 - )
11 CROSE~COMFILER 4444 7FAIRS E+LO0OF1 R, B, H
=712 ’IMME“D_IQTE‘ S m e e ) : )

CR #75
\ CONSTANT VARIABLE UEER FOR CROSS-COMFILER

-

1 HEX CROSS~-COMFILER DEFINITIONS

2 VARIABLE DOUSE~ADDR \ MUST be set by cross—compiled code
4 VARTARLE

S BCREATE EHERE .

& [DOVARI B, O R, [COMFILE] CROSS-COMFILER DEFINITIONS i
7

(= COMNETANT ( VALUE =X )

Q BCREATE BHERE

10 [DOCONT R, B, [COMFILE] CROSS-COMFILER DEFINITIONS g
i1

12 : USER ( VALUE -3> )

1= BCREATE BHERE
- 14 DOUSE-ADDR @ E, E, C[COMFILE] CROSS-COMFILER DEFINITIONS
1S DECIMAL

A1)
]
Py

v #7&
\ BEDARD VOCABRULARY DEFINITIONE & UTILITIES
DECIMAL EOARD-VOC DEFINITIONS
S ¢ =x \ Leave board vocabulary/execution mode
BE-RES [COMRILE] CROSS-VOC DEFINITIONS
R»> R> DDROF
{COMFILE] CROSS-COMFILER

!

b i b e O

CROSS—-VOC DEFINITIONS
: BLIET [COMFPILEI BOARD-VOC YLIST [COMFILEJ CROES-VOC

11 « B [COMFILE] BOARD-VOC [COMFILEI]
12 {COMFPILEI CROEGE-VOC IMMEDIATE

SCR #77

\ ( 3 DEFINITION FOR CRDSS-COMFILER

HEX .

EOARD-VOC DEFINITIONS
( \ Reguired to allow stack comments
-1 »IN +! 29 WORD ce@ i+ HERE +
c& 29 = NIT 7STREAM L IMMEDIATE

00N DU R D

an

CROSS-VOC [EXIT] B, C[COMFILE] CROSE-VOC DEFINITIONE
BSHMUDGE SHMUDGE [COMFILEY [ j IMMEDIATE

11 CROSS-COMFILER

12 - =

DEFINITIONS DECIMAL
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SCR #78 .
O \ SEAL EOARD VOCAERULARY
HEX RO0ARD-VOC
2 © X ( X is the null used in th= BOARD vocabulary )
T FORTH DEFINITIONS
s0oco  QVER NF& ! ( Make null header out of X )

1

4

]

& LFA 0O SWAF !
7 HERE BEOQARD-FENCE !

e

9

DECIMAL

-

SCR #79
5 \ COLON DEFINITIONS FOR CROSS-COMFILER
HEX
CROSS~-COMPILER DEFINITIONS
: IMMEDIATE ( =* )
BLATEST @ MICRO-ASEEMELER
DUF Z@ 4G00 OR sSWaF 2! FORTH ; CROSS-COMFILER

HI ( Usage: 1 #“namex ) ‘
BCREATE EHERE » CCOMFILE] BOARD-VOC
SHMUDGE EBSMUDGE 1 FORTH 3
CROSS-COMFILER DECIMAL

A0 N ] R e

-
[are]

,_.
Ll 1

-
N

13

4]
O
pa)

. #20
\ REDEFINE INTERFRET FOR CROSS-COMFILER
HEX FORTH DEFINITIONS
VARIAELE CROSS-FENCE HERE CROSS-FENCE !
: CROSS-INTERFRET
EEGIN —FIND
IF STATE @ < .
OVER CROSS-FENCE @ U
IF IF @ CROSS-COMPILER E, FORTH
ELSE @ CROSS-COMFILER OF-EXECUTE FORTH THEN
ELSE ARORT" ILLEGAL COMFILAND" CFA EXECUTE THEN
10 ELSE HERE NUMBER DFL @ 1+
11 ~ IF  CROSS-COMFILER .DBLITERAL  FORTH
142 e s -2 -DROF {CROSS=COMFILER BUITERAL-FORTH: o THEN. .

CONOCUNRIM =D

SCR #81
O { MICRQ. GEH 01/053/86 12:09:3534:62 )
1 DECIMAL MICRO~ASSEMBLER DEFINITIONS
2 : MICRO-HEADER
= CR ." E A8 SC COND ADR MF DE FC DHI DLO RF DF M ALU "
4 . DEST SOURCE"™ ;
S ¢ <MICRO. X BASE €@ *R 2 BAGEE !
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H# # # # # I2 HOLD I2 HOLD # # # # 2 HOLD 32 HOLD

# # # # T2 HOLD Z2 HOLD # 32 HOLD 22 HOLD

# # 32 HOLD 32 HOLD # # I2 HOLD 32 HOLD

# # T2 HOLD Z2 HOLD # # I2 HOLD =2 HOLD # 32 HOLD ZZ2 HOLD
# T2 HOLD 22 HOLD # 322 HOLD Z2 HOLD # # I2 HOLD 32 HOLD

# # # 3I2 HOLD 2 HOLD # =2 HOLD Z2 HOLD # Z2 HOLD IZ HOLD #
# CR TYFE R:> BASE ! ;

) \ Disassembler a microcode word
MICRO-HEADRER <MICRO.> j

1% FORTH DEFINITIONE

SCR

SO0~ 0L G kYo T

n
0
2

1
4
=
1)
7
8
9

-~
R

1
1
1

I
#3232
(M
DEC
HAA

: M

FOR

. #33

ICRO. GEH 01/05/86 12:09:54:42
IMAL MICRO-ASSEMBLER DEFINITIONE

ICRO-HEADER

CR ." E A5 &C COND ADR MF DE FC DHI DLO RF DPF M ALU "
. DEST GOURCE"™ ;

“MICRO. > BASE @ *R 2 BAEE !

“H # # # # T2 HOLD ZF2 HOLD # # # # 32 HOLD I2 HGOLD

# # # # T2 HOLD Z2 HOLD # I2 HOLD =2 HOLD

# # T2 HOLD 232 HOLD # # Z2 HOLD =2 HOLD

# # T2 HOLD =2 HOLD # # 22 HOLD Z2 HOLD # 32 HOLD 32 HOLD

# Z2 HOLD 22 HOLD # Z2 HOLD 22 HOLD # # =2 HOLD Z2 HOLD

# # # T2 HOLD Z2 HOLD # 32 HOLD =2 HOLD # =2 HOLD I2 HOLD #

o CR TYFE R>» BASE ! ;

ICRO. ( DMICRO-WORD —> ) \ Disassembler a microcode word
MICRO-HEADER <MICRO.> 3

TH DEFINITIONES
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-APPENDIX A —--_ PART ‘II: MND-FORTH/
_16 MICROASSEMBLER KEQNELTSOURCE CODE

41]
]
i 0

-~
Lo
e
=

1
4
&
7
g .
..g
10
11
12
.
14
15
[
SCR #1
¢ INDEX ——— MVF-FORTH/1& MICROASSEMELER SOURCE FHIL EOOFM
i
2 MVP-FORTH VERSION LAST UFDATE: Z/14/87
4 (C) COFYRIBHT 1984, 1987
S
& Fhil Koopman, Jr & WISC Technologies, Inc.
7
2 SCREENS CONTENTS
Q@ === .
i 2 LOAD SCREEN FOR KERNEL/16 (FROM IEM)
i1 = LOAD SCREEN TO FINISH MVF-FORTH/14 DEFINITIONS

12 4 — 117 NORMAL EERMEL MICROCCDE

1T 119 — 167 ADDITIOMAL MICROCODE WORDS

14 165 -~ 271 KERNEL/1& CROSS-COMFILE SOURCE
15 236 — 260 SOURCE TO COMFPLETE MYFP-FORTH/1&

SCR #2 ¢
o \ LOAD SCREEN FOR MICROCODE & KERNEL/1& —— LOAD FROM FC
1 DECIMAL
2 CR CR ." Cross—compiling MVF-FORTH/16 mlcrncnde and kernel." CR
I ." (LY Copyright 1986, 1987 " CR
4 . Phil Koopman, Jr. & WISC Technologies, Inc. " CR CR
S 9 231 THRU »
& CR CR ." Load complete." CR CR
7 ." Flease execute BOARD and then 3 LOAD." CR
e .
9
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8CR #Z :

O\ LOAD SCREEN FOR MVF-FORTH/1& COMFLETION —— LOAD FROM CPU/16

1 DECIMAL

2 2TL 260 THRU )

Z CR CR " Remainder.of MVF-FORTH/1&6 loaded." CR

4 " (C) Copyright 1984, 1987 " CR

S ." Fhil Koopman, Jr. & WIEC Technolegies, Inc. " CR CR

& .M Please execute BYE to the FC host and do a " CR

7 ." SAVE-MICROCODE and a SAVE-BOARD-FORTH" CR CR

2

G

10

11

12

13
.14

:

SCR #4

O\ MICRICODE SOURCE - NOTES

1 CROSS-COMFILER EXIT

2 NOTES: 1. Top element of data stack is in DHI reg.

= 2. Microprogram counter is latched at the end of the

4 clock cycle, so there is a 1 cycle delay between the

S DECODE operation and the jump.

& Z. Condition codes are captured at the end of the clock

7 cycle, requiring a wait to the next cycle for a

g conditional branch

? 4., DF, RF, FC, MFC are incremented at end of cycle

10 S. DF points to Z2nd element, RF points to top element

11 6. PC points to word after current inztruction except

i2 when DECODEing a non—colon word. (not INC ed then)

1= 7. Return address on stack needs to be incremented

14 before use.

15
SCR #S

O N MICRQCODE —-—-— DOCOL(Z) (n) = # clock cycles

1 DECIMAL CROSS-COMFILER

2 ¢ OFCODE: DOCOL ¢ == ( return: =% ADDR )

= O sz ‘SOURCE=RAM ALU=A DEST=FC DECLRF] 3;: \ FCi-New FC value

4 1 :: DECODE EO0OURCE=FCSAVE DEST=RS HH

S \  FUSHLRS1<—- 0ld FC

b6 2 sz END 35353 \ NOF while jumping to next op code

7

& \ Special NOF for initialization use after downloaded DECODE

9 S 1t o33

10 & :: DECODRE 53

7 i3

END 33
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SCR #& . ) . T
O\ MICROCQDE ——— SEMIS(Z) '
1 DECIMAL
2 1 OFCODE: SEMIS ¢ =% ( return: ADDR -* )}
= Q SOURCE=RS ALU=A+1 DEST=FC INCLRF1 ;; \ PC <- FPOFLCRS]
4 1 1z DECODE 33
S 2 11 EMD 33 \ NOF while DECODE effected
& 3 3END
7
- e 8
9
10
i1
12
1=
14
15
:
SCR #7
¢\ MICROCODE -—-- HALT(2)
1 DECIMAL
2 2 OFCODE: HaALT ¢ =5 ) \ -1 is flag to IEM host
= G :: SOURCE=ALU ALU=-1 DEST=STATUS ;;
4 1 s JMP=001 33 \ Infinite loop
S §:END
&
7
e
?
1o
i1
12
1=
14
15
SCR #8
O \ MICRQCODE --— SYSCALL(6+host delay!)
1 DECIMAL
2 3 OFCODE: SYSCALL ( DATAL N -> DATAZ )
3 O 1 SOURCE=ALU ALU=E DEST=STATUS ;;:
4 1 :: BSCOURCE=DS ALU=A DEST=DHI INCLDF] ;;
S 2 :: SOURCE=ALU ALU=R JMF=010 33 \ Infinite loop
6 ~
7 \ Restart at address 4
e 4 3z HE S
9 S ::  SOURCE=ALU ALU=0 DEST=STATUS DECODE ;3
10 & 1: END ;;

2 §5END T
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N ) o
N MICRQCODE ——— DOVAR(4)
DECIMAL
4 QFCGDE: DOVAR ( =% ADDR ) \ Also performs EXIT

G :: SOURCE=RS AlLU=A+1 DEST=FC
INCLRF1  DECLDF1  3j;

1 :: SOURCE=ALU  ALU=R DEST=DE i;
"2 :: SOURCE=FCSAVE ALU=A+1 DEST=DHMI DECODE ;i

F sz END 33

1 sEND

i

#10

\ MICROCODE —--— DOCON{4)

DECIMAL

S QPCODE: DOCON ( —* VALUE ) \ Also performs EXIT
0O s SOURCE=RAM DEST=DLO HE
1 :: GSOURCE=RE AlLU=A+1 DEET=FC INCLRFI DECLCDFI 13
2 :: ES0URCE=ALYU aALU=R DEET=DS DECODE ;3
I r:  ESOURCE=DLO ALU=A DEST=DHI EMD 33

; sEND

 #11

\ HMICROCODE ——— !{&)

DECIMAL

& OFCODE: ! ( 4 ADDR - )
O s SOURCE=ALU ALU=E DEBT=FC ;3 \ FC+<-ADDR
1 z: HH :
2 12 SDURCE=DS DEST=RAM INCLDFI 33 \  RAMI-N
I o SOURCE=FCSAVE ALU=A*1 DEST=PC ;3 \ Restare FC
4 :: SOURCE=DS AlLU=A DEST=DHI INCLDF]

DECODE 33 \ Update Top of Stack

S s EMD 53

;s sEND

#12
\ MICROQCODE --— #LEAVE(Z)
DECIMAL o .
- OFCODE: #LEAVE  \ Set COUNT on return stack ?-u for #LOOF
o ::  SOURCE=ALU ALU=0 DEST=RS  DECODE i3
1 =2 END 33

;s sEND
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EUNRs BN Il

R S ST SE
B R =T

=

L

3]

%}
DN =

#13
N MICROCODE ——— YDFPIY%(Z2)
RECIMAL
& OFCODE: 7DF'% (N ==
[S RN SOURCE=ALU  ALU=E DEST=DF DECODE 33 \ DF<{-N
i 22 SEOURCE=DE ALU=A DEST=DHI INCLDFI END 51
\ update top of stack

b

; sEND
10
11
12
1=
14
15
SCR #14 o
¢\ MICROCODE ——— UDP@L(3)
1 DECIMAL
2 9 OFPCODE: “DP@Z ( =% N ) \ N returns SF after pushing BHI
2 [ DECLDFI ;3
4 1 :: SOURCE=ALU ALU=R DEST=DS DECODE ;i
S ) \ save old top of stack
& 2 2z SOURCE=DF ALU=A DEST=DHI END 3 \ DHI <- T@
- .
8 ;3:END
?

ECR #1S

G\ MICROCODE -——— ZRF!%(2)

1 DECIMAL

2 10 OFPCODE: “ZRF'%Z (N ==
= O sz SOURCE=ALU  ALU=E DEST=RF DECODE ;:; \ RF<-N
4 1 oz: SOURCE=DE  ALU=A DEST=DHI INCCDFI END 33

S \ update top of stack
& 3 3END

&
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SCR #16
O\  MICROCODE ——- %RF@%L(E)
i DECIMAL

2 11 OFCODE: %RF@Y (= N
= (W DECLDF] H
g 1 = SQURCE=ALY ALU=E DEST=DS DECODE HH
: L COURCE=RE ' \ save old top off stack
; 2 o1 SOURCE=RF LU=A DEST=DHI END 3:; \ DHIZ-RP
£ 1:;END
G
10
i1
iz
13
14
=
SCR #17
¢ N MICROCODE ——— +(2)
1 DECIMAL
g 12 OFCODE: + ( N1 N2 -» NSUM )
= QO z: DECODE 33
i 1 =z SOURCE=DRE ALU=A+E DEST=DHI INCLDFI
z ¢ {END END HE . N ADE N1 , N2
7
2
Q
10
11
1z

GCR #18 ~

G\ MICROCODE —~—— +!(7)

1 CECIMAL

2 13 OPCODE: +! ( N ADDR -% )

3 O :: SOURCE=ALU ALU=E DEST=FC ;;

4 1 == SOURCE=DS ALU=A DEST=DHI INCILDF1 33
S 2 .: SOURCE=RAM ALU=A+EB DEST=DHI 3}

& % 23 SOURCE=ALU ALU=R DEST=RAM 33

7 4 :: SOURCE=FCSAVE ALU=A+1 DEST=FC 33

2 5 :: SOURCE=DS AlLU=A DEST=DHI INCCDF] DECODE ;3
9 & =1 END 33

10 3 3END

11

12

13

14

15

i

CR #19

O\ MICROCODE ——— —(2)

1 DECIMAL

14 QrFPCODE: - ( N1 N2 -> NSUM
O DECODE 3z
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1 :: SOURCE=DS ALU=A-E DEST=DHI INCCDE]
END  1; \ SUETRACT N1-NZ
1 sEND

om0

ECR #20
0\ MICROCOQE —-—— —-ROT(S)

1 DECIMAL
2 1S OFCODE: -ROT ( N1 N2 NZ —-» NI NI N2 )

3 0 2t SOURCE=ALU ALU=E DEST=DLO DECCRF1 3:; \ DLO<-NI
4 1 :: SOURCE=DS ALU=A DEST=DHI INCLDF] ;; \ DHI<-NZ
] 2 :: - SOURCE=DS DEST=RS ] \ RS<-—-N1
6 T oe: SOURCE=DLO  DEST=DS' DECLDF] DECODE 3: \ DS <-N3I
7 4 :: SOURCE=RS DEST=DS INCLRFI END ;; \ DS<-Ni
8

2 5:END

SCR #21
¢\ MICROCODE -—— O(I)

1 DECIMAL

2 14 OFCODE: O ( == O3

S O :: DECLCDFI 33

4 1 :: SOURCE=ALU ALU=E DEEST=DS DECODE 53
a 2 :: ALU=0 DEST=DHI END :;

& 3 3END

7

e

9
10
il
12
13
14
15

;
SCR #2232

G N MICROCODE ——— 0<(3)

1 DECIMAL

2 17 OPCODE: < ( N —» FLAG )

= Q oz ALU=E 5

4 1 z: DECODE JMF=018 13

& (=0 ) 2 11 ALU=0 DEET=DHI END 33
7 C =0 ) I 1z ALU=-1 DEST=DHI END 53
8 3:END
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(;‘
10 )
11
12
I
14
1%
SCR #2Z
0 \ MICROCQDE ——-— 0=(4)
1 DECIMAL
- 1@ OFCODE: o= ( A —& FLAG )
= O oz AlLU=notB i3 \ Test far =0
4 1 =1 ALU=notE i3 \ Test for =0
S 2 s JHF=10E DECODE CEN
? R 4 :: ALU=0 DEST=DHI END 13
g (= 5 :: ALU=—1 DEST=DHI END 33
?

Ty

ECR #2

O\ MICROCODE ~—— GBRANCH(S/6)

1 DECIMAL

2 19 OFCODE: OBRANCH ( FLAG —-> )

= Q 53 ALU=notE ;3 :

4 1 =: “ALU=neotE §: \ see if FLAG = O

S 2 5z SOURCE=RAM DEST=DLO \ Read branch addr into DLO
& INCIRCT JMP=10E (4 —* NOT= & -&% = ) i3

7 .

& ( FLAGK=G ) 4 =: DECODE JHMF=111 HH

9

10 ¢ FLAG=O ) S oa: SOURCE=DLO ALU=A DEST=FC ;:

12 L s DECODE 353
1= 7 sz SOURCE=DE ALU=a DEST=DHI INCIDF]I \ update DHI

- 14 END 3
S 3 3END

ECR #25

]

¢\ MICROCODE —--—— 1+(2}
1 DECIMAL
2 20 OFCODE: 1+ ( N =% N+1 )
= G :: SOURCE=ALU ALU=E DEST=DLQ DECODE ;;
4 1 :1: SOURCE=DLO ALU=A+1 DEST=DHI END :;:
S 3 :END
&
9
1o
11
12
1=
14



SCR

O
i
4
S
&
7
=]
9
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#26 .
\ HMICROCODE ——— 1-(2)
DECIMAL (N oo Ned )
21 OFCODE: 1- -k N= -
' O :: SOURCE=ALU ALU=ER DEST=DLO DECODE B
i :: SOURCE=DLO ALU=A-1 DEST=DHI END ]
3 sEND .

S
-

12

0n
J
pal

LR C IS

SRR RN I R N

]

. 27
\  MICROCODE ——— 2%(2)
DECIMAL
22 OFCODE: 2% (N =3 2%N )
“ i: SOURCE=ALU  ALU=E DEST=DLO DECODE ;4
! :: GSOURCE=DLO ALU=A+A DEST=DHI END ;;
; sEND
. #29

N MICROCODE —-~— 2/(4/5/7)
DECIMAL
2% OFCUODE: 2/ ( N = N/2 )
O : -SOURCE=ALL ALU=E DEST=DLO ;;

1 = SLIDHII alu=g JMF=018 3
( positive ¥ 2 :: . SRILDLOZ DECODE JmMFr=111 i3

( negative ) T :: GSOURCE=DLO ALU=Aa+1 DEST=DHI‘JMP=10E i3
( <»=1 3 4 :1: SOURCE=ALU ALU=E DEST=DLO JMF: .10 HH
& 1: ALU=—-1 DEST=DHI JHMF=010 ;i

¢ ==1) S :: SOURCE=ALU ALU=0 DEST=DLO JMF=111 DECODE
7 :: SOURCE=DLO ALU=A DEST=DHI END ;;
: 1END
. #DG

N MICROCODE ——— <(4/5)

DECIMAL

24 OFCODE: < ( A B —» FLAG )
O =3 SOURCE=DS ALU=AxorR HH \ Test for different signs
1 oz: SOURCE=DE ALU=A-E JMF=018  ;;

*

H
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= B
& ( Same sign inputs ). b
7 2 e DECOLCE INCLDFI  JMF=108 ;:
g ( =) 4 1 ALU=0 DEST=DHI END 33
9 £ ) S 13 AlLU=-1 DEST=DHI END 33
10

11 ¢ Different sign inputs —— < if A is negative )
12 3 :: SOURCE=DS - ALU=A . JMF=G10 .33 R

14 '} $END

SCR #Z0

N\ MICROCODE ——— <#D0x(4)

-~
ba

1 DECIMAL
2 25 OFRCODE: «<#D0> ( N —=* )
= Oose SOURCE=ALU ALU=R DEST=DLO DECCRF1] HE]
4 i s SQURCE=DLO AlLU=A—-1 DEST=DHI 1;
] 2 SOURCE=ALY ALU=E DEST=RS DECODE ;; \ RS <= N
& 3oz SOURCE=DS ALU=A DEST=DHI INCLDF] END ;;
7 \ Update DHI
g ;:END
C’)
10
11
12
1=
14
18
i
ECR #7231
0 N MICROCODE ——— <#LO0OF:(&/7) ——— COUNT-DOWN LOOF N—-1...0
1 DECIMAL N\ Terminate loop when count crozses to -1
2 2& OFCODRE: <#LOOF> { ==
= 0 :: SOURCE=ALU ALU=R DEST=DLO HE \ Stash top of stack
4 i 1z SQURCE=RE ALU=A-1 HH \ Decremsnt counter
S 2tz SOURCE=RS ALU=A-1 DEST=DHI INCLMFCI 3:
& A SOURCE=RAM DEST=RE INCLFCI \ grab branch addr
7 JMF=00E ( § -» end loop, else 4§ ) HE
e
9
10
11
12
1=
14
15
SCR #3222
G N\ MICROCODE -——-— <#LOOF: -2
1 DECIMAL
2 27 CURRENT-PAGE !
I ( countd>=1 Yy O 2 SOURCE=RE aAlLU=A DEET=FC JMF=111 ;i
4 .\ Branch FC /7 JMF TO 7
) 7 :: SOURCE=ALU ALU=R DEST=RE DECODE JMF=010 33
4.
7 ( count=-1 )} 1 :: DECODE INCLRF1] i35 \ exit loop
e
Q 2 :: SDURCE=DLO ALU=A DEST=DHI END i5 \ Restore t.o.s.

[orauy—ry
LD
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SCR #33 :
O\ MICROCODE ——— <$=:(AFFROX 14%N)
1 DECIMAL N Mateh text portions of a string
= <8 OFCODE: «$=> ( AD1 AD2 CNT - MATCH=FLAG )

Z N Increments ADL ADZ, Decrements CNT until = 0 or no match
4 G 1 ALU=notE ;: \ Test counter=0
S 1 ::  ALU=notk ;; N\ Test counter=0
& 2 11 EOURCE=ALU ALU=E DEST=DLO JMF=10E HH
7 N\ Done -- exit
e 3 1: ALU=-1 DEST=DHI INCLDF3] DECODE ;3
? & :: INCLDFI END 33
10 \ Hon-zero count —— compare a cell
11 4 :: SOURCE=DS AlLU=A DEST=FC JMP=011 ;3
12 % t:  CSOURCE=DE AlLU=A+1 DEST=DHI INCCHMFCI JMP=111 g3
1= 7 :: SOURCE=ALL ALU=E DEST=DS INCEDRPI  JIMP=000 3
14
TS
i
SCR #3234

G N HMICROCODE ——— «$=3> -— 2

1 DECIMAL \ Match text portions of a string
2 29 CURRENT-FAGE !
= O @3 SOURCE=RAM ALU=A DEST=DHI HF]
4 1 :: EGOURCE=DE ALU=A DEST=FC HH
S 2 11 SOURCE=RAM ALU=AxnorEk HE
& I ::  BOURCE=RAM ALU=AxnarE INCIMFCI 3
7 4 :: SOURCE=FCSAVE ALU=4A DEST=pFC JMP=00E 5,
fo
4
10
11
12
1=
14
15

ECR #3S

D\ MICROCODE ——— <g=3 -— 3

Q

1 DECIMAL N Match text portions of a string

2 30 CURRENT-FAGE !

3 \ No match -- terminate search

4 0O :: SOURCE=FCSAVE ALU=A+1 DEST=FC JHP=110  ;;
S & 1: ALU=0G DEST=DHI INCLDF] DECODE ;;

& 7 t: END 33 A

7

€ \ String characters match —-— repeat

4 SOURCE=DS ALU=A+1 DEST=DHI HE]

1 ::
10 2 s

SQURCE=ALU ALU=E DEST=DS DECLCDF] DECODE
SOURCE=DLO QLU=A—1A DEST=DHI END :;

'y
LYY

SCR #3646
0 \ MICROCODE ——— <+LO0F:(&/7)
1 DECIMAL \ IMFLICIT LOOF RANGE SFAN OF 8000 Hex
2 32 DFCODE: <+LOCOF:>  ( N =3 ) ( RS: LIMIT COUNT =» ... }

LR

(SR ALU=E DEST=DHI HH \ Test sign of N
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4 17:: SOURCE=RE ALU=A+E DEST=DHI
S INCLRF] JMF=108 ;3 \ Add N to counter
&
7 (+ N 4 11 SOURCE=RS ALU=A-B-1
a INCIMFC3 JMF=111 33 \ Test count
? 7 :: SOURCE=RAM DEET=DLO INCLCFC1 JMP=0QQS 13
10
11 ( = N ) S :: SOURCE=RE ALU=A-E-1
12 INCLHFC] 13 \ Test count
1= & z: SOURCE=RAM DEST=DLO INCCFCI JMF=01E 33
14
15

-

SCR #37
\ MICROCODE ——— <+LO0OF: —— 2

1 DECIMAL

2 3% CURRENT-FPAGE !

I (W LOOFP ) O :1: SQURCE=DLO ALU=A DEST=FC DECLRFI JMF=101 i;
4 ( +p DOMNE 3 1 :1: INCICRFI DECODE JHF=110 353

& ( —N DONE 3 2 1 INCLRFI DECODE JiF=110 33

7 ( -N LDOF 3 Z :: SOURCE=DLC ALU=A DEST=FC ECLRFI  JMF=101 ;3
e

? ¢ LOar )

10 S :: CSOURCE=ALU ALU=E DEST=RE DECODE H

11 ( FINISH UF )
iz & :: SOURCE=DS ALU=A DEST=DHI INCLDFI END
1T 13;END

an
an

14

13

CR #38

G\ MICROCQDE ~-- </LO0OF:(7/8)

1 DECIMAL

2 Z4 OFCODE: </L00OF: (N =% ( RE8: LIMIT COUNT -3 ... )

= O =2z SOURCE=RS AlLU=A+R DEST=DHI INCLRFI1 ;; N Count+N
4 1 :: SOURCE=RS ALU=A . 3

S 2 1z SOURCE=ALU  ALU=E JMF=108 3; \ JMF on limit sign
é

7 ( 4+ LIMIT ) 4 :: GSOURCE=RE ALU=A-B-1

8 INCIMFCI JMF=111 i \ Test count
Q@ ( - LIMIT ) 8 :: GSOURCE=RS ALU=A-B—1 INCIMFC] JMF=118 ;g
16 ¢ — LIMIT ) - \ JMFP on count sign

11 ( + COUNT ) 6 :: SOURCE=RAM ALU=A DEST=FC DECLRF]J
IECTN . L IMR=1000 S5 o N o
i3 ] SOURE '

GCR #3I9

\  MICROCODE ——— </LDOF: - 2

O

1 DECIMAL

2 35 CURRENT-FAGE !

T LOOF )

4 O :: EO0URCE=DLO ALU=A DEST=FC DECLRFI JMF=100 13
& :: SOURCE=ALU ALU=E DEST=RS DECODE ::

é S :: GSOURCE=DS ALU=A DEST=DHI  INCLDF1 END ::

S ( EXIT LOOF )
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10 1 :: SOURCE=DS ALU=A DEST=DHI INCCDF]1 INCLCRFI DECODE
11 2 :: END ;33
1Z
13 ;;END
14
15
;
GCR #40
¢ \ MICROCODE -———. <<ABORT">>(2/5)
1 DECIMAL
2 3& OFCODE: <<ABORT" > ( FLAG —-» )
= O s ALU=notE i3 .
4 1 :: ALU=notkE JMP=111 33
S 7 :: JMF=01E 33;
&
7 ( FLAG=0 ) = :: GOURCE=RS Al U=A+1 DEST=FC ;i
e 4 1 33
? S :1: SOURCE=RAM ALU=A+B+1 DEST=FC INCIRF1I JMFP=010 g
10 ’
11 ( FLAG>O ) .
12 2 :: SOURCE=DE ALU=A DEST=DHI DECODE ;3
13 & : INCEDRPI ERND 33
14 ;:;END
13
SCR #41
¢\ MICROCODE —-—- <<MOVEX>»(12%N+6)
1 DECIMAL
2 7 OFCODE: «<MOVEX> ( SRCADDR DESTADDR N —> )
= O :: SOURCE=ALU ALU=B DEST=DLO INCLCDF1 DECCRF1 ;;
4 1 :: 8OURCE=DLO ALU=A-1 33 \ Decrement counter
E \ Re-entry point for repeating the opcode
2y 2 :: GSOURCE=DLO ALU=A-1 DEST=DHI ;;
7 Z :: SOURCE=ALU AlLU=E DEST=DL0O JMF=10E ;3
=]
G N\ Word done —— exit
10 S :: INCILDF3I INCLRF] DECODE ;33;
i1 b6 s END
12 ard. e
i 4.
1
1S,
SECR #42
O\ MICROCODE ——— <<MOVEX> - 2
1 DECIMAL.
2 38 CURRENT-FAGE !
= ¢ o1 SOURCE=ALU ALU=E DEST=DS DECLDF1 ;;
4 1 :: SDURCE=RAM DEST=RS 3;
S \ Save at destination address
. & 2 1: GODURCE=DS ALU=A DEST=FC ;;
7 F 2: SOQURCE=DS ALU=A~1 DEST=DHI ::
8 4 :: SOURCE=RS DEST=RAM ;; ‘
? \ Re—execute this same microcode word
10 S 1: SQURCE=FCSAVE ALU=A DEST=FC ;;
11 & :: SOURCE=ALU ALU=E DEST=DS INCCDF] DECODE 3
12 7 :: SOURCE=DLDO ALU=A-1 JME=010 <END> ;; '
1z 3

- 14 3:;END

1=

s

an
-an

ran



~

n
&
Ze 0

O M NS 0B L] R e D

NS B N I S IS B O

-
Do

-~
'

DO O B o |

4,980,821
91 92

¢ #4I

Y MICROCODE ——— <MOVEX> (12%N+&)

DECIMAL

X9 OFCODE: <MOVEX ( SRCADDR DESTADDR N = )
0 :: SOURCE=ALU ALU=B DEST=DLO INCLDF] DECCRFI ;:
1 :: CSOURCE=DLO ALU=A-1 ;; \ Decrement counter

N Re-entry point for repeating the opcode

1:  SOURCE=DLO ALU=A-1 DEST=DHI :;

1 SOURCE=ALU ALU=E DEST=DLO JHF=10E 3

£ kY

\ Word done —— exit
S :: INWNCLDFI INCLRF] DECODE ;3
& :: GOURCE=DS AlLU=A DEST=DHI INCLDF1 END ;3
\ Word neot done —— get source ward
4 :: GSOURCE=DE ALU=A DEST=FC JMF=111 INCIMFC1 53
7 SOURCE=DE ALU=A+1 DEST=DHI JMF=00Q ;;

. #44

N MICROCODE ——— <MOVE:> - 2
DECIMAL
40 CURRENT-FAGE !
O :: SOURCE=ALU ALU=E DEST=DS DECCDFI 33
1 :: GSOURCE=RAM DEST=RS ;:
\ Save at destination address
SOURCE=DS ALU=A DEST=FC HH
SOURCE=DE ALU=A+1 DEST=DHI ;;
: SOURCE=RE DEST=RAM ;3
—execute this same microcode word
SOURCE=FCSAVE ALU=A DEST=FC ::
: SDURCE=ALU ALU=E DEST=DS INCLDF] DECODE ;3;
SDURDE=DL04.ALU=A11>:j;L“JMPEQ1OL{END? 13 o

'

~
P
UM pidR)

. %45

\  MICROCODE --- <D0 (4)

DECIMAL

41 OFCODE: <DO> (¢ LIMIT START —» )

(S DECLRFM] HE]

1 =z SOURCE=DS DEST=RE DECCRFI INCLDF1 33
2 1 SOURCE=ALLL  ALU=R DEST=RSE DECODE ;3
I oex COURCE=DS ALU=A DEST=DHI INCLDF1 END ;:3:
s 1END
H
#4&
\  MICROZADE ——— <ENCLAX
DECIMAL \ SCaAN TO FIRST NOM-DELIMITER .
42 QFCODE: «<ENCLAX ( ADDR CHAR -> ADDR OFFSET ADDR+OFFCGET
N RETURN STACE. ( —=» CHAR )
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4 \ DS ha= offset
5 G :: SOURCE=DS ALU=A DEST=FC DECLRF] DECLDFI ::
& 1 :: SOURCE=ALU ALU=E DEST=RS INCLMFCI 5 ’
7 2 :: SOURCE=ALU ALU=0 DEST=DS .
o JMP=000 i3
9
iG
11
12
13
14
SCR #47
O \ MICROCODE —-— <ENCLAY —— =
1 DECIMAL  \ SCAN TO FIRST NON-DEL IMITER
2 43 CURRENT-FAGE !
2N Loop while current char = delimiter
4 O :: SOURCE=RAM ALU=A DEST=DHI  i:;
5 1 :: SOURCE=RS ALU=AxnorE INCLFCI :;
& 2 :: SOURCE=RS ALU=AxnorE “ij o
g T t: SOURCE=DS  ALU=A+1 DEST=DHI JMF=10E ;;
1? ¢ = delimiter ) 5 :: SOURCE=ALU ALU=E DEST=DS  JMF=000 ;:
7 33

1

,.ﬁzi}d llmlter ) 4 :: qDURCE~PCcAVE ALU A+1 DEST-FC JMF 11“ HH

SCR #48
¢ N MICROCODE ——— <ENCLEX
1 DECIMAL \ SCAN TO NEXT DELIMITER
2 44 OFCODE: <ENCLE> ( ADDRN1 -> ADDRNZ2 ) ( Return: CHAR -~> )
3 N Re-entry point for looping the word
4 O :: GSOURCE=ALU ALU=R DEST=FC ;;
3 1 :: GSOURCE=ALU ALU=R DEST=DLC ;:
& 2 :: SOURCE=RAM AlLU=notA ;3
7 I 1:  SOURCE=RAM ALU=notA DEST=DHI ;3
8 4 :: GSOURCE=RS ALU=Ax0orER INCCHMFC3 JHP=11E 33
9
10 \ 250 —-— Test for <> DELIM
11 & 1 SOURCE=RS ALU=AxorR JHMF=000 ;3
1z =0 —— Set up to exit
13 7 :: SOURCE=FCEAVE ALU=A+1 DEST=FC JMF=101 ;;
.14
5
:
ECR #49
G \  HMICROCODE ——-— <ENCLEX> =—— 2

DECIMAL
45 CURRENT-FAGE !
¢ 230 3 0 1z EQURCE=PCSAVE ALU=A DEST=FC JMFP=01E ::

ELIM -— Exit from <ENCLE>

SOURCE=FCSAVE AlLU=A+1 DEST=FC JMF=101 HH
SOURCE=DLO ALU=A L[DEST=DHI INCCRF1 DECQODE ;3
HH END z3

N

R vr RN TN () QR O o I
&lﬂblh
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95 9%

e e FRie mi instruction
R0 4w M -— Recycle this microins —001 DE
1 ngu.;'DESﬁRCE=DLD ALU=6+1 DEST=DHI JMFP=001 DECDODE
1

t: END 33

an
>11

ECR #350 _ .
¢\ MICROCODE ——— <LOOF>(7)

! DECIMAL ( RS: LIMIT COUNT =% ... )

-,

2 . OFCODE: <LO0OF>» ( —> ) I
: 4 SF?- SOURCE=ALU ALU=E DEST=$L8HI,, \ Stash DHI
el ) s S, - DEST=
. b SOUREE=RS ALY A;éCERP] HE \ Increment counter
7 ! =R = -—B-’—l"
2 2 SHURERSRS A%gC?MPCJ HH \ Test for done
7

oz JMF=00S 33 .
5 - \ Done when LIMIT>=COUNT

ECR #5]
O N MICROCODE ——- ZLOOF: -— 2

1 DECIMAL

2 47 CURRENT~FAGE !

2 { Loep Y O :1: SOURCE=RAM ALU=A DEST=FC DECLRFI JMF=100 HA
4 4 r: SOURCE=ALU ALU=E DEST=RS DECODE ;;

) S SOURCE=DLO  ALU=4 PEST=DHI END H

A

7 ( Done )= 1 HH INCLPC] INCLRF] HE

e 2z SOURCE=DLO ALU=nA DEST=DHI DECODE HEH

s 3 1: END HH

e
~
Le

11 ;:END

CR #52

O N MICROCODE —— “PICK>(S5) \ Does all of FICKE exc. errar chect:
1 DECIHAL

2 48 OFCODE: LRICK > { «.8TACK.. @ =¥ J.ETACK.. E )

3 O :: SDURCE=DF DEST=DLO DECCDF] - - \ Save DF value

4 1 :: SOURCE=DF ALU=A+F DREET=DHI i

5 £ f: SOURCE=ALU ALU=E DEST=pF s

& 2 11 ESOURCE=DS ALU=A  DEST=nHI DECODE HH
7 4 :: SOURCE=DLO DEST=DF END HH

? §3END

1G

11

12

1=

14

13
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SCR #5532
O N HMICROCODE ——— <ROLL> (S+SXN)
1 DECIMAL \ Does all of ROLL exc. error check
2 49 OFCODE: <ROLL» ( ..STACK.. COUNT -»* ..STACK.. E )
3 0 :: "SOURCE=ALU ALU=R DEST=DLO
4 . DECLDF1 DECLRF] ;; \ Save Count
S 1 :: SOURCE=DF ALU=A+R DEST=DHI HH
& 2 1 SOURCE=ALU ALU=E DEST=DF INCIMFCY  ::
7 T :1: SOURCE=DS DEST=RES DECLRF1 JMP=000 33 \ Save E
=]
(.?
10
SCR #324
¢ \ MICROCODE -—--— <ROLLY» —= 2
i DECIMAL
2 50 CURRENT-FAGE !
= G :: SOURCE=DLO ALU=A-1 DEST=DHMI ;:;
4 1 :: EOURCE=ALU ALU=E ;;
S 2 :: SOURCE=ALU ALU=E DEST=DLD DECLDFI ;;
& I 1 SOURCE=DS DEST=RS INCLCDF3J JMFP=10E 33
7
B ( Not done )} 4 :: SOURCE=RS DEST=DS DECLDF] JMF=000 33
Q
10 ( Done ) 9 sz INCLDF] INCIRFZ DECODE 33
it & 1 SOURCE=RE ALU=A DEST=DHI INCILDFI INCLRE] END 3&
12
13 :;:END
.14
19
1
SCR #55
¢ N HMICRDCODE ——— ={(4)
1 DECIMAL
£ 51 OPCODE: = ( A B ->* FLABG )
= (R SOURCE=DE ALU=AxnorR ;; Test faor =
4 1 :: EOURCE=DS ALU=AxnorE ;i; Test for =
S 2 1z INCCDRI] JHMF=10E DECO HA
&
7 4x 4 13 ALU=0O DEST=DHI END 3
g8 (= ) S :: ALU=-1 DEST=DHI END 33
C;
10 ;3END
11
12
13
14
1= -
SCR #55%
G N MICROCODE ——— >R(3)
1 DECIMAL
2 52 QFCODE: *R (N —-> ) ( return: -> N )
= [ DECLRF1 HE]
4 1 :: SOURCE=ALU ALY=R DEST=RS DECODE ;3 \ RS <~ N
S 2 1: SOURCE=DS ALU=A DEST=DHI INCLCDF] END i3
é h \ Update DHI
7 $3END
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SCR #3537

0 N MICROCORE ——— 7DUR{4)
1 DECIMAL
2 5% OFCODE:  7DUR (A ->0748HA08)
= Qo ALU=naotk ;3 \ Test for =0
4 1 =22 ALU=notE 353; \ Test for =0
) 2 DECCDF1] JMF=10E DECODE ;3
&
7 =SF0 ) 4 :: SOURCE=ALY AlLU=E DEST=DS END 33:
g ( =0 S :: IMCLCDFI = END ;3
9\

10 3 3END

i1

12

1=

14
15
;

ECR #5858

O N HICROCODE ——— @(&)

1 DECIMAL

2 54 OFCODE: @ ( ADDR - N )

= O 33 SOURCE=ALU ALU=E DEST=FC 1i;: \  FC+-ADDR
4 1 =2 HH

S 2z SOURCE=RAM DEST=DLO ;3 \ DLO<-RAM
& I oss SOURCE=FCSAVE ALU=A+1 DEST=FC ;; \ Restore FC
7 4 1z SOURCE=DLO ALU=A DEST=DHI DECODE  3;

2 S 3 END 33 \ Wait for DECODE
9

10 :;;END

i1

i2

13

14

i5

SCR #39

0\ MICROCODE -—-—- ABS(3)

1 DECIMAL

2 S5 OFCODE: QRS ( NI -» N2

= O ALU=E ;3; \ Test for Sign

4 1 sz SOURCE=ALU ALU=0  DEST=DLO  JMF=01S DECODE ;3
S

6 ( »=0) 2 z: END ;; h

7 (0 ) % :: SOURCE=DLO ALU=A-E DEST=DHI END 33
e .

% ;:END

[O ’
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NZ

101 102
8CR #&0
¢ \ MICROCODE -—— ADC(&)
1 DECIMAL
Z Sé& OFPCODBE: ADC ( N1 N2 CYIN - NEUM CYOUT )
3 (S AlLU=notR HEH \  test if CYIN=O
4 1 2@ ALU=notEk HH
3 2 5z SOURCE=DE ALU=A DEST=DHI INCLCDF] JdMF=10E  ;;
& \ DHI «-
7 C CYIM=:Q0 ) 4 1z SOURCE=DE ALU=A+E+1 DEST=DHI JMF=011 ;
8 ( CYIN=Q ) S o SOURCE=DS ALU=A+E DEST=DHI JMF=011 ;
‘?
10 3 :: ESOURCE=ALU ALU=R DEST=DS JMP=11CA DECODE ;g
11
12 ( CouT=-a 3 & 52 ALU=-1 DEST=DHI END 33
17 ¢ COuT=4 3 7 3 ALU=O DEST=DHI END 33
<14

SCR #&1
¢ N MICROCODE ——— AND(Z)

1 DECIMAL
2 §7 OFCODE: AND ( NI N2 -> NZ)
= QO 3= DECODE ;3;
4 1 2: SOURCE=DES AlLU=AandE DEST=DHI INCLDFI
S END 33 N\ DHI = N1 %ANDXx N2
&
7
8 ::END
5
10
11
12
14
13
SCR #&2
@ \ MICRDCODE ——— ASR(4)
1 DECIMAL
2 58 OFCODE: ASR  ( NI —-> N2 )
= O 2= SQURCE=ALU ALU=R DEST=DLQO ;;
4 1 =22 SLLDHIJ 33 .
S 2z SRCLDLO1 DECODE ;3
& I ore SOURCE=DLO ALU=A DEST=DHI END 58
7 N
e

ECR #&3

e\ MICROCODE —-— BRANCH(4)

1 DECIMAL

2 39 0OFCODE: BRANCH ( FLAG —-* )

= O s g

4 1 3z SOURCE=RAM ALU=A DEET=FC ;;
S 2 :: DECODE ;3

& Zos EMND 33

7 3:END



4,980,821

103 104
39
10
1t
12
1=
i4
15
;
SOR #4544
¢\ MICROCODE ——— BYTESWAF(F)
1 DECIMAL
2 &0 OFCODE: EBYTESWAF N1 =% N2
= (SR SOURCE=ALU ALU=E DEST=DLO 33 \ s=2t up for shift
4 1 =2 SLLDHII SLIDLO1 33 \ shift 2 bits to swap bytes
S 2 1 SLLCDHIY SLIDLOY 33
& R SLLDHIJ SLEDLOT ;g
7 4 :: SLIDHII SLIDLOY ;;
2 S o SLLDHII SLODLOY 33
? & i SLCDHII SLLDLOY INCLHMFPCI 3
10 7 sz SLICDHIJ ESLCDLOI DECODE JHMP=00G0 53
11
12
1=
i4
15
ECR #&5
¢ \ MICROCODE ——- BYTESWAF - 2
i DECIMAL
2 &1 CURRENT-FAGE !
= G ez SLLDHIJ SLLDLOl END ;3
4
S :;:;END .
)
7
g
9

SCR #&6 -

O \ MICROCODE —-—— D! (%)

1 DECIMAL \ Lo half in ADDR+1, Hi half in ADDR

2 &2 OFCODE: D! ( N ADDR -> )

= Q oz SOURCE=ALU ALU=R DEST=FC - \ FC<-ADDR
4 1 = bR

o 2 1 SOURCE=DE DEST=RAM INCILDFJ] HH \ HI HALF
1) I s INCIFCT 53

7 4 :: INCIMFCT 313

e S s SOURCE=LS DEST=RAM INCILDF1 JMF=000 33 \ LO HALF
<

10

i1
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105 106

1=

14

15

SCR #&7

o \ MICROCODE ——— D! - 2

1 DECIMAL

Z &3 CURRENT-FAGE !

= G o SOURCE=FCSAVE  ALU=A+1 DEST=FC :: \ Restore FC
4 1 33 SOURCE=DS ALU=A DEST=DHI INCLDF1

S DECODE 33 \ Update Top of Stack
=) 2 sz END 33

7

8 :;:;END

4

10

11
12
1=
14
15

SCR #&8

¢ \ MICROCODE ——= D+(7)

1 DECIMAL )

2 64 OFCODE: D+ (¢ DI D2 - DI )

z Q z: SOURCE=ALLU ALU=R DEST=DLO s \ DLO <- D2Zhi

4 1 z: SOURCE=DS ALU=A DEST=DHI INCIDPJ ;3 \ DHI <-DZ1lo
S 2 sz INCEDPY 33

1) I ez SOURCE=DS ALU=A+E DEST=DHI HH

7 4 :: . SOURCE=ALU ALU=R DEST=DS DECLDF1

e JMF=11CA ;3 \ Carry?
9
10 ( CY=1 ) & =: SOURCE=DLO ALU=A+1 DEST=DHI DECODE JMF=101 33j
i1 ( Cy=0 ) 7 :: GSOURCE=DLO ALU=A DEST=DHI DECODE JMF=101 ;3

12 5 :: GSOURCE=DS aALU=A+E DEST=DHI INCIDFI END 33

15 53;END

SCR #&9 -
O \ MICROCODE ——— DE&(E)
{ DECIMAL \ Hi half in ADDR, Lo half in ADDR+i1
2 &5 OFCODE: D@ ( AbDR -> D ) .
3 G oz SOURCE=ALU ALU=R DEST=FC DECLDFI1 33 \ FC<-ADDR
4 1 =2 HE
S 2 s SOURCE=RAM DEST=DLO INCLFCI i3 \ Hi half
=) I o HH
7 4 :: SOURCE=RAM DEST=DES HH \ Lo half
8 S s SOURCE=FCSAVE ALU=A+1 DEST=FC 3% \ Restore FC
G &6 1 SOURCE=DLD ALU=A DEST=DHI DECDDE 33
10 7 s END HE \ Wait for DECODE
11
12 33;END
14

[N
&1}
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#70
\ MICROCODE —--- DDROF(2)
DECIMAL
6& OFCODE: DDROF (D =3 )

0 ::  INCLDFI DECODE  :;

1 :: SOURCE=DS ALU=A DEST=DHI INCLDFI  END
#71
\ MICROCODE —-—— DDUF(3)
DECIMAL

&7 OFCODE: DDUF ( D1 - D1 D1 )
:: SODURCE=DS DEST=DLO DECIDFI 33

SOURCE=DLO DEST=DS .FND i3

::END -

#72 .
\ MICROCODE —-—- DNEGATE(6)
DECIMAL
42 OFCODE: DNEGATE ( D1 —> =D1 )
O :: SOURCE=ALU ALU=notE DEST=DLO ;
SOURCE=DS ALU=notA  DEST=DHI ;;

1 z2:
2 :: SOURCE=ALU ALU=ER DEST=DE ;:;
3 :: SOURCE=DS ALU=A+1 DEET=DHI ]
4 :: SOURCE=ALU ALU=E DEST=DS JMF=11CA
( CY=1 ) & :: ESOURCE=DLO ALU=A+1 DEST=DHI END
( CY=0 ) 7 :: SOURCE=DLO ALU=A DEST=DHI END
;1 sEND
: #7732
\ MICROCODE ——— DROF(Z)
DECIMAL
&7 OFCODE: DROF ( N —-> )

G oo DECODE 33
1 =z SOURCE=DS ALU=A DEET=DHI INCLDF1 END
\ Update top of stack

s}
i1 :: SOURCE=ALU ALU=E DEST=DS DECIDF1 DECODE

DECODE

P
I
.w
X

.
LI

-
8
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109 110
3 sEND
#74
\ MICROCODE --- DSWAF(8)
DECIMAL

70 OFCODE: DSWAFP ( D1 D2 -> D2 D1 )

O :: SOURCE=DS DEST=DLO INCCDP1 DECLRPI  ::

1 :: SOURCE=DS DEST=RS INCCDF1 DECILRFI ;3
2 :: SOURCE=DS DEST=RS i3
T :: SOURCE=DLO DEST=DS ~ DECLDF1 ;;
4 ::. SOURCE=RES DEST=DLO INCLRFI 33
5 :: GSOURCE=ALU ALU=E DEST=DS DECLDP] s
6 11 SOURCE=DLO DEST=DS DECODE ;3
7 :: SOURCE=RE  ALU=A DEST=DHI INCLRF1] END 13

s sEND

#75

\ HMICROCODE --- DUF(Z)

DECIMAL .

71 OFCODE: DUP ( N - N N
¢ :: DECLDF]1 DECODE :: -
i :: SOURCE=ALU ALU=R DEST=DS END ;3; \ Copy DHI to DS

;1 sEND

A
R #76
\ MICROCODE —-- FILL{4%N+9}
DECIMAL
> 72 OFCODE: FILL ( ADDR COUNT VALUE -3> )

O :: SDURCE=DE DEST=DLO INCIDF] 33 \ DLO <- COUNT
1 :: ESOURCE=DS AlLU=A DEST=FC :: \ FC <- ADDR
2 :: SOURCE=ALY ALU=R DEST=DS INCILMPCI ;; \ DS <~ VALUE
T :: SOURCE=DLO ALU=A-1 JMP=110 ;;
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111 112
13
14
18
SCR #77
© \ MICROCODE -—— FILL - 2
1 DECIMAL
2 73 CURRENT-FAGE !
3 O :: SOURCE=DS DEST=RAM JMP=101 53
4 5 :: SDURCE=DLO ALU=A~-1 INCLFCI 33
S & 13 SOURCE=DLO ALU=A-1 DEST=DHI HE
6 7 :: GSOURCE=ALU ALU=E DEST=DLO JMP=00E ;3;
7
8 1 :: " SOURCE=FCSAVE ALU=A+1 DEST=FC 33
? 2 :: INCCDF1 DECODE HH
10 T :: SOURCE=DE ALU=A DEST=DHI INCEDF1 END 3
11
2 33END
1z
14
S
SCR #7¢ -
G N\ MICROCODE —--— I(3)
1 DECIMAL '
2 74 OFCODE: 1 ( => N
z 0ot DECILDFI  3; .
4 1 z: SQURCE=ALL  ALU=E DEST=DS DECODE 33
S 2z SOURCE=RS ALU=A DEST=DHI END 33
& s3END
7
8
9
1G
11
i2
1=
14
18
ECR #79

¢\ MICROCORE ——— I'(3)

i DECIMAL N\ NOTE: I’ is also useful within #DO #LOOF alias for #J
2 75 OFCODE: I1° ( =x M)
3 O f3 DECLCDFI  INCLRFI 33
4 1 :: SOURCE=ALYU ALU=E DEST=DS DECODE HH
S 2 SOURCE=RE AlLU=A DEST=DHI DECCRF1 END HH
& 3 3END
7
g
C;'
10
i1
i2
1=
14
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n
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CONU DN

1}
0
o

v #EB1

113

: #BG

\ MICROCODE ——- J(4)

DECIMAL

76 OFCODE: J ( =% N
© :: DECLDFI

DECILRF1] END

Z AR -

tEND .

we
an

N MICROCODE —-- LEAVE(Z
DECTIHAL

4,980,821

INCLRF]

« s
as

3

.
LR

~

:: SOURCE=ALU ALU=R DEST=DS
:: SOURCE=RS ALU=A DEST=DHI

INCLRFI
DECLRP1]

- .
L]

‘14

DECODE ;3

77 OFCODE: LEAVE ¢ =x ( Sets COUNT=LIMIT on return stack )
O :: OSDURCE=RS DEST=DLO INCLRF] DECODE HE]
: SOURCE=DLO DEST=RE DECLRF] END HH

CM N &R -

mn
1
bl

OO NS SR e

)}
0
L sl

AR -

1
;s sEND

. #ET

\ MICROCODE -—- LIT(4)
DECIMAL
78 OFCODE: LIT ¢ =» N

LU HH

)

1 :: SOURCE=RAM DEST=DLO

3

3 sEND
 #B873
\ MICROCODE -—— LSR(2)
DECIMAL
7% OFCODE: LSR ( N1 —=3>
O 312 DECOLDE ;3

1 :: SC=0 SRIDHII]

A SOURCE=ALU ALU=E

N2

~

END

INCCFC1I

END

DECLDF]1 33
\ get literal
DEST=DE DECODE
\ Save top of stack

A SOURCE=DLDO ALU=A DEST=DHI

-
s

\ DHI

value

& |‘
z
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- 115 116

S 33END : -

&

7 -

(5]

C?

10

11

1=

14

15

ECR #84 -

O \ MICRDCODE —--— NEGATE(Z2)

1 DECIMAL

2 B0 OFCODE: NEGATE (N —->» -N )

= (ST ] SOURCE=ALU ALU=0 DEST=DLO DECODE 33
4 1 :: SOURCE=DLO ALU=A-E DEST=DHI END 33
S ::END

&

7

=

9
10
11
12
13
14
18

SCR #B83

\ MICROCOLDE -——- NOF(Z)

DECIMAL

81 OFCODE: NOF ( =)
¢ «: DECODE 33

1G

11

12

13

14

15

SCR #8&

¢ \ HMICROCODE -—— NOT(4)

1 DECIMAL

2 82 OFCODE: WNOT ( N => O=FLAG )
52 O 22 ALU=notE 3:

4 i :: AlLU=notR i3 )
=) 2-t: JMF=10E DECODE 33
o ~
7 ( 20 ) 4 :: ALU=0 DEST=DHI END 33
8 ( =0 ) 95 1: ALU=-1 DEST=DHI END 33
@ ::END

10 -
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117 118
11
12
13
14
S
SCR #8687
¢\ MICROCODE —---— OR(Z}
1 DECIMAL -
2 &3 OFCODE: OR ( N1 N2 => NI )
= Q oz DECODE 53
4 1 z:¢ SOURCE=DS  ALU=AorE DEST=DHI INCLDFI END i3
S VNI - N2 X0R¥ Nt .
& 33END
7
&
9
10
11
12
13 !
14
15
SCR #88
<\ MICROCODE —-- QOVER(Z)
i DECIMAL
2 84 OFCODE: OVER ¢ N1 N2 —» N1 N2 N1 )
A 0 3: SOURCE=DES DEST=DLO DECIDFl s3; \ DLO <— N1
4 1 23 SOURCE=ALU ALU=E DEST=DE&
S DECODE 33 \ Save NZ
1) 2 22 SOURCE=DLO ALU=A DEET=DHI END 33 \ Copy Ni
7 3:END
8
9
10
11
1=
14
15
SCR #89
¢ \ MICROCODE ——— R (3}
1 DECIMAL
2 85 OFPCODE: RX: ( —-> N ( return: N —-> )
= o DECLDFI 33
4 1 :: SOURCE=ALU ALU=E DEST=DS DECODE 3: \ DS <- DHI
S 2 33 SOURCE=RS ALU=A DEST=DHI INCCRF3I END 33
6 \ DHI <- N
7 3:END
=
Q -
10
i1
14

[
W]
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119 120

. #P0

\ HMICROCODE —~—— R@&(ZI)
DECIMAL
2& OFCODE: RE ( —=» N ( return: N -> N}
O :: DECCDF] -
1 =: SOURCE=ALU ALU=E DEST=DS DECODE HH
2 :: SOURCE=RS ALU=A DEST=DHI END 33
s sEND

R #F1

\  MICROCODE ——— RLC(S/6&)
DECIMAL
£7 OFCODE: RLC ( N1 CYIN -» NZ CYOUT )
Q 2z ALU=notR i \ test if CYIN=O
ALlU=notk HH

1

SOURCE=DS ALU=A+A DEST=DHI JMP=10E
\ DHI

¢ CYIN=Z=G ) 4 13 SOURCE=DS ALU=A+A+1 DEET=DHI

a

:: SOURCE=ALU ALU=E DEST=DS JMF=11CA

( COUT=>0 ) & =
7 s

AlLL=—1 DEEST=DHI END
( CoutT=0 ) D

:  ALU=O DEST=DHI EN

;s sEND

¢ HPRL

\ MICROCODE -—— ROT(3)
DECIHMAL
88 QOFCODE: ROT ¢ N1 N2 NS —> N2 NI N1
(s3 SOURCE=ALU ALU=Rk DEST=DLO DECLRFI]

.
s
<= N2

DECODE 33z

aw
L]

\ DLOL-NZ

1 22 SOURCE=DS DEET=RS INCLDF1 33 \ RE<{-NZ
2 s SOURCE=DS ALU=A DEST=DHI 33} \ DHI<-N1
3 szt SOURCE=RS DEET=DS ~ DECIDF] DECODE ;3 \ DS<=-NZ
4 :: SOURCE=DLO DEST=DS INCLRF1 END j;; \ DS<{-NZ
: sEND
#93 -
\  MICROCODE ——- RRC(&)
DECIMAL
2% OFCODE: RRC ( N1 CYIN -» N2 CYOUT )

(NI ALU=notE 13\ test if CYIN=O
i s: SOURCE=DS DEST=DLO ALU=notE JHMF=111

't

ae



Ea RGN ]

3]

-

QO N O R e O

[y
-

4,980,821
121 122
7 ::  JIMF=01E  1:

¢ CYINZSHO )Y 2

: ALU=-1 DEST=DHI JMF=10CC
¢ CYIN=O ) c

HH ALU=0 DEST=DHI JMF=10C

¢ CYOUT=0 )

«: OSRIDLO] ALU=0 DEST=DHI DECODE JMP=110
{ CYOUT=1 ) 2

SRLDLOJ ALU=-1 DEST=DHI DECODE JMF=110

- o
L
-
L]

ap

& z: SOURCE=DLO DEST=DS END 33

s sEND

{ #94
v MICROCODE —-—--— S—->D(3)
DECIMAL

? 90 OFCODE: S-»D ( N1 -> D2 )}

0 :: ALU=E DECCDF1 33
1 :: SOURCE=ALU ALU=E DEST=DS JMF=10S DECODE

-
‘an

»=G ) 4 :: ALU=0 DEST=DHI END ;3
¢ <0 ) S s ALU=—1 DEST=DHI END 33
: sEND
¢ #75
\ MICROCODE —-— SWAF(3)
DECIMAL
91 OFCODE: SWAF ¢ NI N2 —-> N2 N1 )

HE SOURCE=DES DEST=DLO ;:: \ DLO<-N1

O 3
1 :: SOURCE=ALU ALU=E DEST=DS DECODE 3: \ DS<-NZ2
2 ::  SOURCE=DLO ALU=A DEST=DHI END ;3 \ DHI<-NI1
1 sEND
C #96 -
\ MICROCODE ——— TOGGLE(8) .
DECIMAL
92 OFCODE: TOGGLE ¢ ADDR N -3 ) .
G ::  SOURCE=DS ALU=A DEST=FC INCLDF1 33 N\ FC<-ADDR
1 z: i
2 ¢:  SOURCE=RAM DEST=DLO 3; \ (ADDR)xorN
= :: GSOURCE=DLD ALU=AxorE DEST=DHI 33 \ (ADDR}xorN
4 :: SOURCE=ALU ALU=ER DEST=RAM 33 \ Re-write ADDR
S o SOURCE=FCSAVE ALU=A+1 DEST=FC ;i \ Restore FC
& :: SOURCE=DE ALU=A DEST=DHI INCLDP1 DECODE i3
7 z: END 33
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4,980,821

123 124
3 sEND
#97
\ MICROCODE —=—=- UX(Z7/38)
DECIMAL
& OFCODE: UX ( Ui U2 -» Uubz )
(SR SOURCE=ALU ALU=R DEST=DLO :i \ Move top of stack
1 =z AlLU=0 DEST=DHI 13\ Zero hi product half
2 ots eC=0 GSRIDHIJ ERLDLO] JMP=10CC ;3
( BIT O: CY=0 ) 4 : SC=0 SRLDHI1 SRIDLO] INCEMFCT JMF=111 33
7 :: SC=0  JMF=00CC 33

( CY¥=1 ) & :: 8C=0 SRIDHI1 SRIDLOI" INCEMFCY 52
& :: SOURCE=DS ALU=A+E DEST=DHI JMP=00CC 33;

. #98

\ MICROCODE —--—— U¥% - 2

DECIMAL

97 CURRENT-FAGE !

( BIT 1: CY=0 ) 0 :: SRIDHIJ SRIDLO] JMF=011
T o3 SC=0 JMP=10CC 3.

4 Cy=1 ) 1 :: SRIDHI] SRLDLOJ HH
2 :: - SOURCE=DS ALU=A+B DEST=DHI JMF=10CC s

( RIT 2: CYy=0 ) 4 =: SRLDHIJ SRIDLO] INCIMFCI JMF=111
7 :: SC=0 JMP=00CC ;3
( Cy=1 ) © s:: SRLDHIJ SRILDLO1 INCIMFCY s
& :: SOURCE=DS ALU=A+B DEST=DHI JMF=00CC 33
L #P79 -
N MICRCCODE --—- U%x - J
DECIMAL

@28 CURRENT-FAGE !
{ BEIT Z: C¥=0 ) O :: ERIDHII SRIDLO] dMF=011 33

-

T o1y SC=0  JIMP=10QCC ;3

( C¥=1 ) 1 :: SRIDHI1 SRIDLO] HH :
2 :: SDURCE=DE ALU=A+R DEST=DHI JMF=10CC ;3;

( BIT 4: CY=0 ) 4 :: SRIDHI1 SRIDLO1 INCIMFCI JMF=111

7 13 SC=0 JMF=00CC 13
¢ Cv=1 ) S :: SRIDHI1 SRIDLO3J INCIMFCI 13
& :: GSOU