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PREFACE 

We have endeavored to provide you with the necessary and sufficient. 

information to make full use of the CPU/ 16 product. At this time, it will 
be necessary for program developers to understand the Forth language to 
follow the source code provided. We look forward to having other languages 

implemented. 

Hopefully, you will find this new experience as stimulating and r('ward
ing as we have in developing it. You will find Phil Koopman's January 1987 
BYTE article "Microcoded versus Hard-wired Control" and his April 1987 

BYTE article "The WISC Concept" useful as additional support material. 

CPU/ 16 developers are licensed to include any or all of the rn n-time 
MVP-FORTH/ 16 program as a part of their products. Reasonable support 
to developers will be provided. 

March 1987 P. K. and G. B. H. 
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Introduction 

Part One 

OVERVIEW 

Introduction 
Getting Started 

Install Hardware 
Distribution Software 
Execute MVP-FORTH/16 
Return Control to Host 
Disk Options 
No Problems 

System Software 
CPU/ 16 Control via Host Ports 
Development Language 
Micro-Assembler 
Cross-Compiler 

Managing the Source Files 
Archived Source Files 
Prepare Working Source Diskettes 
Save Modified Kernel 
Tests and Demonstrations 
General Notes on MVP-FORTH/16 
Other Forth Dialects 

Most of today's common microprocessors fall into the category of 
"complex instruction set computers" ( CISC). Efforts to improve the tech
nology have led, on one front, to "reduced instruction set computers" 
(RISC). The CPU /16 represents a third alternative, the stack-oriented 
"writeable instruction set computer" (WISC). 

The most significant potential offered by the WISC CPU /16 is the new 
way of addressing a problem found in classical CISC and RISC architec
tures:. that of syntactical mismatch between the computational needs of an 
application program and the CPU's instruction set. This mismatch limits 
the ultimate throughput of such systems. The WISC CPU/ 16 allows an 
opcode's semantic content to be harmonious with the hardware structure 
and application program's needs, vastly improving throughput. 

The concept of the writeable instruction set computer, incorporated 
in the WISC CPU/ 16, will be a new experience for most users. Complete 
access to the processor's logic control lines is available. Custom opcodes 
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can be implemented easily and integrated into applications. In contra.st to 

writable "control store" options a.va.ila.ble on some higher priced computers, 
the CPU /16's instruction set has a. simple format for easy modification.· 
The writeable instruction set can be employed to make a.n application's 

fundamental operations the native code of the WISC processor. 

. Another significant feature of the CPU/16 is the use of independent 
hardware stacks for. handling operands and subroutine return addresses. 
The use of these stacks simplifies the CPU /16 hardware by eliminating the 
need for decoding operand location information - all operands a.re implicit 

in the op-code. In addition, hardware stacks greatly • increase the speed 
of the frequent subroutine calls demanded by modern structured program
ming. 

The documentation includes everything that was used to produce the 
hardware and software systems: complete circuit drawings, details of the 
microcode format, and source code for aU the software. This .may be more 
than you need, but it is our intention to be as open witbthe product a.s pos• 
sible, Note that the boards, documentation, and software are copyrighted. 
N.o restriction is placed on the use of this software with applications using 

· the CPU /16. A pa.tent applicatiqn is pending. · · 

Not a.fl users of the WISC CPU/16 need to. master the most detailed · 
information that is provided. Executable code and complete source listings 
are included for a micro-assembler, a cross-compiler, and the completely 
functional development language. All a.re ready to run, permitting produc
tive use of the system. from the beginning. Eventually, you will want to 

study and understand all facets of the WISC CPU/16 system. Our experi
ence teaches that understanding all parts of a problem and its solution is 

the ultimate approach to problem-solving. For tutorial purposes, yo\l may 
skip to the parts which interest you most. 

Getting Started 

Install Hardware 

Installing the WISC. CPU/ 16 hardware.· is simple for the IBM PC /XT 
or compatible.· For the IBM AT or compatible running at 6 or 8 MHz, itwiH 
be necessary to move jumpers (adjacent to the board's copyright notice) 
JPl to JP2 and JPS to JP4. The two boards, already connected by ribbon 
cables when shipped, a.re then simply fitted into any tw.o consecutive slots 

in an IBM PC/XT /AT or compatible opera.ting under PC-DOS'or MS-DOS . 

. Distribution Software 

Two diskettes a.re shipped with the WISC CPU/16. The .<me la.belled 
"WISC System" is the run-time disk and may be loaded immediately, as 
outlined below. (To prepare your source diskettes, refer to "Managing the 
Source Software.") The WISC System diskette con ta.ins an executable DOS 
program for the IBM PC or compatible. It runs as t.he host program, and 
the la.st 140 blocks contain an image of .the board's micro-memory and 
RAM mem.ory, which a.re loaded ·onto the board to permit it to function. 

Make as many backup copies witb COPY DISK as you wish. Your boards 
have been tested with the programs and data on this disk. 

2 
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Execute MVP:-FORTH/16 

The CPU/16 boards are language independent. To understand the 
development programs that are included, it is necessary that the developer 
understand the Forth language. 

Loa.ding the system is easy: 

1. From DOS, load the program CC.COM. This puts you in the MVP
FORTH environment, complete with the cross-compiler, micro-assembler, 
MVP-MATH, and host functions that service the boards. A carriage return 
will display a new "OK" prompt. 

2. Type the function LOAD-ALL followed by a carriage return. The 
binary image for the boa.rd will load, displaying the location and source 
screen of each of the 64K words and SK bytes of micro-memory as they a.re 
loaded. When this is finished, you will be left in the host's Forth system. 

3. Execute the function BOARD and a carriage return, and you will be 
shown the board's identifying mess~g~. Another carriage return displays 
the board's prompt "(CPU /16) OK;":Any commands now entered will ex
ecute from the board's microcoded kernel. Try VLIST for a list of available 
commands; or execute any other Forth f1UJ.ction. LIST will list the screens 
of code that a.re on the host's current disk drive. 

Ret1urn Control to Host 

Typing BYE returns control to the host's Forth system. From there, 
you can exit to DOS by typing another BYE. As long as the power is on, 
the boa.rd will retain its loaded memory. After reloading the host program 
(Step 1, above), you can immediately execute BOARD (skipping Step 2). 

Disk Options 
! 

The current system is 100% compatible with MVP-FORTH screen 
disks. It also allows use of a RAM disk, ha.rd disk, or a partition of a 
ha.rd disk for your code screens with appropriate functions added to MVP-· 
FORTH according to your desires. Once you use a hard disk or a RAM 
disk for screens, you will never want to bother with floppies. It is possible 
to generate and operate the WISC CPU/ 16 system software with only a. 
single 360K floppy disk drive. We will leave the many possible permuta
tions to the user's discretion. The disk access method a.nd format used is 
identical to the method used by MVP-FORTH. 

No Problems 

If any problems arise, first try reseating the boards. This has eured 
most common problems with getting started. The documentation contains 
a. complete set of circuit drawings and all of the source code for the pro
grams necessary to operate the product. Once functioning, the systems 
have offered no problems. We hope you will enjoy the same experience. 

If you should experience a problem that· you can not resolve: 

l) Please re-read the applicable sections of the documentation, 
I 
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2) If you still can not resolve the problem after re-reading the documenta.- 1 

tion, please call us any time at (415) 747-0760. 

System Software 

CPU /16 Control via Host Ports 

The host communicates with the WISC CPU /16 boards with up to 16 

ports. The functions of the related addresses provide control of the boards. 

The ports can be accessed with the IN and OUT functions of BASIC, for 

example, or with equivalent functions in any language of the user's choice. 

Development Language 

The accompanying source code for all programs is written in the MVP

FORTH/16 dialect of Forth. Other development languages could be used. 

Study of this implementation will provide many examples of ways to im
plement any other language of your choice. Forth users can proceed imme
diately with applications for the kernel installed on the boards. 

Many existing Forth programs will run directly from the boards, and 

any Forth code available to the host computer can be accessed directly by 

the board's kernel. MVP-FORTH programs like the MVP-MATH package 

will load with very few modifications. The ma.in difference between MVP- ' 

FORTH/16 and standard MVP-FORTH is that the kernel installed on the 

board is oriented on 16-bit words rather than on bytes. MOVE is implemented 

and a new word <MOVE is added. After much deliberation, ALLOT has been 

replaced with ALLOT/16. Many programs can be ma.de to load and function 

by ma.king such words into .aliases for their MVP-FORTH/ 16 equivalents 

as follows: 

CG G ; 
C! ! 
c .. ; 
CMOVE MOVE 
«nilOVE <MOVE 
ALLOT ALLOT/16 

A second difference between MVP-FORTH/16 and MVP~FORTH is 

that the dictionary header structure has been changed to improve per
formance and to reflect the requirements of a. direct-execution hardware 

environment. Details of the header structure changes a.re provided in the 
software section later in this document. 

Micro-Assembler 

The micro-assembler provides the user with a. tool to assemble the 

bits of a. micro-instruction,. much the way that a. conventional assembler 

forms the bits of a macro-instruction. The micro-assembler may be used to 

create and execute single-stepped micro-instructions, or to create and store 

micro-instructions in the CPU/ 16's microprogram memory. The software 

section of this document contains more details a.bout the micro-assembler 
as well as the cross-compiler. 

4 
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Cross-Compiler 

The micro-assembler and cross-compiler a.re closely integrated. If you 
wish to change the kernel or integrate your own microcoded instructions 
into the kernel, you will need to use the cross-compiler. It is designed to 
load a functional kernel on the boards. Only a portion of the program 
memory has been used Cor the kernel ;.., a. little less tha.n lOK of the 64K 
words of programming space on the CPU/ 16 RAM. The object code is 
compact, even though bytes a.re not used (storing ASCII code in a. word 
sets the high 8 bits to zero). 

Managing the Source Files 

The system disk included .with the CPU /16 con ta.ins 1compiled copies 
of a.II the software for your convenience .. You will not need the Source 
Files to execute MVP-FOFITH/16 on the CPU /16. However, we include 
the source code files for all software so tha.t you ma.y examine and modify 
a.ny or a.II of the software provided. lt.,"will also provide you a. model from 
which to implement your microcode''and kernel in a. la.ngua.ge other tha.n 
Forth if you wish. 

When writing microcode for an application or when modifying the 
board's kernel, the micro-assembler a.nd cross-compiler should be used to 
generate the necessary primitives and a small, run-time kernel. If desired, 
you may even modify the host's MVP-FOFITH assembly source code for 
reassembly with MASM (or a. similar program a.va.ila.ble from your software 
supplier). 

The WISC Source disk contains a.II the source code for the WISC sys
tem. Three large files on the disk were archived - they have an .ARC 
filename extension. The programs ARCV, ARCE and ARCA a.re public 
domain. They are frequently used to compress files for archival storage 
and for distribution. After extracting the compressed Forth screens files, 
they ha.ve to be moved to a working disk of Forth screens. You will need 
to read the following pa.ra.gra.phs only if you need to access the source code 
for MVP-FORTH/16 for modification. 

ARCV is used for viewing an archived directory. ARCE is for extract
ing the files. ARCA will let you make new archived files. These "ARCx" 
programs a.re major space savers, and make for ease of portability, espe
cially in telecommunications. Bringing up an ARCx program from DOS 
without parameters will display helpful information. Learning to use these 
programs will. add to your general computer literacy. You will want to use 
them in other applications. 

Archived Source Files 

MVPFORTH.ARC is a.n archived copy of the current distribution disk 
from the MVP-FORTH Programmer's Kit. 

MVP-MATH.ARC is the full source code for all of the ma.th pack
age described in the MVP-FORTH Series Volume 3. It also contains an 
extended Forth assembler which is modified from that included with the 
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sta.nda.rd MVP-FORTH program. The extended assembler a.nd the neces
sary ma.th functions a.re already compiled as the file QUAD.COM, on your 
WISC System disk. 

WISC-1.ARC contains a.II ofthe additional source code for implement
ing MVP-FORTH/16 on the WISC CPU/16. This decomposes into 550 
screens of code. The necessary source has already been compile to the files 
MASSEM.COM a.nd CC.COM on your WISC System disk. (See below.) 

Prepare Working Disks 

This procedure ca.n seem complicated at first. Follow the steps out
lined below carefully, a.nd you will ha.ve mastered another useful DOS util
ity. We will support you if you have problems learning this technique. 

A systematic a.pproa.ch to preparing your working disks follows: 

First, de-archive ea.ch of the ARCed files onto its own, separate disk. 
Sta.rt with the new diskette containing MVPFORTH.ARC. Use ARCE to 
extra.ct the files. Then study the file MVPFORTH.DOC which tells how 
to regenerate a "Forth Screens,, disk from the compressed code. You will 
ha.ve to master this procedure before progressing. It really is quite simple, 
using the two functions FILE>SCREENS and SCREENS>FlLE. Actually, the first 
function is all you need. · 

Next, work with the MVP-MATH.ARC disk. Use EXTASM-1.MVP 
and EXTASM-2.MVP to make a.II the extended assembler screens that a.re 
necessary. Using a. 360K floppy, you might start EXTASM-1.MVP at screen 
20 and follow it with EXTASM-2.MVP. You should then be able to load the 
MATH-HI code beginning at screen 180, followed by MATH8088 beginning 
at screen 290. The first few screens of ea.ch listing contain instructions on 
loading their source code. 

Now go to the disk containing WISC-1.ARC. This code is for the micro
assembler a.nd cross-compiler, and the kernel. Make a. screens disk for 
KERNEL-1 and KERNEL-2. These occupy a total of 262 screens and a.re 
best left on a single disk, perhaps beginning at screen 20. 

Then put the rest of the WISC-1 source code on another diskette. 
This consists of functions to be added to the boa.rd as desired. Perhaps 
you ca.n load MASSEM.CMP beginning at screen 20 for 85 screens. Then 
load MATH 16.CMP beginning a.t screen 120 for 99 screens. Finally, load 
TEST'.CMP beginning a.t screen 220 for 107 screens. 

At this point you should ha.ve a. deARCed MVP-FORTH disk from 
which to run Forth and start building the necessary run-time files as de
scribed below. You should have the MVP-MATH source code from which 
you ca.n load the EXTASM source followed by the MATH8088 source and 
the MATH-HI source. Finally, you should have two Forth screens disks, 
one with the WISC Kernel, and the other with the WISC Massem, the 
WISC Test and the WISC MATH 16 source screens. 

Each of the files on the WISC System disk was generated by using the 
procedures below. You will need to go through some or a.II of these steps 
to rebuild the system after changing code in the kernel or cross-compiler. 
You will not need to rebuild the system for most applications. The full 
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kernel implementation takes only about lOK words of the nearly 64K words 
available to the CPU)l6, and just over half of the 256 available pages of 
microcode memory. 

To save some work, you are provided the already compiled programs 
QUAD.COM (MVP-FORTH with the_ necessary extended assembler and 
quad-precision math added), and MASSEM.COM (QUAD.COM with the 
micro-assembler and cross-compiler added). CC.COM uses MASSEM.COM 
to generate MVP-FORTH/16 and has the host references for interfacing 
with the WISC CPU/16. . 

Build the necessary run-time files in steps. You might make one step 
up to the quad-precision m.ath as we .have done, Or you can use our 
QUAD~COM and move on to the next step. Add the micro-assembler 
and cross-compiler, and name it MASSEM.COM. Finally, load the MVP
FORTH/ 16 kernel and save the file as CC.COM, with the microcode a.nd 
the board image beginning on screen 220 of t.he system disk. Be careful -
you a.re mixing DOS files a.nd Forth data blocks on one disk. 

Referring to the source screens, near the beginning you will find spe
cific "load" screens, but the numbeW:do not match those of the a.ctual 
screens. These can be modified a.ppropria.tely with OFFSET. If you place the 
disk on DRO a.nd started the extended assembler at screen 20, following our 
suggestion, then execute 

DRO 17 OFFSET +! 

This should make Screen 4 the lo~ screen, and typing 4 LOAD will work 
properly. 1 

Next, loa.d Screen 4 from the MATH-HI screens, then the MATH8088 
screens. Finally, go to MATH-HI and load the rest of the necessary screens 
indicated by the MATH8088 load screen. Make a copy of the load screen 
which you can then edit to load these screens properly. Sa.ve the results 
a.s a file QUAD.COM. If all works to this point, you will not have to go 
through the process again. 

Now, go to the source screens for the MASSEM program. If you fol
lowed the suggestion ·ma.de above to load them beginning at screen 20, 
type: 

DRO 20 OFFSET·+1 

and 2 LOAD. Save the result a.s MASSEM.COM. 

Go to the disk containing the KERNEL screens. Again, if you followed 
the suggestions above, type: 

DRO 20 OFFSET +! 

and 2 LOAD, following instructions that wiHappear: You will probably want 
to list screen 2 before loading it. Save this host image as CC.COM. 

Finally, you can add the MATH 16 screens in a similar manner. 
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Introduction 

Please refer to the 21 Plates in Appendix B, which include a system 
block diagram, four plates detailing the microcode format, and the com

plete schema.tic drawings that were used for the wire-wrapped kits and for 

laying out the art for the printed circuit boards. 

Specifications 

* Clock cycle: 280 ns. (jumper selectable) micro-instruction cycle. De
pending on the actual speed of the components used, selected boards will 

even run reliably at 210 ns. All boards pass a severe stress test at 280 ns., 

using 150 ns. memory chips. 

* Throughput: Approximately 1.2 MOPS. 

* Power: 10.4 wat.ts a.t 5 volts. (The original "65 Watt" IBM PC power 
supply has a. total of 35 watts at 5 vohs available to all expansion boards 

and disks.) 

* Architecture: 16-bit data paths; Writeable 32-bit horizontal microcode. 

Two independent 16-bit hardware stack memories. Overlapped micro
instruction execution and fetch. Overlapped macro-instruction execution 
and fetch. . 

* Host Computer Requirements: Two full-size expansion cards are joined 

with two ribbon ca.hies and plug into any two IBM PC/XT /AT (or com
patible) slots. They a.re addressed with IN- and OUT-port instructions 

(Intel series CPUs). The pro<iessor hardware and 64K words (128K bytes) 

of RAM are included on the two boards. 

* Technology: Most logic is built from 74LS series TTL chips. T.he ALU is 
designed with 74LS181 using carry-lookahead logic. All memory chips are 

8-bit, low-power, 150 ns. static CMOS. 120 ns. chips could be used, 

*Hardware Stacks: Independent 256-element, 16-bit return and data stacks 

with hardware stack pointers. Stack operations can be overlapped with 

macro-instruction execution and fetch. 

* Micro-instructions: 2048 by 32-bit writeable control store micro-memory. 

Micro-memory is arranged into groups of 8 instructions, giving a maximum 

of 256 different microcoded primitives. 

* Ma.in memory: 64K 16-bit words (128K bytes) of 150 ns. /(standard) 
static RAM. 

* Design Priorities: 

1) Use simple, inexpensive, commonly available parts, 

2) Minimize cost of development tools. 

3) Fit the base boards in standard IBM PC slots. 

4) Maximize flexibility, minimize complexity. 
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5) Maximize raw speed. 

Capabilities 

Operating Speed 

The WISC CPU/ 16 runs at a micro-instruction clock cycle of 280 ns., 
as derived from the. host clock's oscillator. Since simple primitives are 
only 2 clock cycles long, th.is· gives a best-case operating speed of 1. 78 
MOPS (million operations per second). In actual programs, the average 
primitive will probably be 3 clock cycles in length (exclusive of complex 
micro-instructions such as multiplication, division, block move and block 
fill), yielding an operational speed of approximately l.2 MOPS. 

Various benchmarks have shown speed increases of 20 to 30 times over 
an 8088 running identical code in the MVP..; FORTH language. A subroutine 
call and return pair takes only 1.68 microseconds. The macro-instruction 
fetch and decode function usually t.~~~s no time at all because it can run 
concurrently with code of the preceeaing function. It actually requires a 
2-cycle minimum on a microcode definition, and at times it adds cycles 
onto primitives that access ma.in memory, due to contention for use of the 
program counter. 

Genera.I· Architecture 

The WISC CPU /16's genera.I architecture is shown in Appendix B, 
Plate #0. The board uses 32-bit, horizontal microcode to drive a 16-
bit, stack-oriented processor. The boa.rd is capable of overlapped micro
instruction execution, rnicro-instruction fetching, and. main memory in
struction fetching. Six functional units are Implemented in hardware and 
are connected by a single 16-bit, 3-state data bus (see Plate #0). 

The IBM PC Interface 

Host Requirements 

The WISC. CPU /16 is designed to work as a two.; boa.rd attachment to 
a standard IBM PC/XT/AT. . 

Master/Slave Modes 

The board has two modes: Master and Slave. In Slave mode, the 
board's clock is stopped. The boa.rd waits for IN and OUT commands 
from the host before receiving or sending information. In Master mode, 
the board's clock cycles at its selected rate, and the host can only use IN 
commands to monitor the status of the board, or it can switch the board 
back to Slave mode. 

Port Addresses and Registers 

The board responds to port addresses 3EO thru 3EF hex (Intel series 
CPUs). 

13 



Ports. 3EO through 3E7 are the "write" ·ports that respond to host 
OUT commands. They are ignored by the boa.rd while it is in Master 
mode. Inslave mode, they allow micro-in.structions to be written to the 
board's micro.;instruction register, cycling the board's. clock for one clock 
cycle, and writing to registers or memory on the. board. 

Of special interest is the use of port 3E7 .. This port writes 8 bits of 
data. into a holding register on the boa.rd. When ports 3EO, 3E2, or 3E3 
are later written with the low-order 8 bits ()f data, the holding register is 
used to access the high-order 8 bits of data. to obtain a 16•bit destination 
on the. boa.rd. The holding register is not cleared after use, so if a series of 
byte values is being written to the board, itneed only be set to 0 once. 

Ports 3E2 and 3E3 a.How the host computer to directly set the contents 
of the micro-instruction register {MIR) without affecting micro-memory. 
This permits direct control of the board's resources .by the host .. An in
struction may b.e written to the MIR and then executed in single-step fash
ion by cycling the board dock with port 3E4 (note that the MIR contents 
are not clocked. in from micro-memory by this clock cycling). Also,. by. set
ting up the MIR with an appropriate SOURCE:: .or DEST=, any board 
resource that can be connected to the bus .may be read from or written to 
the board via p()rts 3EO, 3E.7, 3E8, and 3E9. 

Ports 3E8 through 3EF are "read" ports that may be used at any time 
by the host. Ports 3ES and 3E!l directly read whatever is on the board's 
data. bus. This is useful primarily when single-stepping a micro-program, 
or when loading or saving data. from the board's resources before or after 
executing in the Master mode. 

Port 3EA is the most-used rea.d port. It directly reads the contents of 
the board's status register, even while in Master mode. The status register 
is used as a signal from the board t() request services while in Master mode. 
Typically, a. 0 value in the status register means no request is active, while 
any other value is a request to return the board to slave mode and perform 
the services desired. A h()st program typically idles until the status register 
is non-zero, .then performs requested I/O services and returns the board to 
Master mode to continue program execution. A considerable amount of 
concurrency is possible in 1/0 operations between the boar<l and the host.·· 
since the waiting host can pre-fetch data that is likely to be needed, and 
can restart the boa.rd before saving/displaying info!'mation the board has 
given it. · 

. Port 3EBsets Slave mode on the board, while port 3EC sets Master 
mode .. T~e boa.rd ca~not control these modes. itself, so the host must set 
Slave mode before servicing an 1/0 reqiJest. The board is set to Slave mode 
when the IBM PG power-on reset is activated. 

Return and Data Stacks 

Physical Description 

The board ha.s two hardware stacks, called the ret.urn stack and the 
data stack. The hardware implementation of the two stacks is identical, so 
we will discuss only the data stack. 
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Stack Pointer 

The data stack is a 256-element by 16.:bit LIFO stack. It has an 8-bit 
dedicated stack pointer that may be incremented or decremented concur
rently with other. mi<;rocode operations. The data stack pointer is incre
mented or decrem'ented at the end of a micro-instruction, so a value may 
be read from the current data stackJocation in a micro-instruction, the 
pointer ma.y be changed, and the value of the. new location will be ready 
in time for the next micro-instruction. Changing the value of the stack 
pointer does not destroy the stack contents, so the pointer may be changed 
to access buried 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 point
ing to the top-most element of the return stack, while the data. stack pointer 
points to the second element of the data. stack. The top-most data. stack 
element is always kept in the Data. High register connected to the ALU. 

ALU and the DHI Register 

Data. Pa.th Options 

The boa.rd uses a. full 16-bit ALU with carry-lookahead generation to 
allow reading from any source on t.he boa.rd, routing the data. through· the 
ALU and writing the results to the Data. High (DHI) register. Conversely, 
the DHI register may be read through the ALU and written anywhere on 
the boa.rd in a single clock cycle. 

Bus Connections 

The ALU is ma.de from 74LS181 chips. Although the chip supports 48 
functions, only 20 of them a.re of any use in normal applications. The A 
side of the ALU is wired to the board's data. bus. The B side is wired to 
the DHI register. The output of the ALU may be sent to the data. bus, 
DHI, or Program Counter. Ca.re s.hould be ta.ken not to use the A side of 
the ALU for function generation when a. SOURCE=ALU statement is used, 
as the results will be unpredictable. 

DHI and DLO Registers 

16- or 32-Bit Shift Registers 

In addition to supplylng a. second operand for ALU functions, the DHI 
register acts as the top half of a. 32•bit shift register. The Data Low (DLO) 
register acts as the bottom half of the same 32-bit shift register. The 32-bit 
shifting is primarily of use in multiplication, division, and floating-point 
normalization. · 

DHI and DLO may be shifted)ndependently of each other. The low 
bit shifted into DHI - when shifting DLO to the left - is the Shift Carry bit 
set by the sc:::o or SC=l 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). TheJow bit shifted into DHI is the value of the highest bit 
in DLO (whether DLO is being shifted or not). 
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Clock. Cycles and Shifts , . 

•· . The high bit sh·ifted into OHi is a little tricky. · Il SC=J (the def au.It · 
Shift Carry va.lu,.,), then the .bit shifted into OHi is.the ALU carry-out value 
from· the last clock cycle. This ya.lue will be I unless an ~LU operation 
involving a. :"+" oi;- a "-" wa.$ performed on the last ~lock cycle. If $Q=O, 
the sh.ift into t~ high bit of OHl will be O for the current dock cycle and 

. the nett dock cycle, i'egat"dless of ALU carry .. outva.lues oi' t.he SC::: va.lue in . 
. the next micra..iiistruction. · · · · 

.. · OLO and OHi shifted results are not seen 'at their outputs until the . 
end of the micro..cyc:le, so the old value may be used in an instruction at 

· the .same thne a. shift is occurring.· Note that this property of the.chips . · 
predudes shifting a value i.nto OHi and sending it th.rough the .ALU in the 
same clock cycle called for by muhiplica.tion algorithms. 

Prog.-am Counter 

Interpretive Pointer 

The program counter usu.ally C()rita.ins the value of the interp,retive . 
pointer for the.Forth language implementation. 

. . 

P·rogra.m Mel!iory Addressing 
( 

The program counter is the only source of a.ddres~ing pr~.gra.m memory,· . 
so at times it wiii contain a. memory address for @, l, or other operations. 
The program counter may be incremented concurrently with other boa.rd 
operations~ The increment occurs at the end of the clock cycle, so the 
current value of the progra.Di counter (PC) may be used to access memory 
in the current micrt>-"instruction cycle, and the incremented value may be 
used to access the next memory address on the very next mi~ro-cycle. · 

The PC counter may be incremented· by U1~e INC(PC) micro-operation, 
or it may be conditionally incremented with the END micra..opei'ation. END .. 
increments the PG only if the high 8 bits of ·the current RAM output are 
J,s. As we will see later, this means that the inerement will only take place 
if ll. microtcided Forth· primitive is being referenced .. for execution. · 

PCSAVE Register 

The PCSAVE register is a save area for the program counter~. It cap.;. 
tures the pre-incremented value of th.e progralli counter halfway through· 
the END mic.r~operatioil, for later use either to restore the PC after .a. mem
ory reference or as a source for saving the interpretive pointer to the rettirn 
stack in a subroutine can~ . 

Program MemQry 
. . . . . I 
Linear Address Space 

. . . · .. 

The board's m..~in p;ogra.m memory is organized a.$ a. linear,, 16-bit 
address space. of up to 64K of IS.. bit words ( l28K bytes) of addressable 
memory. All memory exce.pt t.he last 256 words may ·~e used for programs. 
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Single-Byte Access 
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Byte addressing of the memory is not. a.vaih,1.ble; but single bytes may · 
be accessed by use of the BYTESWAP micro;.iiistruction in Forth. 

Clock Cycles 

Program memory is fast enough tC> be accessed in one dock cycle {but 
note that the program counter is incremented at the end of a clock cycle, 
so it takes 2 clock cycles to both change .the PC value and read/write 
memory.) Howev.er, the extra delay involved in connecting tbe memory 
bus to the data. bus requires waiting for the second cycle after the program 
counter is changed to perform a SOURCE=RAM or DEST=RAM function. 

· Data Bus Connectivity 

The program memory may be connec~ed to the. boa.rd bus vfa a con
tro~ signal for read and write operations. Most of the time, however, the 
program memory bus is isolated from the da.t;1. bus to allow concurrent 
prefetching of the next opcodes from memory .. 

Micro-Program Counter 

Microcode Primitive Addressing 

The Micro Program Counter (MPC) contains the high 8 bits of the 
address foi' the current micro-instructio11. · It is set by the DECODE ·micro• 
operation, either to the low 8 bits of the contents of the .memory bus (if the 
high 8 bits a.re all l's) or to allzeros. This conditional setting of the MPC 
means that a microcoded primitive is addressed by an FFxx hexadecimal 
opcode in ma.in me.moty (where xx is actually the 8 high-order bits of an 
11-bit address ·in micro.;.~emory). If. the tpp .8 bits of the opcode a:re other 
than FF hex, the MPC ts forced to O; pomtmg to the DOCOL microcode 
at micro-memory location 0. 

Subroutine References 

Thus, all subroutine <references are implied by a. non-FFxx opcode. 
This means that all of memory from 0000 to FEFF may contain programs. 
It also means that a Code Field,· as such, does n:ot need to be included 
in Forth .colon definitions, since the DOCOL operation is implied by the 
opcode. · 

Microcode Pages 

Since the MPC holds the high 8 bits of the 11,,.bit address for micro
memory, the microcode may be thought of as being divided into groups of 8 
instructions per page, each with the same highest 8 bits. Micro-instruction,s 
may be placed in any order desired in the 256-page area.. 

Execution Order and Conditionals 

Normally, micro-operations e:x,ecute sequentially down a page. How
ever, a conditional JMP= micro-operation allows execution of a. page's micro
instructions in any order desired. The lowest-order. bit is determined from 
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a condition-cod.e register, allowing conditional branching or looping, if de

sired. The other 2 bits of the micro-instruction address are read directly 

from bits 24 and 25 of the micro-instr_uction register. 

Length of Primitives 

The MPC may be incremented to allow microcoded primitives to use 

more than 8 locations in micro..;memory. The INC[MPC] command incre

ments the MPG at the end of the micro-instruction. Note that there is a 

delay of one micro-instruction cycle between INC[MPC] and the microcode 

pr()gra.m's execution Of an instruction in the next micro-memory page, due 

to the micro-instruction prefetching discussed below. 

MicrcrMemory 

Micro-Program Pages 

_The board's micro-memory (also ca.lied the micro~program memory, or 

sometimess referred to as the "control storage") is organized as 256 pages 

with 8, 32-bit instructions per page. 

Prefetch Micro-lnstructions 

In an effort to keep memory speed requirements low (and therefore 
inexpensive), a micro-instruction prefetch was used. This means the next 

micro-instruction is being read from micro-memory at the same time the 
current instruction is being executed. The main be-nefit is that the micro

memory speed is not added to th~ speed of _all the other ma.chine compo

nents when computing maximum clock speed. In fact, it is totally hidden 

as long as the micro-instruction fetch time is less than the clock speed. 

Micrcrlnstruction Register 

Micro-Memory Output 

The micro-instruction register (MIR)js a 32.;bit register that holds the 

output from micro-memory that was fetched in the previous clock cycle. · 

Bits 22 thru 28 of the MIR control Jhe flow oft he microcode program being 
executed. · 

Programming Conventions 

Every advantage has its price. While the overlapped fetch of the next 

micro-instruction saves a signifkanfamount of time in micro-cycle speed, it 

produces_ a. one-cycle delay between the time a. change in the MPC occurs 
a.nd the new page of micro-instructions reaches the MIR. This requires 
adherence. to the following programming conventions: 

l) A conciitional branch will take place in time for the micro-instruction 
following it to reflect the branching~ However, this requires a valid condi

tion Hag at the start of the clock cycle. Therefore; a condition will cause a. 

branch that reflects the condition codes at the end of the previous micro
instruction. 
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2) An INC[MPC] command must be. used as the next.;to-last instruction in 
a microcode page., since it takes a full clock cycle for ihe effects to flow 
through the microcode prefetch pipe. 

3) The DECODE niicro-operation, which conditionally sets the MPC, mu~t 
also be used in the next-to-last micr~instruction in a microcoded oper
ation. This limits the minimum microcoded operation length to 2 clock 
cycles. · 

Also, the micro-assembl.er forces a JMP=OOO micro-operation whenever 
END is used~ This ensures that the 0 location of the page for an operation 
is the first micro-instruction executed. 

19 

i. 

i. 
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(a) 

Bits 
8-15 
0-7 

(b) 

Function 

1 1 1 1 1 1 
5432109876543210 
1 1 1 1 1 1 1 1 opcode 

All 1, specifying an operation instruction 
Opcode 

1 1 1 1 1 1 
5432109876543210 

I address I 
Bits Function 

0-15 Subroutine address 
Note that bits 8-15 of the address must not all be 1 

Fig. 4.2-CPU/16 instruction formats. (a) Operation. (b) Subroutine call. 

[Ch. 4 ; 

call format, shown in Fig. 4.2(b), to be any address that does not have all 8 
highest bits set to 1. The strategy eliminates the constraint of 15-bit 
subroutine addresses found on the other designs in this chapter. A disadvan
tage of this strategy is that parameters for instructions cannot be contained 
in the instruction word. As a consequence, targets for conditional branches 
are stored in the memory word after the instruction, as opposed to a small 
offset within the instruction. This design tradeoff was made inthe interest of 
minimizing the amount of instruction decoding logic used. 

Since the CPU/16 uses RAM chips for the microcode memory, the 
microcode may be completely changed by the user if desired. The standard 
software environment for the CPU/16 is MVP-FORTH, a FORTH-79 
dialect (Haydon 1983). Some of the Forth instructions included in the 
standard microcoded instruction set are shown in Table 4.1. Of course, 
other software environments are possible, but none except Forth has been 
implemented. 

One thing that ~s noticeable in this instruction set is the diversity of 
instructions supported. The instructionsin Table 4.l(a) are a very large set 

. of Forth primitive operations; Table4. l(b) shows some common Forth wo.rd 
combinations that are available as single instructipns. Table 4.l(c) shows 
some words that are used to support underlying Forth operations such as 
subroutine call and exit. Table 4.1( d) lists some high level Forth words that 
use specialized microcode to speed up their execution. Table 4.l(e) shows 
words which were added to supp~rt .extended precision integeroperations 
and32~bit floating poil1ica1Culations:~ .. ;1, .·-· ·. . ·. . .· . . · • · • • · .· · .. · · 
~ .. <- ·j:;;-,->.::~ i..t1.;...":. ··-:- e· .• ,_ - _, :~-9 ., - · - -:;:,~:., -:;,;,o'·':il':\:'"~;.;; ... ,...·~.M-l;~~~.:~,#-:1':;f.'j_;:.-:rBh\·):1 .• -~, ,Jf..°fi}·l;t;.:;f~,-~;_:,.:_:;: :-1-. ~:; ·;,:· ·:''.:.:.-G-~;.,'i':.i:· ... tp.:_;,~ .. 1,.'4:;,i::;, 1,~ i'.;~~"'-~:'.":,~ .. ,;,.~:--:t··~'- :~.,~---- ,:.<;,:..~:>.-1•:;0~- ·r<:'-_i,J,..,·_;4_.,.._.,~ c.-.,..,,_;;;,~,,..--..,.._ 
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60 ARCHITECTURE OF 16-BIT SYSTEMS [Ch.4 

3 3 212 2 2 22 2 2 2 2 1 1 1 1 1 1 1 1 1 1 
1 0 9876 54 3 2 1 09 87 65 43 21098 7654 3 2 1 0 

je c slcond met m d p dhi dlo rp dp alu dest source I 
: 

Bits Function . 
31 Execute next macroinstruction when o 
30 ALU carry in 
29 Shift input for ALU/DLO shifters 

26-28 Condition code select fbr bit o of next microaddress 
000 Nways 0 011 DLO lowest bit 110 ALU equal to 0 bit 
001 ALU carry out 100 OHi lowest bit 111 Always 1 
010 OHi highest bit 101 ALU sign bit 

24-25 Bits 1 and 2 of next microaddress 
23 Increment MPC when O 
22 
21 

19-20 

17-18 

15-16 

13-14 

8-12 

4-7 

Fetch and start decode of next macroinstruction when O 
Increment the PC when O 
DHI shift control 
00 Load DHI from ALU 10 DHI shift right 
01 OHi shift left 

DLO shift control 
00 Load DLO from bus 10 DLO shift right 
01 DLO shift left 

RP increment/decrement 
00 Decrement RP 01 Increment RP 

DP increment/decrement 

11 nop 

11 nop 

11 nop 

00 Decrement DP 01 Increment DP 11 nop 

ALU function select (not all functions are useful) 
00000 A + CIN 10001 A nor B 11010 B 

· 00110 A- B- not(CIN) 10011 0 11011 A and B 
01001 A + B + CIN 10100 Anand B 11100 -1 
01100 A+ A+ CIN 10101 not B 111·10 Aor B 
01111 A-not(CIN) .10110 AxorB 11111 A 
10000 not A 11001 A xnor B 

Bus destination select 
0000 none 0101 PC 
0001 DP 0110 RAM 
0010 DS 0111 DLO 
0011 RP 1000 DHI 
0100 RS 1001 Status register 

1010 MPC 
1011 MRAM low 16 bits 
1100 MRAM high 16 bits. 

0-3 Bus source select 
0000 none 0100 RS 1011 MRAM low 16 bits 

1100 MRAM high 16 bits 0001 DP 
0010 OS 
0011 RP 

0101 PCSAVE 
0110 RAM 
0111 DLO 

1111 ALU output . j 

·, '.:; .. ~(: 
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Part Three 
' DEVELOPMENT SOFTWAR~ 

Introduction 
Interactive Development 
Cross-Compiler 

Sea.led Vocabulary 
Defining New Commands 
START ... END 
Current Limitations 

rvlicro-.A.ssernbler 
Setting Bit Fields 
Co-resident With Cross-Assembler' 
Micro-Instruction Fields 
Relates to Control Lines 

Microcode Definitions Fonnat 
Begin Defining Microcode 
Current-Page Variable 
Define Micro-Instructions 
Single-Step Mi.crocode 

Tel'Illinating rvlicro-Instructions 
Required Commands 
Program Counter Effects 
Multiple DECODE and END 

Next-Address Generation 
Jump to Offset , 
U nconditiona.l a.nd Conditional Jubips 
Equal Bit, ALU Carry-out ' 
Cross Page Boundaries · 
Loop on Single Pages 

INC!PCJ , 
Force Program Counter Incremen~. 

Shifting Rules 
Use of DHI and DLO 

Stack Pointers 
No-Wait Increment/Decrement 
Use of DHI 

ALU Functions 
Set by Micro-Assembler 
Test Flag Values 

Source and Destination 
Three-State Bus 
One Data. Source at a. Time 
Micro-Cycle Timing 
Limits in Master/Slave Modes 
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Introduction 

All software used to develop the WISC CPU /16 was written in MVP
FORTH. Any programming language with access to the host's 16 ports 
could have been used; but Forth's power and degree of control ma.de it 
ideal for the task. The speed and cleanliness of the final results confirm 
that we chose a reasonable option. 

Interactive Development 

The unique interactivity of Forth ma.de possible the step-by-step de
velopment of the system software along with the CPU /16 hardware. (This 
advantage will become apparent to the user when modifying and regenerat
ing the board's kernel.) Ea.ch part of the hardware was immediately tested 
with simple Forth functions in a single-stepping mode from the host com
puter. When the hardware implementation· was complete, the necessary 
software also was essentially complete; The fully functional system could 
be immediately tested. 

The cross-compiler and micro-assembler are closely interrelated to each 
other as well as to the hardware. We have, arbitrarily, described the hard
ware first~ We will describe the cross~compiler before the micro-assembler 
and this order, too, is arbitrary. It makes little difference which you learn 
first. 

Cross-Compiler 

The cross-compiler is used by the host to generate a. run-time, object 
kernel on the CPU/ 16. It links primitives created by the micro-assembler 
with any required program structures and functions. When finished, a. 
complete image of the RAM and microcode residing on the boards is saved, 
by host functions, to Forth blocks on the system disk. A cold start needs 
to reload the board's binary image from these blocks before beginning to 
use the CPU /16. 

Sea.led Vocabulary 

The cross-compiler maintains a. sea.led vocabulary containing all the 
macro functions currently defined for the board. At the base of this dic
tionary are special cross-compiler words su.ch as IF, ELSE, THEN, ; (colon), 
and ; (semi-colon). After cross-compilation has started, words a.re added 
to this sea.led vocabulary and are cross-compiled. onto the board. When
ever the keyword CROSS•COMPILER is used, any word definitions, constants, 
variables, etc., will be compiled to the board. 

Defining New Commands 

By entering the Forth word { (left brace), the boa.rd'.s cross-compiler 
enters the immediate~execution mode. Any immediate operations will be 
executed from the cross-compiler vocabulary. All words a.re searched for in 
the board's sea.led vocabulary and a.re executed by the boa.rd. 
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START .~. END 

"START .. " and "END" a.re displayed to indicate the start a.lid end of 
each word as it is being cross-compiled. If execution freezes between the 
start a.nd end messages, the execution of a. cross-compiled word from the 
host has failed a.nd the system is hu,ng. Note the screen a.nd item tha.t . 
were loading; then use a. cold start to tesume. The cross-compiler builds 
a. special Forth word on the boa.rd to .execute the desired boa.rd definition, 
then perform a. ffour HALT instruction. Entering the Forth word } · (right 
brace) will leave the boa.rd mode of execution a.nd return to the cross
compiler. No colon definitions or other creation of dictionary entries should 
be performed while between { and }. 

Cu.rrent Limitations 

The curref!.t cross-compiler cannot keep track of the dictionary pointer, 
etc. on the boa.rd if it is out of sync with the cross-compiler's image 
of the board's current kernel dictionary structure. This means that no 
cross-compiling c;>r micro-assembly iiiay be done after the board's MVP
FORTH/16 has altered its dictiona.cy>itn a.ny way. This ca.n be fixed a.t a 
later date by updating the cross-compiler's variables .froin the board after. 
every. boa.rd BYE command. ' · · 

Cross-compiled code should be kept to a. minimum, because it is time
consuming and tricky to write. Affor a. minimal kernel has been generated, 
the board should do a.U fort her Forth compilation. 

Micro-Assembler 

Setting Bit Fields 

The micro-assembler is a. tool to save the programmer from .having to 
set a.H the bits for microcode by ha.nd. It allows the use of mnemonics for 
setting the micro-operation fields in a. micro-instruction a.nd, for the most 
part, a.utoma.tically handles the micro-instruction addressing scheme. 

Caution: writing microcode is not for the fa.int of heart! When using 
microcode, you are directly controlling signals on boa.rd wires. If your 
microcode does not work as expected, you may need to look. at the hardware 
schematics to find the particular design element involved. 

Co-Resident with Cross-Assembler. 

The micro-assembler and cross-compiler a.re co-resident. They share 
routines for the board vocabulary and the sea.led host vocabulary, diction
ary handling, etc. Currently, all" microcode must be defined before the 
board starts altering its dictionary, but this could be changed as discussed 
above. 

·. Micro-Instruction Fields 

In the terminology used here, a micro-instruction is a 32-bit instructio~ 
in microcode, while a.. micro.;opera.tion is formed by one or more microcode 
fields within a. single micro-instruc_tion. Plates 1-4 provide quick reference 
to a.II the micro-instruction fields supported by the· micro-assembler. 
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Relates to Control Lines 

· Because the microcode layout is very horizontal, you can find a direct 
relationship between bit settings and control-line inputs to varfous chips 
on the board. Each field in the 32-bit micro-instruction· format will be 
explained by discussing examples from the kernel's microcode. As with 
most horizontally microcoded machines; as many micro-operations ·as de
sired may take,place at the same time, although some operations don't do 
anything useful when used together. · 

Microcode Deftnition Format 

The micro-assembler h8.!il a few keywords to ID,ake life easier for the 
micro-programmer: 

Defining Microcode 

The word OPCODE: starts a microcode definition .. The input parameter 
is the page number (from 0 to FF hex) in which the opcode resides. For 
example, the word + is opcode 7. This means that whenever the board 
interprets FF07 hex as an opcode, the word + will be executed iii microcode. 
The character string after OPCODE: is the name of tbe opcode that will be 
added to the cross-compiler and board dictionaries. It is the programmer's 
responsibility to ensure that he does not assign two opcodes to the same 
micro-memory page. · · 

The word ; :END signifies the end of the definition of a microcoded prim
itive. Its main purpose is to leave the MICRO-ASS.EMBLER vocabulary 
entered with OPCODE:, and to return to the CROSS-COMPILERvocabulary. 

Current-Page Variable 

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

The word : : (double colon) marks the start. oftbe defin·ition of a micro
instruction. The number before : : must be ·from 0 to 7, and signifies the 
offset from 0 to 7 within the current micro-memory page for that micro
instruction. Micro-instructions may be defined in any order desired. 

The word ; ; (d~uble semi-colon) marks the end of a micro-instruction. 
and stores the micro-instruction into the appropriate location in micro
memory. 

Single-Step Microcode 

If the MICRO-ASSEMBLER vocabulary is en.tered manually by typing 
in MICRO-ASSEMBLER, you may single-step microcoded programs. Use the 
normal : : word to start a micro~instruction definition (the number from 0 
to 7 before : : must still be used, but is ignored). Instead of : ; , use : SET to 
copy the micro-instruction to the MIR. This allows reiding board resources 
to the host with t~e Xal word, or storing board resource values with the X! 
word. Using ;DO instead of ;SET will load the instruction into the MIR and 
cycle the ~oard's clock once. This is an excellent way of ~ingle-stepping 
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microcode. See the board diagnostics for examples on how to use these 
features. 

Terminating Micro-Instructions 

Required Commands 

END and DECODE are the two micro-operations that perform the Forth 
next function. DECODE is always in the next-to•last micro-instruction of a. 
microcoded primitive. It examines the highest 8 bits of the current data 
on the program memory bus (which is being addressed by the program 
counter, and presumably contains the next opcode to be executed). If the 
highest 8 bits are all l's, the opcode is a micro-instruction reference and 
the lowest 8 bits a.re clocked into the MPC. If any of the top 8 bits is a 0, 
the opcode is a colon definition reference and all O's are clocked into MPC 
for a DOCOL reference. 

Program Counter Effects 

Since there is a one-cycle delay between setting the MPC and seeing 
the effects of the new MPC, END is the second ha.If of the next operation and 
must always be placed in the last micro-instruction executed in a primitive 
operation. END increments the PC (program counter) only if a microcoded 
Forth primitive is being referenced by the PC. If a colon definition is being 
referenced, 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 PC's contents before( the PC is incre
mented. This is used by DOCOL to push the return address to the stack, 
and by other Forth words to restore the PC after accessing program mem
ory with data fetches and stores. END also forces a JNP=OOO micro-instruction 
jump. This sets the low-order bits of the next micro-instruction to 0, so 
execution of a microcoded Forth primitive always starts a.t offset 0 within 
the micro-memory page. 

Multiple DECODE and END 

The microcode definition of+ shows that DECODE is in the next-to-la.st 
instruction (which also happens to be the first instruction, in this case). 
and END is in the last instruction. There may be several DECODE and END 
micro-operations in the same microcoded primitive. All that matters is 
that a. DECODE must be executed on the next-to-la.st micro-cycle, and an 
END on the last micro-cycle before the end of the execution path of the 
microcoded primitive. See O< and p+ for examples. 

Microcode Next-Address Generation 

A complete description of the hardware used for next-address genera
tion is in the sections on the MPC, MIR, and micro-memory above. 

25 



Jump to Offset 

The micro-assembler automatically generates an appropriate jump to 
the next sequential offset within a page. This means, if you use a 3 be
fore the : : word, the micro-assembler will assume that the next micro
instruction to be executed is at offset 4 unless you use the JMP= micro
instruction to tell it otherwise. 

Unconditional and Conditional Jumps 

. The JNP= instruction allows you to force a. non-sequential execution (or 
conditional branching, below) simultaneously with other micro-instruction 
operations. A JNP=OOO , JNP--001 , .,; . , JMP=lU command forces an uncon
ditional jump to the offset within the same page specified by the binary 
operand after JMP:::: . For example, JNP=101 would force a. j Ump to offset 5 
for the next micro-cycle. · 

A conditional jump allows jumping to one of two locations, depending 
on the value of one of the 8 condition 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 L 

A conditional jump sets the lowest bit of the next micro-instruction 
address to the value of the condition that was valid at the end of the 
previous micro-cycle. The syntax is JNP--OOS , where "S" can be replaced by 
any of the conditfon.s: CA CB CC CD E, The first two bits are always numeric, 
indicating thetop two binary bits of the jump destination address within 
the micro-memory page. We will use the sign-bit conditional jump as an 
example: JNP=10S would jump to offset 4. within the micro•memory page if 
the sign bit were 0, and to location 5 if it were 1. 

Equal Bit, ALU Carry-out 

Of special note: The equal bit (JMP=xxE ) is l only if all bits of the 
ALU output are 1. Because of hardware timing considerations, the output. 
ofthe ALU must remain unchanged for two clock cycles before the JMP=xxE 
function may be used. Also, the ALU carry-out condition (JMP=xxCA ) is 
inverted, so that the micro-operation JMP=UCA will jump to offset 7 if the 
ALU carry-out is zero, a.nd offset 6 if it is 1. The microcode for O<, <#LOOP>, 
and FILL all provide examples of conditional branching. 

Cross Page Boundaries 

The INC[MPC] micro .. instruction is used to allow a microcoded word 
to use more than a single. page of micro-memory. Looking at FILL in the 
source code as an example, you can see that offset 5 is the next-to-last 
word executed within page 23 of micro-memocy, and that it has an INC[MPC] 
micro-operation. Offset 5 then jumps to offset 3 within the same page. As 
the micro-instruction at offset 3 is being executed,. the incremented MPC 
value is being used as the page address for the next micro:.instruction fetch. 
The jump from offset 3 to offset 0 (JMP=OOO ) sets the bottom three bits 
for use with the incremented MPC.value in fetching page 24's first micro
instruction, which in this case is at offset 0. There must be some sort of 
JMP=xxx specified in the last micro~instruction of a page (executed just after 
the INC[MPC] ), it may be any kind of jump, even a conditional one. 
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Loop on Single Pa.ges · 

The programmer must ma.ke sure a.II microcoded lopping is done within 
the same pa.ge, because there. is no way to decrement the MPC. If this is not 

· possible, however, microcode can be written to implement a. single step of a 
loop, and a. high-level loop may be u~~4, to execute the steps. See <$=STEP> 
for an exC1omple of this technique. 0'"'':': . 

INC[PC) 

Force Program Counter Increment 

This micro-operation unconditionally increments the program counter 
at the end. of the micro-cycle. It must not be used in conjundion with 
DECODE or END • The memoey addressed by the incremented PC value will 
be available in time for use in the very next micro-cycle for a. DECODE in
struction, or within 2 micr~cycles for use with the data. bus. 

Shifting Rules 

Use of OHi and DLO Registers 

The 32-bit shift register formed by OHi a.nd DLO is covered in detail 
in the hardware description. Rules for using the shift oprerations are: Do 
not load and shift the same register in a single clock cycle. OHi and DLO 
a.re completely independent of ea.ch other. Exercise caution when using 
SR[DBI], as the shift.:.in value ca.n tie tricky. 

f 

Stack Pointers 

No-Wait Increment/Decrement 

The 8-bit stack pointers are incremented and decremented at the end 
of the micro-cycle. The value on the stack at· the current pointer location 
may be used in the same clock cycle as an increment or decrement of the 
pointer's value. Th.e stack value at the new pointer location will be ready 
for use in the next micro-cycle. 

Use of OHi 

The kernel microcode keeps the top data. stack element in the DHI 
register, and the DP pointer points to the next element on the data. stack. 

ALU Functions 
( 

Set by Micro-Assembler 

. , Image f3 lists the useable ALU functions. The micro-assembler au• 
tomatica.Hy sets the ALU's ca.rry;.in bit, mode bit, and ALU function. Of 
special interest is the fact that only the A side of the ALU can be incre
mented or decremented. This has special use in EXIT, where the return 
address must be incremented on its way to the PC. 
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. .. . . 

. . : ... . . : .... ·. .· . ·.. . . . .. .. 

' .··, .. . 

. The ALU function ALU=O sets th~ ALU. outputs to a.U O;s. ALU=~t sets .. 

the output to a. two's complementd (all bits se·t.to H· The ALU uses· two's 
complement a.rithmetie. ·.· · · · · · · · 

Tes.t Fla.g Values 

·· ,The OHi register ca.n be tested for true/false flag value,S<bY performing .. ·. · 

a.n ALU=nQtB functi(m followed by a. JMP=xxE micro;.;.opera.tion .. £'.rote that with · 
·. JMP=xxE the ALU=notB must be focluded twice, ~for ?DUP. . 

53 OPCODE: ?DUP ( A --- O I A A ) 
O : : ALU=notB ; ; Test for =O 
1 : : ALU=notB ; ; Test for =O 

. 2 : : · DEC[DP] JMP=10E DECODE ; ; 
( <>O ) 4 • • . .· SOURC£=AtU ALU=B. DESt=DS EHD I • 

( =O). 5 :: INC[DP] END;; 

Source and D~stination Fields. 

Three-State Bus 

· The source· and destination selection fields are used to determine the c 

3-sta.te. bus transmittei; and receiver for a. micro-instruction. . ' . 

One Data. Source at a. Time / 

. Only one source for _the board's data. bus may be specified at a,. thne. · 
The sources MRAMLO and MRAMHI are not useful in Master inode. ·The 
SOURCE= micrO-operatjon enables the output of the desired board resource, 

· and places its data on the board's da.ta bus. · 
. . 

Micro--Cycle Timing 
. . 

The destination micro--~peration, specified by DEsT=, .docks data fo to 

. the designated board ('esources a.t the end of the current micro-cyde; This 
clock'."in takes place before any poiqters; counters, o.- shifters .ha.ve a chance 
to change value./,/ 

. . . 

Limits in Master/Slave Modes 

Using DEST=MPC, DEST~LQ, or DES:I=NMMJII in the master mode will . 
cause your micro-program to dash. These three destinations a.re used only 
in the slave mode, to access micr~meinory. 
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APPEi•fDIX A 

IBM DATA BUS INTERFACE 

Write only 1/0 addresses: (These signals are ignored when the board is in ma.ster 
mode). 

ADDR SIGNAL· FUNCTION 

3EO WRITEO Write low 8 bits from the IBMBUS to BUS and cycle 
clock. (It does not clock MIR contents in from MRAi\I, 
it does place holding register onto high 8 BUS bit). 

3El WRITEl Not used. 

3E2 WRITE2 Write IBMBUS and holding register to MIR(0-15). 

3E3 WRITE3 Write IBMBUS and holding register to MIR( 16-31 ). 

3E40 WRITE4 · Cycle clock on board for on clock cycle. (Do not 
clock MIR contents in from MRAM). 

3E5 WRITES Not used. 

3E6 WRITE6 Not used. 

3E7 WRITE7 Write high 8 bits from IBMBUS to holding register. 

Read only I/O addresses: (These signals work in both ma.ster and slave modes). 

3E8 READO Read low 8 bits from BUS to IBMBUS. 

3E9 READ I Read high 8 bits from BUS tolBMBUS. 

3EA READ2 Read status register toIBMBUS. 

3EB READ3 Halt the board (set MASTER=O). 

3EC READ4 Sta.rt the boa.rd (set MASTER=l). 

3ED READ5 Not used. 

3EE READ6 Not used. 

3EF READ7 Not used. 
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APPENDIX B 

SCHEMATIC PLATES 

SYSTEM BLOCK DIAGRAM 

MICROCODE BIT FORMAT 22-31 

MICROCODE BIT FORMAT 13-21 

MICROCODE BIT FORMAT 8-12 

MICROCODE BIT FORMAT 0- 7 

IBM INTERFACE LOGIC AND DECODING 

CLOCK AND MASTER/SLAVE 

IBM BUS INTERFACE - DATA PATHS 

DLO AND DLI DATA REGISTERS 

ALU[0-7J AND CARRY LOOK:<\HEAD GENERATOR 

ALU[8-15J 

DATA STACK AND DATA STACK POINTER 

RETURN STACK AND RETURN STACK POINTER 

PROGRAM COUNTER AND RAM CHIP SELECT 

RAM/BUS INTERFACE 

EXPANSION RAM 

DECODE MICRO-INSTRUCTION LOGIC 

MICROPROGRAM COUNTER AND CONDITION CODE SELECTOR 

MICROPROGRAM MEMORY & MIR(0-15) 

MICROPROGRAM MEMORY & MIR (16-31) 

SOURCE AND DESTINATION SELECTORS FOR BUS TRANSFERS 

EDGE & RIBBON CABLE INTER-CONNECTS 

:n 

Plat.e 0 

Plate 1 

Plat.e 2 

Plate 3 

Plate 4 

Plate 5 

Plate 6 

Plate i 

Plate 8 

Plate 9 

Plate 10 

Plate 11 

Plate 12 

Plate 13 

Plate 14 

Plate 15 

Plate 16 

Plate 17 

Plate 18 

Plate 19 

Plate '..!O 

Plate 21 



DATA STACK 
(256 X 16 .BITS> 
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0 

STATUS REGISTER 
<8 BITS> 

FORTH BOARD . 
SYSTEM BLOCK D IHGRAl1 · · 
PLATE •0 12 JAN 86 PHIL KOOPMA'l J~. ·. 

LOU. 

LJ<H6 

SC-I->. DATA LO, . 
. . 0 REGISTER .. 

<16 BITS·> 

PROGRAil .. 
. COUflTER .. SAVE 
(16 BITS> . 

iFT IWOUT 

. PROGRAM · CouNTER 
06 BITS> 

PROGRAlfR ·. 
.. 8K X 16 BITS 

<ADDRESSABLE TO '64iO 

LoU · 
16 . 

HIGH: 
16. 

D 

IExT MICRO ADDREss~> 
3 . CONDITIONAL BAANCH . + ' .. 

CONTROL SIGMALS 

PLATE 0: SYSTEM BLOCK DIAGRAM 
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I EIACISCI COND IADDR 1nPJ_DEJ ........ ; .............. _ ............... ,,, .......... ; ............. 1 

BITS 

31 

30 

29 

26-28 

24-25 

23 

22 

CONTENTS I 
I 

. . . I 
END nicraaueebler ~ey•ard: END . <default h no endl I 

Mhen •O, latch 'PCSAVE and conditionally increHnt PC far FORTH NEXT operation I 

NOT - ALU Carry-in o_ =Cy in set. Autoi&ticall.y set. by 1icrous11bler ALU=111 function I . I 
Shift Carry-in nicroass11bler Key1ords: SC=O _SC=I · ldehalt•ll I 
If SC=I, Shift-in ta DHHhi end.l for shift-right is the ALU carrrout fro1. last instruction I 
11 far nan~plus/1inus opsl. St•O forces a zero shift in for curreat AND n11t dock cycles. I 

CONDITION code select for. n11t:1icro~address generation, L~Hst bit I if condition is true. 

VALUE nNEUMNIC FUNCTION 

0 uO Farce 0 
I uCA NOT-Carry•Out of ALU 
2 xxCB Shift-Diit of DH! IShifneftl 
l uCC Shilt..Out of DLO !Shift Rightl 

Nicroasselbler dehult selection 
is-_nO or ul n appropriate ta. 
seli!ct neat 1icro-address after 
the curreat instruction address. 

4 uCD Shift-Out 10! DH! !Shift Rightl 
5 us Sign .bit of ALU outpat . . . 
6 uE EqUil bit of ALU output !AND of all output bi tsl 
7 ul Farce 1 · · · . 

. · Nate: Condition codes are ba(ed on tonditions at the.END of the LAST clock cycle before JNP. J . ' . . . I 
nicro-address constant inputs,: Together ii th CONDITION, this Ions botto1 3 bits of l 
the next 1icro-addrass. niCroass11bhr Keywords: JllP=111 !e.g. JnP•OICA , .JnP=llO I I . . I 

ooo 1 I 001 I I 
... •- The constants fra1 0 ta 7 force a constant li11t addtns. I 110 J. The iicra-ass11bler auto11tically incre1en.ts the current address to get I 
111 ' the next address unless a JnP ca.Hand is used. These are a special case I 

of conditional ju1ps that use conditions codes 0 and 7, 11 
001 1 
Olx •- These are conditional ju1ps. The add/even address selection is 11d1 1t !Ox I by using the condition code selected by the. '1' as the la11st_ address bit 
llx ' · I 

lncreient npc. nicropra9r11 counter is incr11ented at tbii end of .the current cycle 
•hen this bit is O. · · · . . 

nicrusseltiler Key1ard: l.NCl!tl'Cl dehult is no incre-t 

·DECODE bit •. The decade bit, •hen O · perforH the first half a.f the FORTH NEXT 
function !the second half at: the /unction i-s perfornd· bl END> . The next instruction . 

is read fra1 RAn, If the .highest B bits of the data are· a I 11 then the d.ita . 
from RAn is clocked into the llPC and PC is increeented by END 1icrainstructiali reference. l 
Other1ise, NPC is cleared so that DOCOL is executed !high-level definition . 
reference. I · 

I 
nicranst1bler Key1ord1 DECODE default is na decode 

Note: The instruction. after the DECODE instruction li •. e, the 
last instruction executed· in the 1icro-code definition) iust contain ihe
nicroassembler Key•ord: END to- farce a JNP•OOO condition and conditionally 
incr11ent PC. · 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
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PLATE 1: MICROCODE BIT FORMAT 22-31 
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"ICROCODE FORMT: 

I I I I I I 
31 30 29 28 27 26 25 24 23.22121120 19118 17116 15114 13112 11 10 81 1 6 s 41 3 2 1 o1 

1 ............................. IPCI DH! I DLO I RP I DP 1 ...................................... 1 

BITS CONTENTS 

21 lncre1ent PC unconditionilly. This is an independent incre1ent fro1 the one 
used by END, which is a conditional incre1ent. lncruents at end of cloct cycle. 
0 • incruent 1 • no incre1ent 

"icroassubler Keyword: INCCPCJ default is no increaent 

19-20 DHI shift right/left control bits. The shift is acco1plished it the end of the 
clock cycle, illd the resulting dah in DHI uy be used for ALU input in the 
next clock cycle. 

17-18 

15-16 

13-14 

VALUE FUNCTION "i croasonbhr Key1111rd 

load DEST=DHI 
left SLCDHIJ 
right SRCDHll 
nap none - default v;ilue 

DLO shift right/left control bits, The functions irl the saH as bits 19-201 

except the operation is perforud on DLO 

VALUE FUNCTION fticroasse1bler Keyword 

load 
left 
right 
nap 

DEST=DLO 
SLCDLOJ 
SRCDLOJ 
none - default value 

RP incre1ent/decruent control. The incruent/decreeent is it end of current clock cycle. 

VALUE FUNCTION fticroiSSHbler Keyword 

count down 
count up 
nap 
unused 

DECCRPJ 
INCCRPI 
none - default value 

( bit IS • ENB, bit 16 • U/DI 

DP increoentidecruent control. The increoent/decre1ent is it end of current clock cycle. 

VALUE FUNCTION fticronsellbler Keyword 

count down 
count up 
nap 
unused 

DECCDPJ 
!NCCDPJ 
none-default value 

I PLATE 12 12 JAN 86 PHCL KOOPftAN JR. 
'-----·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-' 

PLATE 2: MICROCODE BIT FORMAT 13-21 
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"ICROCODE FORllAT: 

11110 29 28 12126 25 2412122 212011918 1116 1 ~; i4 u112l1110 9 8 1 6 5 41 3 2 1 o1 

l .. ;;.,, .................................................. I n1 ALU FUllCT 1 ....................... 1 

BITS CONTENTS 

12 ALU nODE I see ALU hnctian t.a~le bela1 far 11pli flcatianl 

8-11 ALU FURCTIDll, Selects ALU• function. nicroaiselllller sets "ode and Function tagether. 

nODE FUNCTION KEYWORD nODE FUNCTION KEYMORDIAC-01 KEYllORD IAC•ll ---- ---
·1 0 ALU•notA 0 0 A+I 
I I AnorB ~ 0 I 
I 2 0 2 
I 3 t' 0 l 
I 4 AnandB 0 4 
I 5· natB 0 5' •' 
I 6 A1or8 0 6 A-8-1 A-8 
I 7 0 7 
I 8 0 8 
I 9 A1nor8 0 9 A+B A+B+I 
I 10 B 0 10 
I II AandB 0 II 
I 12 -I 0 12 A+A A+A+I 
I 13 . 0 ' ll 
I 14 AorB 0 14 

-l' 15 A 0 15 A-I 

Mates: The Egual canditlan bit is ut only if all 16 output bits al the ALU are I. 
The Sign condition bit is set only ii bit 15 af the ALU output is I. 

IPLATE 13 12 JAN 86 PHIL KDOPnAN JR •. 

PLATE 3: MICROCODE BIT FORMAT 8-12 
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"ICROCODE FOR"AT: 

131 30 29 2e 121 20 2s 24123 22 21 20 119 u 111011s 14 t3 12111 10 9 el 1 6 s 413 2. 1 ol 
1 ..................................................... ; ................. 1 DEST I SOURCE 

BITS CONTENTS 

4-7 Bus Destination Select. Selected by DEST= key•ords. Dah is clocked into the 
destination at the end of the clack cycle. 

VALUE DESTINATION 

0 unused - default vdue -- bus data is not clocked into any destination 
I DP 
2 DS 
3 RP 
4 RS 
S PC 
6 RAft 
7 DLO 
8 DHI 
9 STATUS 

10 i ftPC 
II t ftRMLO 
12 I "RAftHI 
13 
14 
IS 

(t ="valid in SLAVE 1ode only! 1) 

0-3 Bus Source Select. Selected by SOURCE= key•ords. Data is supplied froa the source 
to the data bus during the clock cycle. The source for the data bus is not allo•ed 
to be the saae as the destination. 

VALUE SOURCE 

0 
I 
2 
3 
4 
s 
Ii 
7 
a 
9 

unused -- default value -- bus data is not read froa any source 
DP 
DS 
RP 
RS 
PCSAVE 
RAft 
OLD 

10 
11 I ftRAftLO 
12 t ftRAftHl 
13 
14 
IS ALU 

(t •valid in SLAVE aode only'!l 

PLATE 4: MICROCODE BIT FORMAT 0-7 
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74LS04 
ri 74LS30 

IBKADDR4>-l-i ~-2-, r-i 

~ ~1~ \ 
I I 

mADDRS>-3-i I 
IB"ADDR6>-H NAND~-8--t----->NOT-SELECT 
IBKADDR7>-5-i I I 
IBMDDRB>-6-i I I 
lBMDDR9>-ll-i I I 74LS04 

I r I ri 
r---"-12-i r '-'---9-i ~-8-t->SELECT 

74LS04 I '--' '-' I 
ri I IC2 !Cl I 

IBMEN>-· 1-i ~-2__. I 
'-' I 
!Cl I 

mma 
,---., 

lBMDDRO>--t-H DO VOo-tS->NOT-NRlTEO 
lBKADDRl>--tt---2-iDl Yto-14_;.>NOHRITEl 
IBKADDR2>-ttt---3-i 02 Y2o-t3->NOT-NR lTE2 

111 I Y3o-t2->NOT-NRITE3 
I 111 6-iSI Y4o-t1->NOT-NR!TE4 
I 111 I Y5o-tO->NOHRITE5 

IBMDDR3> I I II 4-o62A Y6o-'1->NOT-NRITE6 
NOT-IBKION) I 111 5-o62B v7o-7->NOT-NRITE7 

I Ill '----' 
I 111 8-SND 
I 111 16-VCC 

74LS08 I 111 IC7 
ri I Ill 

'-----'1-iA'i I 111 
IN HI--~ Ill 

NOHASTER>-10-iDr' 111 
L..J 111 
IC5 111 

Ill 
Ill 
Ill 
111 74LS138 
Ill r-i 
11 '-'-HDO YOo-15->NOT-READO 
I '---2-iDl vto-14-)NOT-READl 
'---3-iD2 Y2o-tl-tNOT-READ2 

I Y3o-t2->NOT-READ3 

I 
I 
I 

IBMDDRl>----i.-i61 V4o-11->NOT-READ4 · 
I Y5o-tO->NOT-READ5 

NOT-SELECT>---~.· -o62A Y6o-'1-· ->NDT-READ6 
NOT-IBKIOR> S-0628 Y7o-7->NOT-READ7 ....__.. 

8-6ND 
16-YCC 

IC8 

1~------------. 
I FORTH PC-BOARD 
118" INTERFACE LOGIC AND DECODING .I 
!PLATE 15 11 SEP 86 PHIL KOOPMN JR. I 

PLATE 5: IBM INTERFACE LOGIC AND DECODING 
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r-------------------------:----------
1 
I 
I 
I 
I 

tt CLOCK GENERATION CIRCUIT tt 

I 7 4LSOO 7 4LS7 4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I ril1 r->CLK/l r---i 
I MASTERl--13-Wi I I I 
I IN rHl--t---3-i> Qt-s-· -•->CLK/2 
I r-12-tDr' I I I 74LS74 
I I '-' MASTER>---.-HSET I I ,--, 
I I lC9 PULLUPC>-tt--1-oCLR I I I I 

I ,-, I tj~ I I '-----11 ·:P ~9-->CLK/4 
II lBMCLK-1~-tl .:-2-t~ Qo~b-i... ( 

r - l ,...-10-oSET I 
I 
I 
I 
I 
I 
I 

I r--i I 11 I lCll I I ,-13-oCLR I 
I IBMOSC-ll J4 r2-' II I.I I I 
t '--' I I rI2-t D Qo~-, 
I I '---' I 
I I ICll I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTE: JO .. J4 ARE • I' CENTER HEADER JUMPERS 

,...., 
CLK/l>--2i JO rl-, 

'--' I 
,...., I 

CLKl2>-2i Jl H-t ,__, I 
,...., I 

IBM CLOCK 
4. 77HHz 
b. MH: 
8. MHz 

7440 

USE THESE 
JUmRS 
J4,J2 
J3,Jl 
Jl,Jl 

CPU/ 16 CLOCK 
280ns 
333ns 
250ns 

CLK/4>-2i J2 fl-t ri 

I 
I 
.1 
I '--' '-----t 1-t N '1 

r-2-t A t-o-6--, I I 
NOHRITE0>---•-4-tN I I I I 
NOT-WRITE4> 5-\Dr' I I I 

'-' I I I 
IC13 I I 74LSll I 

I I ri I 
I NOT-NRITE0>--1-tA'i I 

I I NOT-WRITW--2-tN t-12->FASTCLK I 
I 13-tDr' I 
I 7440 '-' I 
I ri IClb I 
1-9-tN'i I 
1-,-10-t A ro-e---. >CLK I 
1~12-tN I I I 
'--13-IDr' I I 

'-' I I 
ICl3 I I 

I- I 
I I 
I I 
I I 
I I 

tt MASTER/SLAVE MODE FLIP-FLOP tt I 74LS02 I 
I r-i I 
'--2-liN'i I 

74LS74 10 ro-1--; I 
r---, r·--------3-r'Rr' I I 
I I I '--' I I 

CLKil>--3-t> or-s----.->NOT-MASTER IC14 I I 
i 1 1 mso2 1 

NOT-READ3>--4-oSET I 74LSOO I r-i I 
NOT-READ4>-l--OCLR I ril1 1--2-l-,N'i I 

I I NOT-WR!TE2>-t-l-tA'i 10 r<H->MIRCLKLOI 
!&M-RESET>-2-tD Qo-6->MASTER I IN ro-3---+--3-r'Rr I 

I I '--2-iDr' '--' I 
, _ ___. '-' IC15 I 

IC12 IC9 I 
74LS02 I 

74LSOO r-i I 
rN1 '----S-l-,N'i I 

NOT-WRITE3H-HA'i 10 l'0-4->MIRCLKHI I 
\-----------~---. I IN \-0-6-----;-r'Rr I 
I FORTH Pc-BOARD I '--S-t D r '--' I 
\CLOCK AND MASTER/SLAVE I '-' IC!S I 
\PLATE 16 20 SEP 86 PHIL KOOPMN JR. I lC9 I 
L--------·----

________ ...;_ ______ ~____, 

PLATE 6: CLOCK AND MASTER/SLAVE 
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I ! ..----
I 
I 
I 
I 
I 
I H TRANSCEIVER TD 18" DATA BUS n 
I 
I , 74LS245 

I IB"DATA0>-2~18 
I mDATAl>-3-iAI att--17 I 
I l8MDATA2>-4-iA2 82Ho---.ll 
I l8KDATA3>-5-iA3 83H5--olll 
I l B"DATA4 >-O-i A4 84 t-14----, 1111 
I mDATAS>-7-iAS 851-13--, 11111 
I lBKDATAo>-8-i Ao BoH2--illllll 
I l8KDATA7>-HA7 B71-ll--illlllll 
L I I 11111111 
I NOT-SELECT>-19~0E I 11111111 
I NOT-IBKIOR>-1-i DIR I 11111111 
I 

._____. 
11111111 

I 10-SNO 11111111 
I 20-VCC 1.1111111 
I !C!7 11111111 
I 11111111 
I 11111111 
I 11111111 
I 11111111 
I H HI BUS TD 18ft BUS 11 11111111 n BUS HOL)llNG RESISTER n 
I 11111111 
I 74LS244 11111111 74LS374 
I ,.----, 11111111 ,--, 
I BUS8>-2-i DO QOt-18 1111111• 3-iOO GOH-.>BUS8 

I I 
I BUS9>-4-i DI QI I-lo 11111 l•t---4-i DI QI t-S->BUS9 

~ I 8USIO>-o('i 02 Q2t-14 11111• 7-i02 Q2t-b->BUS10 
I BUSll>--ll"i D3 Q3H2 1111•111 8-iD3 Q3H-· ->BUSll 
I BUSl2>-ll-iD4 Q4H---tttetl II 13-104 Q4t-12->BUSl2 
I 8USl3>-13-iDS QSl-7 11111 . 14-iOS Q5t-1S->BUSl3 
I BUS14>-IS-i0o Qllt-5 . 111111 17-106 Qot-lo-)BUSl4 
I BUS15>-17-i07 Q7t-3 I I 111111 18-i D7 Q71-19->8USIS 
I I I 111111111 I I 
I ,.:.l~OE0-3 I 11111111 r--l~DE I 
I NOT-READ! >-1-1 HDE4-7 I 11111111 1,.-:.IH> I 
I '------' · 11111111 II '------' 

I 10-SND 11111111 II 10-SND 
I 20-VCC 11111111 II 20-VCC 
I 74LSll IC23 11111111 II Im 
I ,..., 11111111 II 
I NOT-WR l TE0>,..-3-i A 'i 11111111 II (_ 
I NOHRITE2>-4-iN. t--0-1 I 
I NOT-WRITE3>-S-i Dr' I NOT-NRITE7> 11111111 I 

I L...J I 11111111 I 
I !Clo I H STATUS RESISTER H 11111111 n LO~ BUS TRANSCEIVER u I 
I 11111111 I 
II 74LS374 11111111 74LS24S - I 
II ,--, 11111111 ,--, I 
11 BUS0>-3-i DO QOH 1111111• 2-iAO 801-18->BUSO I 
II BUSl)-4-iDl QI t-5 111111• 3-iAI Bl l-17->BUSI I 
II BUS2>-H 02 Q2r-o 11111• :::S-iA2 B2t-lb->BUS2 I 
II BUS3>--ll-i03 Q3H 1111• -iA3 B3 t-15->BUS3 I 
II 8US4>-13-104 Q4t-l2--. -tttl b-iA4 B4t-14->BUS4 I 
II BUSS>-IHDS QSt-15 11• HAS BSt-l3->BUSS I 
II BUSo>-lHOb Got-lb -iAb Bbl-12->BUS.b I 
II BUS7>-lB-iD7 Q7t-t9--e 9-iA7 87 l-l l->8US7 I 
11 I I I I I 
II NDT-READ2>-. HOE I r--l9~0E I I 
II rll-i> I NOT-REA.DO> 1-iDIR I I 
II 74LS32 

, ___ . _, 
I 

.______, I 
II ,-, 10-SND I 10-GND I 
I INOT-DESTSTATUSi-2-'i 'i I 20-VCC 74LSOB I 20-VCC I 
II IDRH--' IC27 ,..., I ICIB· I 
II CLKl-l.,.. r' NDT-READOH3-iA'i I I 
II '--' !C3S IN 1-ll--' I 
I l2-iDr' I 
I L...J I 
I FORTH PC-BOARD !CS I 
11 BK BUS INTERFACE - DATA PATHS I I 
I PLATE 17 11 SEP 86 PHIL KOOPMAN JR. I I 

PLATE 7: IBM BUS INTERFACE - DATA PATHS 
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I 
I 
I 
I 1.------------;., 
11 ff DATA LOM REGISTER <DLOl ff 11 

\ II 
I .-------------'I 
11 I 

11 74LS299 
I II ,---.., . 
I • HSO DOl-16-><BUSO 
I l•-.-.-19-iSI DlH-><BUSI 
I "IR29> 18-iSL D2!-IS-><BUS2 
I 11 r-IHSR D3!-S-><BUS3 
I CLK>~-t-12-i > D41714-><BUS4 
I NOT-SRCDLO>--tt+t-tt"'-2-oOEO DS l-6-><BUSS 
I 11 I I I '--3-oOEI D61-13-><BUS6 
I. PULLUPC>---tt-ttt-t--'1-oCLR D7!-7-><BUS7 
I 11 Ill I I QO'l-17->DLOOUT 
I II Ill I I Q7'H--, 
I II Ill I '----' I 
I II II I I 10-SND .1 
I 1.11111 20-YCC I 
I II 111 I IC39 I 

II 
74LSOO 11 
rlh II 

"1Rm~1ft .. -a-1I 
r-10..JD~· I 
I '-' I 
I IClO I 

NOT-DESTDLO>-:-t I 
I I 
1 msoo 1 
I rN1 I 
.__,.12-iA'i I 
. IN f0-11 _,..1 

"IR18>-ll-iDr' ...... 
ICIO 

ff DATA HI REGISTER tDHil ff 

11 111 I I r->DHIROUT 
11 II I '-------1---~ J 
II 111 ..------' •-----'------"---. 
II 111 I I I 
11 111 I 74LS299 I 74198 I 
II 111 I ,---.., I ,---.., I 
'I 111 I HSO DOl-16-><BUS8 I DHID0>-21-iDO Qoi-:-20-1->DHIQO 
'-'ttt-t--19-iSI DI H-><BUS9 I DHIDt>-19-iOl QI 1-18->DH!QI 

111 '--18.-iSL 021-IS-'-><BUSIO I DHID2>-17-iD2 Q21-16->DH!Q2 
111 IHSR Dl!-S-><BUSll I DH!D3>-IS-i03 Qll-14->DH!Ql 
'tt--12-i> D4!-14-><BUSl2 I DH!00--9-i04 Q41-IO->DH!Q4 
l•-2-oOEO DSl-6-><BUS13 I DH!DS>-7-iDS QS!-8->DH!QS 
I '----3-oOEI Do!-13-><BUSl4 I DH!Db>-S-106 Qbl-6->0HIQ6 
'---9-oCLR D7!-7-><BUSIS · I DHID7>-3-i07 Q7H-t->DHIQ7 

I QO' l-17'----..,.. I I I I 
I Q7'!-8----, r---t----~1---l-iSO I I 
'----' ·I I 23-iSI I I 
: iO-GND I 11 I I r---2-iSR I I I 

I 
I 
I 
I 

20-VCC . 224.SL I I 
Im 11 CLK>--H-t-4-11-1 > I I 

11 PULLUPA> I I I I• 13-0CLR I I 

I II 
I I I II '-----' I 
I I I II 12-SNO I 
I I I II 24-VCC I 
I I I 11 IC37 I I II 

I 11 
I I I II r' 
11 h I II 

I II 
I I I 
I II II 1· I II 

1 msoo 11 
I II II 74198 I 
I II II r---i I 

DHIDS>-+tHt--21-iDO QOl-20+>DH!Q8 
OH!D9> I 11 11 19-i DI QI l-18->DHIQ9 

I rN1 II 
I. "IR19>-l-iA'i II 
I IN f0-3•------,--'- I 
I ,--2-;!0r' I 
I I '-' I DH!DIO> I 11 11 17'1D2 Q21-16->DH!QIO 

OHlOll> I 11 11 l5-i03 Qll-14->0H!Qll 
DHIDl2> I II I.I 9-104 Q4 t-10->DH!Ql2 
DH!Dll> I 11 11 7-iDS QS!-8->DHJQ!l 
DH!Dl4> I 11 11 S-iD6 Q61-'6_;.>DH!Ql4 

I I ICIO I 
I NOHESTDHD--t I 
I I I 
I I 74LSOO I 

DH!DIS> I 11 11 3-iD7 Q71-4-t->DH!Ql5 
I II 11 . I I I 
' 11 11 1-iSO I I 

i I . rN1 I 
I '----4-iA'i I 
I IN t-o-O~·------' 

'-r-tt--23•iSI I '-iDHlOUT 
.----~f+--2-iSR I I m20J-----S-iOr' 74LS74 

I '-' ,.---..,.., 
I lClO ALUCOUT>-12-10 I '-tt--22-i SL I 

CLK>-11-i> QH- 't-11-1> I I 
I 
I 
I 
I 
I 

1 I I '--13-oCLR I 
"IR29>-lO-oSET Qo-e----:..i 

PULLUPA>-13-oCLR I 
~ 

IC12 
!FORTH PC-BOARD 
I DLO ANO OH! DATA REGISTERS I 
I PLATE 18 11 SEP 86 PHIL KOOPMN JR. I 

'-----' 
12-GND 
24-VCC 
IC36 

PLATE 8: DLO AND OHi DATA REGISTERS 
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I 
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I. 
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I 

I I 
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n 
·U 

n 
LJ 

0 
.o 

0 
D 

0 

0 

u 

0 

I 
I 
I 
I 
I 
l 

, 
I 
I. 
I 
I 

I 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 

. I 
1-

fl ALU BlTS 0-7 fl 11 ALU TD BUS TRANS"1TTER fl 

>DHIDO 
. >DHIDI 

74LSIBI r->DHID2 74LS244 
r--i . ll I r->DHID3 ~ 

BUS0>---'2-IAO FOl-9 2-IDO QOt-18.,....>BUSO 
.. BUSl>--23-IAI Flt-10 . t -!DI Qll-16-->BUSl 

eum----21;A2 F2t-ll -102 Q2t-14-->8US2 
BUS3>--19-IA3 Flt-13 -1 Dl Ql t-12->BUSl 

I I IHD4 D41-9->BUS4 
DHIQ0)-·-1-110 I · 13-1Ds Q5t-7-)BUS5 
DHIQI>--. 22-181 A•Bt-14-, 11 . . 15-ID6 Ut-5->BUS6 
DHID2>--20-!B2 I I 111 17-ID7 D1t-3-·->BUS7 
DHlQl>--18-183 I I · 1111 . . I ·. . I 

I I I 1111 NDT •SRCALU>-t-l-OOEO-l I ' 
"IRS>--.-· .. ,--"6-150 I I 1111 '-19-oDEM I 
"lR9>-t--5-ISI I I 1111 ......___. 

"1Rl0)--1tt--4-IS2 I I 1111 10-&ND 
"lRll>--eltt-'-l-IS3 I I 1111 20-VCC 

. . . 1111 I COUTt-16- I 1111 1C25 
"1R30> . 1ffic7-oClN Yt-17 I . . 1111 
"IR12>--e-tttt--e-l"ODE X t-15 I 11111111 1, 1j 

. I 1111 ......___. I 
I 1111 12-GND I Ill I II 
I 1111 24-VCC I 1111 II 
I 1111 1C42 I 1'111 · 111 
I 1111 I 1111 
I 1111 I IHI II 
I 1111 I 1111 11 
I 111 I I 1111 11 
I 1111 1111 11 

. I 1111 I 1111 11 
I 1111 I 1111 11 
I 1111 74LSl81 I 1111 II 
I 1111 r-,..-;-, I 1111 II 

BUS4> I 1111 2-!AO FOl-9--t---ettt->DHID4 11 
BUSS> I IM I 23-IAI Fl t-10 tt->DHIDS II 
BUS6>-Httt--21-IA2 F21-ll t->DHID6 11 
BUS7> I 1111 . 19-IAl Fl.t-13 ->DH1117 11 

I Jiii I.. I II 
DHIQ4> I 1111 l-180 I I . II 
DHIQ5> I 1111. 22-181 A•Bt-14--e->ALUA•B 11 
OHIQ6> I ll 11 20-182 I . 11 
DHlm-:-~lB-183 ·I 11 

. I 1111. I I II 
I 111 L...-:-6-ISO I 11 fl CARRY LOOK-AHEAD GENERATOR ti 
I 11 '"----'5-ISI ·. I 11 
I I '--4-162 I 11 
I '"----'-l"'!Sl I 11 74182 
I I . · CDUTt-16- 11 r--i 

·I r-7-oClN Yt-17 •t--HXO CID-12-, 
I I B-l"DDE Xt-15 . 2-IXI CY0-11-t-->ALUCY 

I ._____. ALUX.2> 15-112 CZo-'1-t-->ALUCZ 
I 12-SND Alum I I 6·Ul ,1 ,1 
I 24-VCC I I I 
I IC41 I '--3-IYO I I 
I .___,._,_HY! I I 
I ALUY2> 14-1 Y2 I I 
I ALUYl> 5-!Yl. , Xt-7- I 
I I l I 
I "IRlO> 13-oCIN Yt-10- I 
I ......___. I 
I 8-GND I 
I 16-VCC I 
I 1C40 I 
I I 

IFORTH PC-BOARD . 
.·I A1.UI0-7l AND CARRY LOOKAHEAD 6.ENERATDR I 
I PLATE 19 .11 SEP 86 PHIL KODP"AN JR. I 

PLATE9: ALU,!0-7J AND CARRY LOOKAHEAD GENERATOR 
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r 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I. 
I 
I 
I 
I 

H ALU BITS 8-l5 .H H ALU TO BUS TRANS"1TTER tt 

r->DHIDB 

I r;:::~~~rn!o 74L5181 . 74LS244 
r---i 111 r->DHIDll ,-, 

sum-·-· 2-lAO FOH---·H++-------2-lDO QOl-l8--,}BUS8 
sum-··.-. 23-iAI Fll-10-~ 4-lDI Qll-16->BU59 

BUSI0>-.-2HA2 F21-ll '."102 Q2H4->BUSIO 
BUSll)-· -IHA3 F3t-13 403 .Q3t-12->BUSll 

I I ll-lD4 Q4t-9-. >8US12 
DHIQB)-·-. 1~1eo I I 13-lDS QSt-7-)BUSll 
DHIQ9>--22-i81 A=Bt-14---,, 11 IS-106 Q6t-S->BUSl4 

DHIQIO>--· 20-182 I I 111 17-107 Q71-3-· >BU515 
DHIQll>-· -IB-183 I I 1111 I I 

I I I 1111 NDT-SRCALU>-e-1-oDEN I 
"lRB>~--li-lSO I I 1111 '-19-0DE4-7 I 
"IR9>~t--S-1SI I I 1111 '----"""'· 

"IRIO>----ett--4-152 I I . 1111 10-SND 
"IRll>-•ttt-3-153 I I 1111 20-vcc 

1111 I COUTt-16- I 1111 IC24 
ALUCY> . 1111 7-<>C!.N Yl-17 · 1 1111 1 
"1Rl2>_.~-l"ODE lt-15 I 1111 ii 

I 1111 '----' I 1111 · II 
I 1111 IHND I 1111 1 '-->A.LUY2 
I 1111 24-VCC I 1111 '-->ALUl2 
I 1111 Im I 1111 
I 1111 I 1111 
I 1111 I 1111 
I 1111 I I Ill 
I 1111 I 1111 
I 1111 I 1111 
I 1111 I 1111 
I 1111 I 1111 
1. 1111 74LSl81 I 1111 
11111· ,-, ·I 1111 

BU512> I 1111 .2-lAO FOt-9 ttt->DHID12 
ausm I 1111 23-jAI Flt-lO . tt-->DHIDl3 . 
BU514>-'Httr-21-1A2 F21-ll . t-->DHID14 
BUS15> I 1111 19-iA3 F3H3 . >DH!DlS 

I I Ill . I I 
DHIQ12> I 1111 1-l BO I I 
DHIQll> I 1111 22-181 A•Bt-l4-,-e 
DHIQl4>-:Httt--20-l 82 I I 
DHIQIS> I 1111 18-183 I I 

I 1111 I . I '------~-----><ALUA=B 
I 1111....-..6-iSO I I NOTE: GOES .TO PULL-UP RESISTOR I 
111~5-iSl I 
1 l~-152 I 
I '---3-l 53 I 
I I COUTl"-l6-·-.-. >ALUCDUT 

ALUCZ>--'i--......... -7-<>CIN Y r17-.->ALUY3 
'-----!;-j"ODE .x1-1s-.--}ALUX3 
~ 

l2-6ND 
24-VCC 

. IC44 

1-~--------~-. 
I FORTH PC-BOARD I . 
IALUCB-151 I 
!PLATE ltO ll SEP 86 PHIL KOOPMN JR. I 

PLATE 10: ALU[8-15I 
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: I 

I ! 1 __ _J 

I 
I 
I 
I 

I 
I 

tt DATA STACK POINTER n H DATA STACK RA" n 

I 74LSlb9A 2048~ RA" 

I BUS0>-3-iDO QOl-141---~1---8-lAO 001-9-. ><8USO 
I BUSl>-4-iDl Qll-13 7-iAl DlHO-><BUSl 
I BUS2>-S-iD2 Q2H2 o;A2 D21-ll-><BUS2 
I BUS3>-b-iD3 Q31-ll S-iA3 D31-ll-><BUS3 
I I I HA4 D41-14.,-><BUS4 
I NOT-DESTDP>----e:---9-oLOAD I 3-iAS DSHS-><BUSS 
I "IR13>--t HUP I r+tttt 2-iAb Dbl-lo-:-><BUSb 
I 11 rlO-oENB T I rttttttt----l-iA7 D7H7-><BUS7 

-l MIR14>--tll • 7-oENB P I 11111111 r-23-iA8 I 
I CLK>--1 2-i> COUT0-15-, 11111111 6ND-22-iA9 I 
I 1111 '----' I 11111111 '-19-iAlO I 
I 1111 8-GND I 11111111 I I 
I 1111 lb-YCC I 11111111 r-20-oOE I 
I 1111 11 I 11111111 lr-21-oNE I 
I 1111 I 11111111 11 r-18-oCE I 
I 1111 I 11111111 II GND '--' 
I 1111 I 11111111 11 12-SND 
I 1111 I 111.11111 II 24-VCC 
I 1111 I 11111111 II 13 
I 1111 I 11111111 II 
I 1111 llHHll 11 
I 11111 11111111 II 
I 11111 11111111 11 
I 11111 74LSlb9A 11111111 11 204818 STATIC RA" 
I 11111 .---, 11111111 II r--i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11111 BUS4>-3-iDO QOl-14 111•111• 11 8-iAO DOl-9-·-><BUSB 
11111 BUSS)-4-iDl QI 1-13--tt•l ll•I 11 7-iAl DI l-lO-><BUS9 
11111 BUSb/-S-iD2 Q21-12~111•11 II 4-lA2 D21-11-><BUS10 
11111 BUS7>-0-iD3 Q31-ll---tl 11•1 II 11 5-iA3 D3H3-><BUS11 
11111 I I 111•1111 II 4-iA4 D41-14-><BUS12 
Ill -oLOAD I 11•11111 11 3-iAS DSl-1S-><BUS13 
II 1-iUP I l•ttttll 11 2-iA4 D41-lb-><BUS14 
II 10-oENB T I •1111111 11 l-iA7 D71-17-><BUS1S 
I 7-oENB P I 11111111 11 r-23-i AB I 
' 2-i > COUTO-IS- 11111111 11 6ND-22-iA9 I 

'----' 11111111 11 '-19-iAlO I 
8-GND 11111111 II I I 

lb-VCC I 11111111 •t--20-00E I 
12 11 11111111 I 21-0NE I 

II 11111111 r-18-0CE I 
NOT-SRCDS):----' I 11111111 GND '--' 

I 11111111 12-GND 
I 11111111 24-VCC 

74LS32 I 11111111 14 
11 I 11111111 

NOT-DESTDS>-. l ..4i 'i I 11111111 
IORl-3---' 11111111 11 BUFFER TO ROUTE DATA STACK 

FASTCLK>-2-r r' 11111111 POINTER TO BUS tt 

'--' 11111111 
lb 11111111 

11111111 74LS244 
11111111 r--i 
1111111 '----2-iDO QOt-18->BUSO 
111111 -iDl QI 1-lb->BUSl 
11111 li-iD2 Q2H4->BUS2 
1111 ..JD3 Q3H2->BUS3 
111 lH 04 Q41-9->BUS4 
11 13-iDS QSl-7->BUSS 
I 15-i Db Qli t-S->BUSli 
'-----17-iD7 Q71-3->BUS7 

I I 
rl-oOE0-3 I 

NOT-SRCDP>------1-19-oOEH I 
'----' 

1------------'---. 10-GND 
20-VCC 
15 !FORTH PC-BOARD 

IDATA .STACK AND DATA STACK POINTER I 
!PLATE Ill 11 SEP Bo PHIL KOOPMAN JR. I 

PLATE 11: DATA STACK AND DATA STACK POINTER 
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r~~~---~---~----~-~--;__-----------~ 
I 
I 
I 
I 
I 
I 
I 

fl RETURN STACK POINTER fl tt RETURN STACK RAn tt 

I 74LS1b9A 2048x8 STATIC RA" 
I ,......---, ,......---, 
I BUS0>-3-iDO GOt-14----•----ti-iAO DOt-9-><BUSO 
I BUSl>-4-iDI Qlt-13 7-iAI DIHO--><BUSI 
I BUS2>-S-1D2 Q2H2 b-1A2 02t-11-><BUS2 
I 8US3>-b-1D3 Q31-ll t S-1A3 D31-l3-><BUS3 
I I I rllll 4-iA4 D4t-14-><BUS4 
I NOT-DESTRP>--t---9-oLOAD I ti 1.111 3-iAS OSHS-><BUSS 
I nIRIS)-t HUP I rttl 111 2-iAb D61-lb-><BUS6 
I 11 rlO....,ENB T I 11111111 HA7 D7t-17-><BUS7 
L nIRlb/-tl I t 7--0ENB P I 11111111 r-23-iAB I 
f CLK>-ttt 2-i} COUTo-15-, 11111111 GND-22-iA9 I 
I 1111 "---' I 11111111 '-19-iAlO I 
I 1111 8-GND I 11111111 I I 
I 1111 lb-VCC I 11111111 r--20....,0E I 
I 1111 17 I 11111111 lr--2HllE I 
I 1111 I 11111111 11 r-18....,CE I 
I 1111 I 11111111 II GND "---' 
I 1111 I 11.111111 11 12.-SND 
I 1111 I 11111111 II 24-VCC 
I 1111 I 11111111 11 IC9 
I 1111 I 11111111 11 
I 1111 11111111 11 
I 11111 11111111 11 
I 11111 11111111 II 
I 11111 74LS1b9A 11111111 11 2048x8 STATIC RAn 
I 11111 ,......---, 11111111 II ,......---, 
I 11111 8US4>-3-iDO QOt-14 111•111• II 9-iAO DOl-9-><BUSS 
I 11111 BUSS>--4-iOI ~11-13--tttlll•t--tt--HAI Dll-10-><BUS9 
I 11111 8USb>-5-iD2 Q21-12---ttl 11•1 I 11 b-1A2 021-11-><BUSIO 
I 11111 BUS7>..;....b-;D3 Q31-ll---.l 11•11 I II 5-iA3 03H3-><BUS11 
I 11111 I I 111•1111 II 4-iA4 D41-14-><BUSl2 
I Ill -OLOAD I 11•11111. 11 HAS 051-15-><BUSl3 
I II 1-iUP I 1•111111 11 2-iAb Dbl-lb-><BUS14 
I 11 IO-oENB T I •1111111 11 1-iA7 071-17-><BUSIS 
I I 7--0ENB P I 11111111 11 r-23-i AB I 
I 2-i > COUTO-IS· 11111111 11 SND-22-i A9 I 
I "---' 11111111 11 '-19-iAIO I 
I 8-SND 11111111 11 I I 
I lb-VCC 11111111 •t--20-oOE I 
I 18 \, 11111111 •-2HNE I 
I II 11111111 r-IHCE I 
I NOT-SRCRS>,---' I 11111111 SND "---' 
I I 11111111 12-SND 
I I 11111111 24-VCC 
I 74LS32 I 11111111 ICIO 
I r-i I 11111111 
I NOT-DESTRS>-1.-, 'i I 11111111 
I IORl-3---' 1.1111111 fl BUFFER TO ROUTE RETURN STACK 
I FASTCLK>-2"T' r' 11111111 POINTER TO BUS fl 

I '-' 11111111 
I 112 11111111 
I 11111111 74LS244 
I 11111111 ,----., 
I 1111111.__--:2-iDO QOl-18->BUSO 
I 111111 -i DI QI t-16->BUSl 
I 1111.1 H02 Q21-14->BUS2 
I 1111 -i D3 Q3 l-12->BUS3 
I 111 IHD4 Q41-9->BU54 
I 11 13-i OS QS t-7->BUSS 
I I 15-i Db QbH-· ->BU56 
I 17-i07 Q7t-3->BUS7 
I I I 
I r-HOEO-l- I 
I NOT-SRCRP>------o-19-oOEH I 
I '----' 
I 
I 
I FORTH PC-BOARD 
I RETURN mCK AND RETURN STACK POINTER I 
I PLATE 112 · II SEP Sb . PHIL KOOPnAH JR. I 

10-SND 
20-VCC 
~Cll 

PLATE 12: RETURN STACK AND RETURN STACK POINTER 
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I 
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I 
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I 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

tt PROSRAft COUNTER H 

74L5169A 

ff PCSAVE RESISTER u 

msm 
,---, r----1 

OHIDO> HOO QOt-14 l-tDO QOt-2-)BUSO 
DHIDI> . -t DI QI t-13 t---4-101 QI t-5->BUSl 
DHID2> 5~02 Q2Fl2 !I 7-lD2 Q2~-.-.. >BUS2 
OHl03) 6 03 Ql 11 '.;,;Q•e••' t a-m Ql 9-. >BUSl 

dt 13-tD4 Q4 12->BUS4 
NOT-DESTPC>--t--.,--9-oLOAD I 111111 14-tDS QSt-IS->BUSS 

PULLUPB>--tt--HUP I ii 111.11 17-tD6 Q6t-16->BU56 
11 r-7-oENB P I rttttll I IB-iD7 Q7t-19->BU57 

NOT-INCPC>-ttt-e-lO-oENB T I 111t1111 I I 
CLK>-ttt---2-t > COUTQ-151 NOT-SRCPCSAVE> 11111111 • HOE I 

1111 .._, I I 11111111 •t-IH> I 
1111 8-GND I 74LS02 I 11111111 11 .......___, . 
1111 16-VCC I n I 11111111 11 10-SND 
1111 IC45 I CLK>-6-'iN'i I .11111111 II 20-VCC 
1111 I 0 i'O+-' 11111111 11 IC29 
1111 I "IRll>-5-r'Rr 11111.111 11 
1111 I 74L5169A '-' 11111111 11 
1111 I ,---, ICH 11111111 II 

DHID4> 1111 I 3-tDO QOt-14 1111 11 
DHIDS>-tttt-t-H DI QI t-13 11111 11 
OHID6> 1111 I · HD2 Q2H2 111111 11 
DHID7> 1111 I. 6·iD3 Qlt-11 1111111 11 

1111 I I I 11111111 II msm 
111•+-HLOAD I 11111111 11 r----i 
ll•t-t-HUP I 1'1111111 11 3-tDO QOH->BUSB 
l•tt-t-HENB P I ... rttttttlll II 4-tOI Qlt-5->BUS9 
1111 1.....10-oENB T I .i•·lcqllllllllll II 7-tD2 Q2H-.·->BuSIO 
•ttt---2-t > CDUTQ-15-i rtttt 1111111 11 B-tD3 Q3t-9->BUS1l 
1111 '"-' I illllllllllll II 13-ID4 Q4t-12->BUSl2 
1111 8-GND I rttttttttlllll 11 IHDS Q5t-IS->BUSl3 
1111 16-VCC I rtttttttl 111111 tt-17-106 Q6t-16-'->BUSH 
1111 IC46 I rttlllllllllllll 11 18-t0.7 Q7t-19->BUSl5 
1111 1111111111111111 11 I I 
1111 I 1111111111111111 l'--1-oOE I 
1111 I 74LSl69A 1111111II1111111 '--11-1 > I 
1111 I ,---, 1111111111111111 '"-' 

OHIDS> 1111 I 3-tDO Q0!-14 1111111•11111111 10-SND · 
DHID9> 1111 I HDI Qlt-13 ttftttl 11111111 20-VCC 

OHIOIO> 11111 5-102 Q2!-12 11111•1111111111 IC28 
OHIDll>-tttH-6-tD3 Q3t-11 1111•11111111111 

1111 I I I 111111111111111'---...,-)RAMODRO 
111•-t-9-oLDAD I 11111111111111 >RAMDORI 
ll•t-t-HUP I .1111111111111 >RAMDDR2 
I •t+-t-HENB P I 111111111111 >RAMDDR3 
1111 1.....10-oENB T I 11111111111 >RAftADDR4 
•ttt--2-t > COUTHS-i 1111111111 >RAnADDR5 
1111 '"-' I 111H1111 >RAMDDR6 
1111 S-SND I 11111111 >RMADDR7 
1111 16-VCC I 1111111 >RAMDDRB 
1111 IC47 I 111111 >RAftADDR9 
1111 11111 }RAftADDRIO 
1111 I 1111 >RAftADDRI I 
1111 I 74LSlm 111 >RAftADDRl2 
1111 I ,----.., 1111 

DH! DI 2>--tttH-3-t DO QO t-141----+l+' 
DHIDl3>-tttt-t--HDI a11-u:----M 
OH!Ol4>--ttt+-t-5-i02 Q2t-12---_...I 
DHIDIS> 1111 I· 6-tD3 Qll-ll II 

1111 I I I 111 
111-+-9-oLOAD I ll'-------->RAftADDRl3 
11 '-t-HUP I I >RAftAODRl4 
1 '--t--HENB P I >RAftADDRIS 
I . 1.....10-oENB T I 
'--'--'--2-t > COUTQ-15-......__, 

8-SND 
16-VCC 
rm 

1-----------~ IFORTH PC-BOARD 
I PROGRA" COUNTER AND RA" CHIP SELECT I 
!PLATE 113 11 SEP 86 PHIL KOOPMN JR. I 

PLATE 13: PROGRAM COUNTER AND RAM CHIP SELECT 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' r-1 
NOT-DESTRA">-1-'i ., 

tt RA"/BUS INTERFACE u 

74LS245 

RAffDATA0>---~---"2-i~HB-><8USO 
RAKDATAI>. l-iAI 811-17-><BUSI 
RAffDATA2> -iA2 82!-lb-)<BUS2 

~:~mm ~~~ ~~~u=;~:m 
RA"DATAS> 7-iAS BS!-13"-><BUSS 
RAKDATAb> -iAb Bbt-12-><BUSb 
RA"DATA7> -iA7 87t-11->(BUS7 

I I 

SRC-RAK>-----·t=:r~~iR 1 

74LSI I 
n 

.NOT-SRCRA">-2-i A., 

II '---' 
11 IO•&ND 
11 20-VCC 
11 131 
II 
11 
II 
II 
I.I 
II 
II 
II 

NOT-DESTRA">-· 1-iN 1-12-----+e 
NDT-DES1"PCl-13-iDr' 11 

._, II 
m II i4LS245 

II ,----, 
RA"DATAB>-----ir-:~AO 8ml8-><8USB 

RA"DATA9> .j 3 I 81 17-><BUS9 I 
RAnOATAIO> · · 4 A2 82 lb-><BUSIO 
RA"DATAll> ;-i Al 831-15--'HBUSI I 
RA"DATAl2> .-iA4 84t-14-><8USl2 
RA"OATAl3> 7-iAS 8St-13-><BUSl3 
RAKDATAl4> :-iAb Bbt-12-><BUSl4 
RAffDATAIS> "-iA7 871-11-><BUSIS 

II I I 
l~OE I 
'---'-1 DIR I .___. 

10-GND · 
20-VCC 
m 

I OR t-3->NOT-RA."NE 
CLK>-2-r' r' .._. 

m 

!----~----~--~ 
I FORTH PC-BOARD 
I RA"'8US INTERFACE 
IPL~TE 114 20 SEP 86 
' . 

PLATE 14: RAM/BUS INTERFACE 
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D 

I I 
r-
I u I 
I 
I 
I 
I 
I 

I 
I 74LS244 8096x8 STATIC RA" 
I r--, r--, 
I RAmDR0>---2-tDO QOl-18 10-iAO DO l-11->(RAftDATAO 
I RAHADDRt> -tDI QI l-16 !--9-tAI DI t-12-><RAMOATAI 
I RAMADDR2> -tD2 021-14 tt-'8-tA2 D2 l-ll-'-)<RAMDATA2 
I RAHADDR3>---8-t D3 Q31-12 t+t----7-t Al D3t-15-><RAftDATA3 
I RAHAODR4>---l H 04 041-9 . tttt+---,6-t A4 D4t-16-><RAMDATA4 
I RAHADDR5>---13-t D5 Q5H ttttt--5-t AS D51-17-><RAftDATA5 
I RAMADDR6)-. --15-106 061-S 111111 HA6 06l-18-><RAHDATA6 
r RAHADDR7>---17~iD7 Q71-3 ttttttt-'3-iA7 D7t-l9-><RAftDATA7 
I I I ill\11111 25-tAS I 
I GND>-t-HOE0-3 I "11111111 2HA9 I 
I '--I 9-<>0E4-7 I "111111111 21-tAIO I 
I ..__;____, rl 1111111111 23-t All I 
I 10-SNO illllllll\111 2-tAl2 I 
I 20-VCC rttttttttttttt-26-J CE2 I 

~I 
I 115 ii 11111111111 I I 22-<>0E I 
I rttttttttttttttt-27-ollE I (\ 

I ii I I I I I 111 I I I I I I I 20-oCEI I I 
I 11111111111111111 '-----' I 
I 74LS244 11111111111111111 14-SND I 
I ,---, \l\lll\\\\l\11111 28-VCC I 
I RAftAODR8>---2-tDO 001-18 11111I11•1I111111 113/ 17 /19/21123/25/27129 I 
I RAftADOR9>---HDI QI l-16 11I11I1•11 I I I I I I I I 
I RAMAOORIO>---HD2 021-14 I I.I II 1•11111 II II I I 
I RAHADORll) -tD3 Q3 l-12 11111•1I11II11111 I 
I RAMADDRl2>---IHD4 · Q41-9 111i•IIIIII11 I I I I I 
I -13-t DS QSH- 11111111111111111 I 
I DESTRAM)---15-tD6 Q6t-S--tt41 I II I II I I II I 11 8096x8 STATIC RAn I 
I NOT-RAnm-.--17-t 07 071-3--'-----tl\ I I I I 111I111111 r--, I 
I I I 1111111I111I1111 '--IO-tAO DO 1-11-)( RAftDATA8 I 
I GNDi-t-HOE0-3 I Ill I II 1111 II II I '--9-tAI DI t-12-><RAMDATA9 I 
I '--19-oOE4-7 I ll\l\ll\llllU'-lHA2 021-13-'-><RAftDATAIO I 
I '-----' ll\l\l\\l\lll.........,_,_HA3 03 l-15-><RAftDAlAI I I 
I 10-GNO 11IIIII11 I I I '----li-tA4 D41-16-><RAMDATAl2 I 
I 20-VCC 111 I IHI II J ......._5-tAS D51-17-><RmATAl3 I 
I 135 111IIIII11 -tA6 D61-18-><RAHOATAl4 I 
I II 11 I Ill I .._._-3-tA7 071-19-><RAftOATAIS I 
I II i 11111 25-tAB I I 
I 11111 I I 2HA9 I I 
I 111 ~\I 21-tAIO I I 
I 11111 23-tAll I I 
I 1111 2-tAl2 I I 
I VCC--4. 7K> 111 • 26-JCE2 I .\ 
I II 22-oOE I I 
I I'- 2HllE I I 
I RAftCHIPx>----1 20-<>CEI I I 
I '-----' I 
I 14-SND I 
I 28•VCC I 
I RAHCH!Px l 14/ 18/20/22/24/26/28/30 I 
I I 
I ' MEMORY ADDRESS IC I'S I 
I - __ ................................ 745138 I 
I Q OK 1.3/14 ,.---, I ., I SK· 17/19 RAHAOORl3>--l-tDO YOO-IS->RAnCHIPO I 
I 2 l6K 19/20 RAMADDR14>-2-t 0 I YI0-14->RAMCHIPI I 
I 

., m 2t/22 RAftADDRIS)-.3-t 02 Y2o-13->RAftCHIP2 I ; 

I 4 32K 23/24 I Y3o-l 2->RAMCHIP3 I 
I s 40K . 25/26 VCC--4. 7K>--6-t61 Y4o~l 1->RAMCHIP4 I 
I 0 48K 27128 I YSHO->RAMCHIP5 I 

r I 7 S6K 29/30 r-4-o62A . Y6o-'l-)RAMCHIP6 I 

J 
I GND>-~-S-0628 Y7o-7->RAMCHIP7 I 
I '-----' I 
I 8-SND I 
I 16-VCC I 
I FORTH PCBOARO 116 I 
!EXPANSION RAM I 
\PLATE 115 20 SEP 86 PH IL KOOPMAN JR, I 
I, 

PLATE 15: EXPANSION RAM 
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,----
I 

~. 

I 
I r>HIRA"QNE>-, 
I I I 
I I I 
I I I 74LS02 
I I I r-i 

I 74LS30 I r-:~_.,N, I RA"DATAS>--1-fl, I 2>---e,.l~ . -10~ 
I RAHDATAn--2-i ., I I ..... I 
I RAHDATAl0>--3-i M I I I IC15 I 
I RA"DATAll>-·-H A to-8-' I I 
I RAMATA12>--· 5-i M I I I 74LSOS 
I RA"DATAl3>--H D I I I ri 

I RAHDATAl4}-.. -ll-i r' I t-12-iA'i 
I RA"DATA15>-12-i r' I I IN 1-11->"PCDO 
~ '-' I RA"DATAO> 13-iDr' 
I 134 I I ..... 
I I I !C4 
I I 
I I I 74LS08 
I I I ri 

I I •~-iA'i 

I I I IN 1-8->"PCDl 
I I 74LS02 RA"DATAI > 10-!Dr' 
I I r-i 74LS04 I '-' 

I '---11_.,N'i ri I IC4 
I IQ to-13 3-i to+'"! I 
I "IR31>-12-r'Rr' ..... I I 74LS08 
I ..... !CO I I ri 

I IC15 I •--4-iA'i ~· 

I I I IN !-4->"PCD2 f 

I I RA"DATA2> 5-iDr' 
I I ..... 
I I I 1C4 
I I I 
I I I 74LS08 
I I I ri 

I I 74LS08 t--1-lA'i 
I I ,.., I IN l-3->"PCD3 
I 1---'HA'i RA"OATA3> 2-iDr' 
I IN 1-8->NDT·!NCPC I ..... 
I "IRZl>-10-!Dr' I IC4 
I '-' I 
I !Cb I · 74LSOB 

i~-, 

I I ri 

I •-12-iA'i 
I I IN 1-ll~>"PCD4 
I RA"DATA4> 13-!Dr' 
I I '-' 

I I IC3 
I I 
I I 74LSOB 
I I ri 

I .--9-iA'i 
I I IN l-8->KPC05 

I RA"OATA5> 10-iDr' 
I I ..... 
I I IC3 
I I 
I I 74LSOB 
I I ,.., 
I t--4-iA'i 
I I IN 1-4->"PCDb 
I RA"DATAb> 5-iDr' 
I I '-' 

I I IC3 
I I 
I I 74LSOS 
I I ri 

I '---1-iA'i 
I IN 1-3->"PCD7 
I RA"DATA7> 2-i Dr' 
I 

'-' 

I FORTH PC-BOARD IC3 
I DECODE "ICRO-INSTRUCTlQN LOGIC I 
!PLATE llb 11 SEP Sb PHIL KQOP"AN JR. I 

PLATE 16: DECODE MICRO-INSTRUCTION LOGIC 
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L 

I 
I 
I 
I 
I 
I 
I 

I 

ff "ICRO-PR06RA" COUNTER ff 

74LSl6'A 
;----, 

"PCD0>·-----3'."!DO QOt-14->"ADDRl 
"PCDI> 4-tDI QI t-ll->"ADDR4 

74LS08 "PCD2> 5-tD2 02t-12->"ADDR5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n "PCDl> -tD3 Qlt-11->"ADDR6 
NOT-DEmPC>-12-tA'i I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

IN t-11-------9~LOAD I 
"IR22>-13-tDr' PULLUPB>--t~l-tUP I 

L-1 . 11 r--IO~ENB T I 
IC6 "IR23)--t II I 7~EN8 p I 

CLK>_.I 11 2-t> COUT0-15~ 
II II '----' I 
II 11 8-6ND I 
11 11 16-YCC I 
11 11 ICSO I 
II II I 
11~---------' 

11111 
11111 
11111 74LSl69A 
11111 r---1 

"PCD4> 11111 3-tDO QOt-14->"ADDR7 
"PCDS> 11111 4-l DI QI t-13->"ADDRB 
"PCD6> 11111 S-tD2 Q2t-12->MDDR9 
"PCD7> 11111 6-tD3 Qlt-11->MDDRIO 

11111 I I 
I II I '----'!~LOAD I 
Ill HUP I 
11 IO~ENB T I 
I HENB P I 
'-----'2-t > COUTo-15-._____, 

8-6ND 
16-YCC 
IC49 

"IR24>--· >MDDRI 
~IR25>-->MDDR2 

u CONDITION CODE REGISTER tt tt CONDITION CODE SELECTOR u 

msm msm 
;----, ;----, 

GND>--3-tDO QOt-2-~--~-""'-tDO I 
ALUCOUT>-4-tDI Qlt-S 3-tDI I 
DH!OUT>--7-tD2 02H 2-tD2 Yt-5--llADDRO 
DLOOUT>---8-tD3 Qlt-9 l-tD3 I 

DHIROUT>--ll-tD4 04t-12 15-tD4 Wo-6-
DHID1S)--IHD5 951-15 IHD5 I 
ALUA=B>--17-lD6 Q6t-16 ll-tD6 I 

PULLUPB>--lB-tD7 071-19 l2-tD7 I 
I I I I 

GND>--HOE I "IR26>-lHSO I 
CLK>--IH> I "IR27>-IO-tSI I 

'-------' "IR28>-9-tS2 I 
lO-GND 
20-VCC 
IC30 

GND>--HENB I 
'----' 

8-SND 
16-YCC 
IC51 

!FORTH PC-BOARD I 
1"1CROPROGRA" COUNTER AND CONDITION CODE SELECTOR I 
IPLATE 117 ll SEP 86 PHIL KOOP"AN JR. I 

PLATE 17: MICROPROGRAM COUNTER AND CONDITION CODE SELECTOR 
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I 74LS02 
I ,-, 74LS04 
I NOT-DESTftRAftL0>-8-'iN"i n 
I . ID r>-10--'1-i r>~--, 
I CLK>-+r'Rr' ..... !CO I 
I '-' 

Ii ftlCRO-RAH TO BUS TRANSCEIVER MS 11 

I ICl4 · I 11 ft!CRO-RAll BITS MS 

I
I j 2048x8 STATIC RAft 74LS245 

ftADDRO> t-8~1-'1'--'--'-=-_..., 2~t-18-><BUSO 
I ftADDRI) . tt---7-iAI Dlt-lO t--3'-lAl Blt-17-><BUSI 
I ftADDR2> ttt-HA2 · D2HI tt--HA2 B2t-16-><BUS2 
I ftADDRl> tttt--S"'iAl D3t-13 ttt-51Al Blt-IS---><BUS3 
I ftADOR4>....,....-..-.ttt+tt-4'1A4 D4t-l4 tttt--6"'iA4 B4t-14-><BUS4 

· 1 .HADDRS>----tt+tttt-l"'iAS DS.t-IS ttttt-7"'iA5 BSt-13-><BUSS 
I . HADDR6>-----ettttttt-2"'iA6 D6H6. tttttt-81A6 B6t-12-><BUS6 
I HADDR7>-ttttttttt--HA7 D7t-17 ttttttt-9"'iA7 87t-ll'"""'."><BUS7 
i HADDR8>-lllllllll · 2l"'iA8 I 11111111 I I 
I ftADDR9>~tttttttttt-22"'iA9 I t 11111111 19~0E I II .ft!CRO INSTRUCTION 
I MDDRIO>-tl 1111111111 19-'iAIO I ti 11111111 l"'iDIR I REGISTER. t0-15) 11 
I 111111111111 I I II 11111111 ._____.._. 
I rltHI 1111111 20-oOE I' 11 11111111 10~6ND 
I ti 111111111.11• 2.1-oWE I II 11111111 20-VCC 74LS374 
I 6ND>-i1J 11111111111 18-oCE I 1111111111 ICl9 r--"-1 
I 111 11111111111 '------' 11 1111111 3-'i oo QO.t-2-mRo 
I Ill 11111111111 12-GND 11 111111'-------4"101 Qlt-S->ftlRI 
I Ill 11111111111 24-VCC 11 11111 . 7"102 Q2t-6-·>nIR2 
I Ill 11111111111 IC52 II 1111 "'iDl Q3t-'l->ft1Rl 
I 111 11111111111 11 I II IHD4 Q4t-l2->ftIR4 
I Ill 11111111111 1111 IHDS . QSt-IS-'/ftlRS 
I Ill 11111111111 II I 17"106 Q6t-16->ftlR6 
I 11111111111111 SRCftRAftl.0) I 18107 Q7~19->ft1R7 

I \1111\\1\\\\\I GND> 11 1-ooe 1 
I Ill 11111111111 ft!RCLKLQ) IH> I 
I Ill 11111111111 1111 '------' 
I Ill 11111111111 1111 10-GND 
I 111 11111111111 1111 20-VCC 
I 111 11111111111 1111 ICll 
I 111 11111111111 1111 
I 111 lllllllllll 1111 
I 111 11111111111 2048x8 STATIC RAft 1111 74LS245 
I 11111111111111 ,----, 1111 ,----, . 
I Ill 1111111111'--B"'iAO DOH 1111 • 2-'iAO BOt-18-><BUSB 
I Ill 111111111'---7-'iAl Dlt-10 1.111 •t--3-'iAl Blt-17-><BUS.9 
I 111 I Ill I I I I '-'--6"'iA2 D2t-ll 1111 •tt--4"'iA2 B2t-16.-...><BUSIO 
I 111 1111111.___S-iAl 031-13---t+tt--tttt-S"'iAl 831-15-><BUSll 
I 111 I I 1111 '-"---,l"'iA4 041-14 1111 •tttr-HA4 B4t-14_,;><BUSl2 
I 111 11111._______.3-iAS DSl-15---tftt-tttttt-HAS BSt-13-><BUSll 
I 111 1111 2"'iA6 D6t-l6 . 1111 .•tttttt-8"'iA6 86t-12-><BUSl4 
I Ill 111 l"'iA7 071-17 1111 •1111111 9-tA7 871-11-><BUSIS 
I 111 11 23-'iAB I 1111 1111.1111 I I 
I Ill I 22-iA9 I 111• 11111111 19-oOE I 
I Ill .19-iAIO I 11'.I 11111111 1-iDIR. I 
I Ill . . I I II.I 11111111 '------' 
I llL----t--. 20-00£ I II. I 11111111 10·6ND 

74LS374 I I 21-owe I 111 11111111 20-VCC 
I 18-oCE I 11 I 11111111 IC20 ,.----, 
I I ~ 111 1111111 · 3-'iDO QOJ-2-:-->ftIR8 
I 74LS04 I IMND II I 111111"-----'---4-iDI Qlt-S-·->ftlR9 
I n I 24-VCC II .I 11111 7-iD2 Q2t-6-· ·-· mRIO 
I r-5-i l<>-6---' IC53 · 11 I 1111 -iDl Q3H-· ->ft!Rll 
I I '-' 11 .1 111 13~iD4 Q4t-l2-,->ftIRl2 
I I !CO rlt-' 11 14-iDS QSHS->HlR13 
I I 11 I 17"106 Q61-16->ftlRl4 
I 74LS08 I 11 "----"'------"'18-iD7 Q7t-19->ftlR15 
i . . . . n 74LS08 .1 11 I I 
INOT-DEmRAftLQ),.-2-iA"i I n I I 1-00E I 
I IN ~3---4-iA"i I ll"'i> I 
I NOT-WRITW-1-iDr' . IN 1-6-,J '------' 
I '-' r--5-i D r' 
I !CS I L..l 

I I !CS 
I NOT-SRCHRAftLO>-' 
I. 
!FORTH PC-BOARD 
I ft!CROPROGRAH ftEHORY ~·· HIR l0-151 I 
I PL.ATE US 11 SEP 86 PHIL KOOPMN JR .• I 
'----

IO·GND 
20-VCC 
1C32 

PLATE 18: MICROPROGRAM MEMORY&; MIR (0-15) 
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! I 
L.-~ 

n 
i '. 
' I 

! I 

i I 
·- .J 

,--

n 
I ! 
'-' 

... :~. 

I 74LS02 
I r-i 74LS04 
INDT·OEST"RAftHl>-11-'iN'i n 
I ID to-13-13-1 to-12.., I CLK>-12~ '-' ICO I 11 "ICRD·RAft TO BUS TRANSCEIVER. 16-31 ti 

1 1m 1 11 ftlCRO-RA" ms 16-31 11 

I "AOORO> ~~ RAii :!iA~ 2-l~:LS2::t-1B-><BUSO 
I HADDRI> tt-7-IAl Dlt-10 t-3-!Al Blt-17-><BUSl 
I ftADDR2> ttt-6-IA2 D2t-ll tt-4-IA2 B2t-16..,-)(8US2 
I "ADDR3> tttt-5-IA3 Dlt-13 ttt-S-IA3 B3t-1S-><BUS3 
I ftADDR4>--tttttt-4-IA4 D4t-14 . ~-IA4 B4t-14'-><BUS4 
I ftADDR5>-tttttt-3-IAS DSt-15 ttttt-7-IAS B5t-13'-><BUS4 
I ftADDR6>--•ttttttt-2-iA6 D6t-16 tttttt-B-IA6 B6t-12_.;><BUS6 
I ftADOR7>-..,.tttttttt-l·'iA7 D7t-l7 1111111 9-iA7 B7t-tl~><BUS7 
I MADORB>·-_.ttttttttt-23-iAB I 11111111 I I 
1 "AOOR9>--etttttttttt-22-i A9 I 1 11111111 19-oOE I 11 "1CRO INSTRUCTION 

ftAOORI0>-11111111111 19-IAIO I ii 11111111 1-!0IR I RESISTER 116-311 11 

111111111111 I I II 11111111 '---' 
I 111111111111 20-00E I II 11111111 10-SND 

ii 11111111111• 21-0WE I 11 11111111 20-YCC 
GN0>_,.11 11111111111 18-0CE I 11 11111111 IC21 ,...--, 

Ill 11111111111 '---' II 1111111 3-IDO QOt-2->ftlR16 

74LS374 

111 11111111111 12-GNO II 111111 '-------i-101 QI f-5->li1Ri7 
111 11111111111 24-VCC 11 11111 7-i02 Q2t-6->ft1Rl8 
Ill 11111111111 IC54 II 1111 -103 Q3t-9->ftlR19 
111 11111111111 11 111 13-i 04 Q4 t-12->ftlR20 
Ill 11111111111 11 II 14-105 QSt-15->ftlR21 
111 11111111111 11 I 17-i06 Q61-16->ftlR22 
Ill 11111111111 SRC"RAllHI> I 18-107 Q7t-19->ftlR23 
Ill 11111111111 II I 1 
Ill 11111111111 GMO> 1-oOE I 
Ill 11111111111 ftlRCLKHI> t . 11-1> I 
Ill 11111111111 1111 '---' 
Ill 11111111111 1111 10-SNb 
111 11111111111 1111 20-YCC 
111 11111111111 1111 IC33 
111 11111111111 1111 
111 11111111111 1111 
111 11111111111 2048x8 STATIC RM 1111 74LS245 
Ill 11111111111 ,---.., 1111 ,---.., 
111 1111111111 '--8-iAO 001-9 1111 1 2-IAO BOt-IB..,-><BUS8 
Ill 111111111'--7-IAI Olt-10 1111 •t-3-iAI Blt-17-><BUS9 
111 I I I I I I 11 '---6-IA2 D2t-ll--tttt--tt-HA2 B2t-16-><BUSIO 
111 I I 11111 '---5-iA3 D31-13--tttt----ettt-5-IA3 831-15-><BUSll 
Ill llllll'---4-IA4 041-14 1111 •tttt-6-iAA B41-14-><BUSl2 
111 II I 1 I '----3-iA5 051-15 I ti I •ttttt-7-iA5 8St-ll-><BUS13 
111 1111 2-IA6 061-16 I Ill •tttttt-8-iA6 B61-12-><BUSl4 
Ill Ill 1-iAI D7t-17--tt~ttttttt-9-IA7 87t-ll-><BUS15 
111 11 23-IA8 I 1111 lllHlll I 11 . 
111 I 22-i A9 I 111•-tttttttt-t9-oOE 
Ill 19-iAIO I 11'1 11111111 1-!0IR I 
Ill . I I II I 11111111 '---' 
11 . 20-oOE I 11 I 11111111 10-SNO 
I 21-oME I 11 I 11111111 20-YCC 

18-oCE I II I 11111111 IC22 ,...--, 
'---' II I 1111111 3-100 QOH->ftlR24 

12-SNO 11 I llllll'------...i-101 Qll-S->ftlR25 

74LSl74 

I 
741,504 ,I 

n I 
r--ll-1 to-10--' 

24-VCC 11 I 11111 7-i02 Q2t-6->"IR26 
IC55 11 I 1111 -iOl 113t-9-mR27 

II. I Ill 13-104 Q41-12->fHR2B 
.-ft-' 11 14-105 Q51-15->ftlR29 
I 11 I 17-106 QH·l6->ftIR30 

74LSOB I ·II 18-107 Q7t-19->ftlR31 

I ...... 
I ICO 
'-

n 74LSOB I 11 I I 
INOT-DEST"RAftHD-2-iA'i n I I I-GOE I 
I IN H--1-4-IA'i · I . 11-1> I 
I NOT-WRITE3>-1-1Dr' IN ~-6--' '---' 
1 ,_. ,--s-1 o,.. 10-GND 
I ~ I '-' ~~ 

I I IC6 IC34 
I NOT-SRCftRAft.HI>-' 
I 
IFDRTH PC-BOARD 
lftlCROPRDGRAM ftE"ORV l ftlR 116-311 I 
!PLATE 119 II SEP 86 PHIL KOOP"AN JR. I 

PLATE 19: 

\ 

MICROPROGRAM MEMORY & MIR ( 16-31) 
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I I 
I . I 
I ·· I 
I I 
I n SOURCE SELECTOR fl I 
I I 
I I 

I .. · · 74.154 . I 
1 · n1Ro>-···-23-iOO · voo"'.l-> 1 
I nlRl)-. ·-. 22-iDl Ylo-2->NOT·SRCUP 74LS04 I 
I lllR2>-.· 2l-i02 .Yto-3-· >NOT-SRCOS n · . I 
I lllR3>-20:·iD3 Y3o-4-· >NOT-$RCRP ~3-i to-4-->SRCRAll. I 
· 1 I Y 40-5-· ->NOT ·.SRCRS . I . . ..._. . . I 
I 1· Y5o-6-. -· >NDMRCPCSAVr I !Cl I 
I Y6o-7->NOT-SRCRAll>-....... I 
I , I Y?o-a-· ->MOT-SRCDLO ·· 7 4LSOt. I 

· I I •v8o-9-. ·-> · · M I 

r I . . Y~o-10-> r-ll-i to-lO--->SRCllRAllLO I 
I I YlOO-'ll...;;.> · . . .· I ..._. I 
l · ·1 YHO-'ll~>NOT-SRCllRAl!LQ).:.1 ICI I 

I . I m::ir ~NQT-$RCnRAllHl>l ms04 I 
I ~18-061 Yl4D-:-l6-> . 'I . n . · · . I 
[, .-1 ~-- l9-062 y1so-:-17-'">NOT-SRCALU. ":-""llL..r-12->sRcnRAllHI. ( 

I . 74LSOO. l . ~i:~~~ · ··tel . I 
I rff I . IC56 I 
I NOT•NRHE2>.__,-IA~ I I 
I :· . .· IN to-11-'-t . I 

I NOT~~RITEl>'-'10-~ I I 
.1 IC9 I 
I I 
I l 

fl .DESTl!tATION SELECTOR fl 

I·· I 
I I 74~4 

l . I 111Ro~21,;uo · · voo-1-· -~ 
I I .lllR5>-·. -22-iDl Ylo-2-. >NDT•DESTDP 
I l nlR6>-2l-iD2. v20-l->NOJ-DESTDS 
I I l!IR7>-204Dl Ylo-4-· >NOT·DESTRP 
I I . I. Y4o-5-·->NOT ·DE$TRS 74LS04 
11- .. 11. 1 : YSo-6->NOl-DESTP.C n . . . . 

I Y6o•7-.-. >NDT·DESTRm~-i to-6->DESTRAll 
I I I Y7il-8->NOMESTDL0 ..._. ~ 

I . 11 I Y8o-9->NOHESTDHI · 1C1 
I I ·. Y9o-IO->NDT-DESTSTATUS 

. I . I I Y!Oo-11->NIH·DESTllPC 
I I I YllHl~>NOf.DESTllRAllLO 
I I I .· ' Y120•l4->NDME5TllR~HI · 
11 11· · I·. mo-15"".""'> 

~18-o&l Yl4G-:-16-> 
I ~---·-e-,.-19-<>62 Yl5o-l7-> 
I . . .____. 
I .. l2-6ND 
I .24-YCC 
I IC57 
I 
I 

I 
I 
I 
I 
I. 
I 
I 

.1 
I 
I 
I 
I 
1-FO-RT_H_P-C--BO-AR-D.---. ---.-. -.:.'""-_ .;..... ----.-.•. --. -.-1 . 

!SOURCE ANUESHNAT!ON SELECTORS FOR BUS TRANSfERS -I 
I PLATE 120. 11 SEP 86 PHIL KOOPllAN .JR. I 
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PLATE 20: SOURCE AND DESTINATION SEJ,EC'l'ORS FOR BUS TRANSFERS 
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11 
1--J 

I~ 

Lj 
) I 
, I 
!_J 

1-~l 

LJ 

[J 

D 
n 
I I 
'--' 

I-
tJ 

u 
'l 
I I 
L: 

0 
[I 

u 

I 
I 
I 
I 
I 
I 
I 
I 
l. 
I 
I 
t 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ED&E CONNECTORS: 
EDI EDO 

PIN A SIDE B SIDE 

I 
2 
3 
4 
5 
6 
7 
B 
9 

10 

IBnD7 
IB"D6 
IB"D5 
IB"D4 
IBftD3 
18"02 
mn1 
lBftDO 

&ND 
IB"-RESET 
+5V . 

&ND 
11 AEN 
g 
14 
IS 
16 

NOT-18"10N 
NOT-IBftlOR 

17 
18 
19. 
20 
21 
22 IB"ADDR9 
23 IBMDDR8 
24 IB"ADDR7 
2S 18"ADDR6 · 
26 IB"ADDR5 
27 IB"ADDR4 
28 1BmDR3 
29 IB"ADDR2 
30 mADDRI 
31 IB"ADDRO 

+5Y 
masc 
GND 

RESISTORS: 

CNO 40-STRAND 
RIBBON CABLE 

0 &ND 
I CLK 
2 &ND 
3 FASTCLK 
4 &ND 
s "1Rl3 
6 "1Rt4 
7 ftlR15 
S "IR16 . 
9 NOT-DESTRP 

l 0 NOT-DESTRS 
II NOT-SRCRS 
12 NOT~SRCRP 
13 NOT-DESTDP 
14 NOT-DESTDS 
15 NOT-SRCDS 
16 NOT-SRCDP 
17 NOT-DESTIU'C 

·· 18 BUSO 
19 BUS1 
20 BUS2 
21 BUS3 
22 BUS4 
23 BUSS . 
24 BUS6 
25 BUS7 
26 BUSS 
27 BUS9 
29 BUSIO 
29 BUSll 
30 BUSl2 
31 BUSll 
32 BUSl4 
33 BUSIS 
34 &ND 
35 &ND 
36 &ND 
37 &ND 
38 &ND 
39 &ND 
40 &ND 

CPU BOARD: RO - ALUA•B PULLUP TO +SY 
THRU 680 OHltS 

RI R2 R3 -- 4. 7K OHli TO +SY 
( PULLUPA' PULLUPB 'PULLUPCl 

~l!llRY BOARD: ALL RESISTORS ARE 4. 7K OHlt 
PULLUPS TO +SY 

1~~~----.~~---...,.....,..~---, 

IFORTH PC-BOARD 
I EDGE l RIBBON CABLE INTER-CONNECTS I 
I PLATE t21 11 SEP 86 PHIL KOOPftAN JR~ I 

CAPACITORS: . FA(l"I, ... 
ALL ARE .l "ICR0-¥8CT DECOUPLERS 

EXCEPT C9x ARE 10 ftlCRO-wt:f FJ+l't01' 
. VOL TA&E CONTROL CAPS 

.INEAR CARD FIN&ERSl 

PLATE 21: EDGE & RIBBON CABLE INTER~CONNECTS 
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APPENDIX C 

SOURCE CODE 

CPU /16 MICROASSEMBLER SOURCE 

MVP-FORTH/16 MICROASSEMBLER & KERNEL SOURCE 

CPU/16 TEST SOURCE 

MVP-MATH/16 MATH SUPPORT 
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!J 

SCR #0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#1 
INDEX CPU/16 MICROASSEMBLER SOURCE 

MVP-FORTH VERSION 

CC> COPYRIGHT 1986, 1987 

PHIL KOOPMAN JR. 

LAST UPDATE: 3/14/87 

Phil Koopman, Jr & WISC Technologies, Inc. 

SOURCE 
SCREENS 
======== 
2 
6 - 8 
11 - 83 

#2 

CONTENTS 
======== 
LOAD SCREEN FOR MICROASSEMBLER 
FORTH UTILITY WORDS 
MICROASSEMBLER/CROSS-ASSEMBLER 

\ LOAD SCREEN FOR MICRO-ASSEMBLER/CROSS-COMPILER FOR CPU/16 
DECIMAL 
CR CR ." Loading CPU/16 micro/assembler and cross compiler.'' CR 
." <C> Copyright 1986, 1987 " CR 
." Phil Koopman, Jr. & .WISC Technologies, Inc. 11 CR CR 
3 81 THRU 
CR CR . 11 Load complete." CR CR 

11 Please do a SAVE-FORTH to file name MASSEM.COM" CR 
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_ St:R #3 - __ -
0 \ CASE STATEMENT -CASE _ IFCASE 
1 DECIMAL 
2· CASE --( -> -r __ < COMP I LE > 

.3 
4 

( -FLAG -> FLAG > - -- < EXECUTE· ) 

5 
6 
7 
8. 
9 

io 
ii 
12 
13 
14 
15 

~CR #4 

- COMPILE >R COMPtl.£ R@ ' 0 3.1 
IMMEDIATE - . _ 

f FCA$E ( • • ADDRS • • COUNT 31 ;..:.> 

31 ?PA-~R~L~; ->CbMPI~EE~~~~~~H) 
ROT 1 + ROT ; . --
IMMEDIATE 

0 \ CASE---~ 'NEXTCASE EL$ECASE 

BRANADDR COUNT 32 ) -

HERE 0- , 

1 DECIMAL' -- . .- - . 

2 NEXTCASE · < ••• BRANADDR COUNT 32· .-> •• ELSEADOR COUNT 31 > 
3 - < ->- FLAi3 ). - < EXECUTE > 

4 ' - _32 ?PAIRS ·_; COMPILE BRANCH 0 ' 
S SWAP HERE -- OVER - -- SWAP !· 

6 HERE 2- SWAP 31 COMPILER@_; 
7 IMMED lATE -

- i3 .-
9 : 

10 
11 
12 

ELSECASE < ••• COUNT :$2 ~> ••• COUNT 33 > 

--_ 13 
14 
15 

SCR #5-

,' ~~~PA~~~E cg~~~ L~ ~~:~c~ 
HERE 2- - SWAP .33 ; - -
IMMEDIATE 

0 ' ' 

a · \ _ .GASE~-- ENOCASE BETWEEN 
.1 DECIMAL 
2 _ : ENDCAse: - ( -> >-

- 3 DUP 32 = IF. DROP SWAP HERE OVER - --SWAP 

4 1- 33-Ti-IEN > 33-?PAiRS SEGfN ' 
·5 - DUP- O> WHILE- SWAP HERE OVER .,. -SWAP !_-

6 - 1- REPEAT DROP COMPILE R>COMPILE DROP 
7 IMMEDIATE 
8 
9 

10 
11 
12 
13 
14 
.15 

' ' 

BETW-EEN ( Nl N2 N3 :...» N2<~N1 <=N3? ) 
. >R OVER:· > NOT - SWAP 

R> > NOT - AND - ; 
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SCR #6 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 'v 

SCR #7 
0 \ SET UP CPU/16 MEMORY SIZE CONSTANT 
1 HEX 
2 FEFO CONSTANT MEM-SilE 
3 DECIMAL 
4 CR MEM-SIZE U •• " words memory on system" CR 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
.15 

#8 
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#9 SCR 
0 
1 

\ FORTH BOARD STOP & GO ~- STOP GO STATUS? CYCLE 

HEX 
. 2 VOCABULARY MICRO-ASSEMBLER IMMEDIATE 

MICRO-ASSEMBLER DEFINITIONS 
STOP C -> > · 

3EB P@ DROP 
GO C -> > 

3EC P@ DROP 

3 
4 
5 
6 
7 
8 
9 STATUS 

3EA P@ 
STATUS? 

C --> STATUS 
OFF AND ; 

STATUS U. 

\ Statu~ register contents 

10 
11 
12 
13 
14 
15 

: CYCLE -> ) 
0 3E4 P! 

DECIMAL 

SCR #10 

\ Cycle oMe clock tick 
\ 

0 \ FORTH BOARD I/O PRIMITIVES -- X! X@ 
·1 HEX 
2 CODE X! < N -> > \WRITE WORD TO BOARD 
3 BX POP DX , # 3E7 MDV 
4 AL , BH MDV . DX , AL OUT . 
5 DX , # 3EO MDV AL , BL.. MOV DX , AL OUT 

6 NEXT JMP END-CODE 
7 
8 CODE X@ < N -> ) \ READ WORD FROM BOARD 
9 DX , # 3E8 MDV 

10 AX , DX IN AX PUSH 
11 NEXT J~P END-CODE 
12 
13 
14 DECIMAL 
15 

SCR #11 
0 \ FORTH BOARD I/O PRIMITIVES ~- MIR! 
1 HEX 
2 CODE "IR! C D -> \ W~ITE 2 WORDS TO BOARD 
3 BX POP 
4 
5 

·6 
7 
8 
9 

10 

DX 
. ' .l* 

DX ' # 
BX POP 
DX # 
DX ' # 
NEXT 

11 DECIMAL 
12 
13 
14 

. 15 

·3.E7 
3E3 

3E7 
3E2 

JMP 

MDV AL ' BH MDV DX ' AL OUT 
MDV AL ' BL MDV DX ' AL OUT 

MDV AL '. BH MOV DX ' AL OUT 
MDV AL ' BL MDV DX ' AL OUT 

END-CODE 
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SCR 
0 
1 
2 
3 
4 

#12 
\ VARIABLES FOR MICROASSEMBLER 
DECIMAL 
\ Following variables 
\ have been used 

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

VARIABLE >ALU 
5 VARIABLE 
6 VARIABLE 
7 VARIABLE 
8 VARIABLE 

>SHIFT IN 
>JMP 
>INCMPC 
>DECODE 
>INCPC 
>DHI 
>DLO 

VARIABLE >DEST 
VARIABLE >SOURCE 
VARIABLE >RP 
VARIABLE >DP 

9 
10 
11 
12 

VARIABLE 
VARIABLE 
VARIABLE 

VARIABLE >END 

13 VARIABLE CURRENT-PAGE \ Micromemory page number 
14 VARIABLE CURRENT-OFFSET \ Micromemory offset value 
15 DVARIABLE MICRO-WORD \ Current micro-assembler building word 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

#13 
\ INITIALIZE MICROASSEMBLER FLAGS 
HEX 

RESET < -> 
0 >END 
0 >DEST 
0 >INCMPC 
0 >DHI ! 
0 >DP ! 
0. MICRO-WORD 

0 
0 
0 
0 

D! 

>ALU ! 
>JMP ! 
>DECODE 
>DLO 

0 >SHIFTIN 
0 >SOURCE 
0 >INCPC 
0 >RP ! 

! 
! 

: : ( N -> ) \ Start Defn 
RESET 

N = Offset value 
CURRENT-OFFSET 

14 DECIMAL 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#14 
\ STORE MICROCODE WORD -~ ;DD 
HEX 

FINISH < -> ) \ Set required bits for default fields 
>END @ NOT IF 80000000. MICRO-WORD D+! THEN 
>SHIFTIN @ NOT IF 20000000. MICRO-WORD D+! THEN 
>INCMPC @ NOT IF 00800000. MICRO-WORD D+! THEN 
>DECODE @ NOT IF 00400000. MICRO-WORD D+! THEN 
>INCPC @ NOT IF 00200000. MICRO-WORD D+! THEN 
>DHI @ NOT IF 00180000. MICRO-WORD D+! THEN 
>DLO @ NOT IF 00060000. MICRO-WORD D+! THEN 
>RP @ NOT IF 00010000. MICRO-WORD D+! THEN 
>DP @ NOT IF 00004000. MICRO-WORD D+! THEN 
>ALU @ NOT IF 00001COO. MICRO-WORD D+! THEN 
;SET < -> ) \Perform MIR!, but don't cycle clock 
FINISH MICRO-WORD D@ MIR! ; 

;DO < -> > ;SET CYCLE ; DECIMAL 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 

tH5 
\ SOURCE DEFlNITIONS 
HEX 

SRC < DVALUE -> > 
CREATE D, 
DOES> >SOURCE @ 

1 >SOURCE 

1. SRC SOURCE=DP 
3. SRC SOURCE=RP 
5. SRC SOURCE=PCSAVE 
1. SRC SOURCE=DLO . 
B. SRC SOURCE=MRAMLO 

OF. SRC SOURCE=ALU 

DECIMAL 

#16 
\ DEST DEFINITIONS 
HEX 

DST < DVALUE -> > 
CREATE 4 DLSLN D, 
DOES> >DEST @ 

1 >DEST 

7 1. DST DEST=DP 
8 3. DST DEST=RP 
9 5. DST DEST=PC 

10 7. DST <DDLO> 
11 9. DST DEST=STATUS 
12 B. DST DEST=MRAMLO 
13 DEST=DLO ~DDLO> 1 
14 DEST=DHI <DDHI> 1 
15 DECIMAL 

SCR #17 

< PFA -> > 

ABORT" MULTIPLE SOURCE= STATEMENTS" 
D@ MICRO-WORD D+! 

2. SRC SOURCE=DS 
4. SRC SOURCE=RS 
6. SRC SOURCE=RAM 

c. SRC SOURCE=MRAMHI 

( PFA -> ) 

ABORT" MULTIPLE DEST= STATEMENTS" 
D@ MICRO-WORD D+! 

0 \ RP STACK POINTER CONTROL 
1 HEX 
2 RP < DVALUE -> > 
3 C~EATE OF DLSLN 
4 
.5 

DOES> >RP @ 

. < PFA -> > 

D, 
ASORT" 

D@ 
MULTIPLE RP STATEMENTS" 
~ICRO-WORD D@ FFFE7FFF. DANO 

6 
1 >RP 
DOR MI CRO-W.ORD D ! 

7 
8 
9 

10 
11 
12 

0. RP DECCRPJ 
1. RP INCCRPJ 

13 DECIMAL 
14 
15 

62 

--, 
J 



( i 

- -, 
i I 
I 

#18 
\ DP STACK POINTER CONTROL 
HEX 

SCR 
0 
1 
2 
3 
4 
5 
6 

QP < DVALUE -> > < PFA -> > 
I' 

CREATE 001 DLSLN D, 
DOES> >DP @ ABORT" 

1 >DP 
DOR 

MULTIPLE DP STATEMENTS" 
MICRO-WORD D@ FFFF9FFF. DANO D@ 

MICRO-WORD D! 
7 
8 0. QP DEC[DPJ 
9 1. QP INC[OPJ 

10 
11 
12 
13 DECIMAL 
14 
15 

SCR #19 
0 \ SHIFT CARRY CONTROL SC=O SC=l 
1 HEX 
2 SC=O < -> > 
3 >SHIFTIN @ ABORT" MULTIPLE SC STATEMENTS'' 1 >SHIFTIN 
4 
5 SC=l < -> > 

6 >SHIFTIN @ ABORT" MULTIPLE SC STATEMENTS" 1 >SHIFTIN 
7 20000000. MICRO-WORD D+! 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#20 
\ INC[MPCJ INC[PCJ DECODE 
HEX 

INC[MPCJ < -> > 

>INCMPC @ ABORT" MULTIPLE INC[MPCJ ST~TEMENTS" 
1 >INCMPC ! 

INC[PCJ < -> 
>INCPC @ ABORT" MULTIPLE INC[PCJ STATEMENTS" 1 >INCPC 

DECODE < -> > 

>DECODE @ ABORT" MULTIPLE DECODE STATEMENTS" 1 >DECODE 
( Leave bit at 0 > ; 

DECIMAL 
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#21 
\ DLO AND DHI CONTROL 
HEX 

SL [ DH I J < - > > 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

>DHI @ ABORT" MULTIPLE DHI STAT/EMENTS" 
00080000. MICRO-WORD D+! 

SRCDHIJ ( -> ) 
>DHI @ ABORT" MULTIPLE DH! STATEMENTS" 
00100000. MICRO-WORD D+! 

9 SRCDLOJ -> ) 
10 >DLO@ ABORT" MULTIPLEDLO STATEMENTS" 
11 0004bOOO. MICRO-WORD D+! ; 
12 SLCDLOJ ( -> ) 
l~ >DLO @ ABORT" MULTIPLE DLO STATEMENTS" 
14 00020000. MICRO-WORD D+! ; 
15 DECIMAL 

SCR #22 
0 \ ALU DEFINITIONS 
1 HEX 
2 ALU ( DVALUE -> 
3 CREATE D, 

< PFA ....,> > 

1 >DH! 

l >.DHI 

1 >OLD 

1 >DLO 

4 
5 

DOES> >ALU @ 
1 >ALU ! 

ABORT" MULTIPLE ALU= STATEMENTS" 
O@ MICRO-WORD D+! ; 

6 \ Logical definitions 
7 1000~ ALU ALU=notA 
8 1100. ALU ALU=AnorB 
9 

10 
11 
12 
13 
14 

1300. ALU ALU=O 
1400. ALU ALU=AnandB 
1500. ALU ALU=notB 
1600. ALU ALU=AxorB 

15 DECIMAL 

SCR #23 
0 \ ALU DEFINITIONS - 2 
1 HEX 
2 \ Arithmetic definitions 
3 40000600. ALU ALU=A-8....,1 
4 40000900. ALU ALU=A+B 
5 40000COO. ALU ALU=A+A 
6 40000FOO. ALU ALU=A-1 
7 
8 00000000. ALU ALU=A+1 
9 00000600. ALU ALU=A-8 

10 00000900. ALU ALU=A+8+1 
11 OOOOOCOO. ALU ALU=A+A+l 
12 
13 DECIMAL 
14 
15 

1900. ALU ALU=AxnorB 
1AOO. ALU ALU=B 
1800. ALU ALU=AandB 
1COO. ALU ALU=-1 

1EOO. ALU ALU=AorB 
1FOO. ALU ALU=A 
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#24 SCR 
0 \ BOARD 
1 DECIMAL 
2 z ! ( 

MEMORY ACCESS Z! Z@ 

N ADDR -> > 
3 ( 0 :: 
4 ( 1 : : 

ALU=A DEST=PC ;SET MICRO-WORD D@ J DLITERAL MIR! X! 
DEST=RAM ;SET MICRO-WORD D@ J DLITERAL MIR! X! ; 

5 
ADDA -> N > 6 

7 
8 
9 

Z@ 
( 0 
( 1 

:: ALU=A DEST=PC ;SET MICRO-WORD D@ J DLITERAL MIR! 
:: SOURCE=RAM ;SET MICRO-WORD D@ J DLITERAL MIR! X@ 

10 
11 
12 
13 
14 
15 

SCR #25 
0 \ NEXT ADDRESS GENERATION/JMP 
1 HEX 
2 JMP C DVALUE -> > C PFA -> > 

3 CREATE 18 DLSLN D, 
4 DOES> >JMP @ ABORT" MULTIPLE JMP= STATEMENTS" 
5 1 >JMP ! D@ MICRO-WORD D+! 
6 
7 
8 
9 

10 
11 
12 
13 
14 

00. JMP 
01. JMP 
02. JMP 
03. JMP 

04. JMP 
06. JMP 

15 DECIMAL 

SCR #26 

JMP=OOO 
JMP=OlO 
JMP=100 
JMP=110 

JMP=OOCA 
JMP=lOCA 

1C. JMP 
1D. JMP 
lE. JMP 
lF. JMP 

05. JMP 
07. JMP 

JMP=OOl 
JMP=Oll 
JMP=lOl 
JMP=lll 

JMP=OlCA 
JMP=llCA 

0 \ NEXT ADDRESS GENERATION/JMP - 2 
1 HEX 
2 08. JMP JMP=OOCB 09. JMP JMP=01CB 
3 OA. JMP JMP=lOCB OB. JMP JMP=11CB 
4 
5 
6 
7 
8 
9 

10 
11 
12 

OC. JMP 
OE. JMP 
10. JMP 
12. JMP 

14. JMP 
16. JMP 

JMP=OOCC 
JMP=lOCC 
JMP=OOCO 
JMP=10CD 

JMP=OOS 
JMP=lOS 

13 18. JMP JMP=OOE 
14 1A. JMP JMP=lOE 
15 DECIMAL 

OD. JMP 
OF. JMP 
11. JMP 
13. JMP 

15. JMP 
17. JMP 

JMP=OlCC 
JMP=11CC 
JMP=OlCD 
JMP=11CD 

JMP=OlS 
JMP=11S 

19. JMP JMP=OlE 
1B. JMP JMP=llE 
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SCR #27 
0 \ AUTOMATIC NEXT ADDRESS GENERATION 
1 HEX 
2 <AUTO-AODR> < -1 •. 7 -> > 

3 CASE -1 = IFCASE JMP=OOO NEXTCASE · 

4 0 = IFCASE JMP=001 NEXTCASE 

5 1 = IFCASE JMP=010 NEXTCASE 

6 2 = IFCASE JMP=011 NEXTCASE 

7 3 = . IFCASE JMP=100 NEXTCASE 

8 4 = IFCASE JMP=101 NEXTCASE 

9 5 = IFCASE JMP=110 NEXTCASE 

10 6 = IFCASE· . ~MP=111 NEXTCASE 

11 7 = IFCASE ABORT" NOT JMP= ON PAGE CROSSING" 

12 ELSECASE 1 ABORT" ERROR IN AUTO-ADDR" ENDCASE ; 

13 
14 DECIMAL 
15 

SCR #28 
0 \ BOARD MICRO-MEMORY ACCESS SETMPC MADOR 

1 HEX 
2 CODE 8/FFOO-OR < A0DR1 -> ADDR2 > 

3 AX POP AX , 1 SHR AX , 1 SHR AX , 1 SHR AX , • FFOO OR 

4 AX PUSH NEXT JMP END-CODE 
5 
6 SETMPC MRAM-ADDR -> ) 
7 [ 0 :: DEST=MPC DECODE ;SET MICRO~WORD D@ J DLITERAL MIR! 

8 8/FFOO-OR X! 
9 

10 MADOR C ADDR -> > 

11 < Set microinstruction add~ess bits t 

i2 1 :: 07 AND 1- <AUTO-ADDR) 
13 
14 DECIMAL 
15 

SCR #29 
0 \ SET UP FOR HIGH SPEED MICROCODE LOAD 
1 HEX 

micro~word bits. within a 2 \ Set appropriate 
3 CODE SET-UP-MADOR ( DMICRO-WORDl LO-AD DR 
4 AX POP BX POP 
5 DH , AL MOV DH 
6 BH , DH OR 
7 AX , # 1 AND <>O? 
8 BX PUSH 
9 NEXT JMP END-CODE 

10 
11 DECIMAL 
12 
13 
14 
15 

' 
# 

IF 

6 AND DH ' 1 

BH ' 
# 01C OR 

66 

page 
-> DMICRO-WORD2 ) 

SHR 

THEN 

' I 

I I 

! ; 

I , 

I i 

'' ' 

(' 

i 

l_ ' 



r--: 
I I 
LJ 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#30 
\ HIGH SPEED MICROCODE LOAD FOR A PAGE 
DECIMAL 

MZ ! PAGE DO ••• 07~ MADOR -> 1 \ Load page of 8 microwords 
SETMPC 0 7 
DO C 0 :: DEST=MRAMHI JMP=OOO ;SET MICRO-WORD D@ l DLITERAL 

I SET~UP~MADDR MIR! X! 
C 0 :: DEST=MRAMLO JMP=OOO ;SET MICRO-WORD D@ l DLITERAL 
I SET-UP-MADOR MIR! X! 

-1 +LOOP ; 

#31 
\ BOARD MICRO-MEMORY ACCESS 
HEX 
:· MZ! < D ADDR -> > 

>R R@ SETMPC R@ MADOR 
R> MADOR 

MZ@ < ADDR -> D > 
DUP SETMPC DUP MADOR 

MADOR 

DECIMAL 

#32 r-
\ STORE MICROCODE WORD -
HEX 

\ 

' ' ( -> ) 
>JMP @ NOT 

MZ! MZ@ 

DEST=MRAMHI ;SET 
DEST=MRAMLO ~SET 

SOURCE=MRAMLO ;SET 
SOURCE=MRAMHI ;SET 

; ; INSTRUCTION END 

IF CURRENT-OFFSET @ 
FINISH MICRO-WORD D@ 

<AUTO-AD DR> THEN 

CURRENT-PAGE @ 8 * CURRENT-OFFSET @ + MZ! 

INSTRUCTION < N -> 
STOP CURRENT-PAGE 

<YEND> < -> > 
>END @ ABORT" MULTIPLE END STATEMENTS~ 
1 >END ! 

END <END> JMP=OOO 
FORTH DEFINITIONS DECIMAL 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

( 
i 1 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
'7 
8 
9 

10 
11 
12 
13 
14 
15 

#33 
\ FORTH BOARD I/O PRIMITIVES -- W->BOARD - 1 
HEX 
MI CRO-.ASSEMBLER 
0 :: Dt:ST=RAM ;SET .MICRO-WORD D@ DROP 
DUP OFF AND · CONSTANT TO-RAM..,;LO 
BYTESWAP OFF AND CONSTANT TO-RAM-HI 

MICRO-ASSEMBLER 
1 : .: ALU=A DEST=PC ; SET 
DUP. OFF AND CONSTANT 
BYTESWAP OFF AND CONSTANT 

FORTH 
DECIMAL 

MICRO-WORD D@ 
TO-PC-LO 
TO-PC.,..HI 

#34 ~ 

DROP 

\ FORTH BOARD I/O PRIMITIVES -- W->BOARD - 2 

HEX 
CODE W..,;>BOARD < IBMADDR BOARD-ADDR WORDCOUNT -> I 

AX , # 3E7 MOV ES , AX MOV 
ex POP BX POP DI ' SI MOV SI POP 

. BEG IN 0 : : ALU=A .DEST=PC 

DECIMAL 

#35 

AL ,. .·#·· TO-PC-HI MOV 
AL , # TO-PC-LO MDV. 
< Ster~ count Ln PC > 
AL , BH MOV DX 
AL , BL MbV DX 

;SET 
DX ' ES MOV 
D.X . ' # 3E2 MOV 

' ES MOV 

' # 3EO MOV 

DX ' AL OUT 
DX ' AL OUT 

DX ' AL OUT 
DX 

' 
AL OUT 

\ FORTH BOARD I/O PRIMITIVES -~ W->BOARD - 3 

HEX 
< 0 : : DEST:::RAM ; SET ) 

~ AL , # TO-RAM-HI MOV DX 
AL ' # TO-RAM-LO ~av DX 

\ Store the ~ctual 16-bit value 
LODSW AH , AL XCHG DX , 
AL , AH MDV DX , 
BX INC 

?LOOP UNTIL 
SI , DI MOV 
NEXT JMP END-CODE 

DECIMAL 
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, ES· MOV 
, # 3E2 MDV 
into RAM 

ES MOV 
# 3EO MOV 

DX , AL OUT 
DX , AL OUT 

DX , AL OUT 
DX , AL OUT 
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SCR tt36 
0 \ TRANSFER IBM PC RAM TO BOARD RAM --- IBM->BOARD 
1 HEX 
2 IBM->BOARD IBMADDR BOARDADDR WORD-COUNT -> > 

3 MICRO-ASSEMBLER STOP 
4 [ 0 :: ;SET MICRO-WORD D@ J DLITERAL MIR! 
5 W->BOARD 
6 ( 3 :: SOURCE=PCSAVE ALU=A+1 DEST=PC ;SET MICRO-WORD D@ J 
7 DLITERAL MIR~ CYCLE 
8 FORTH DECIMAL 
9 

10 
11 
12 
13 
14 
15 

tt37 SCR 
0 \ FORTH BOARD I/O PRIMITIVES --
1 HEX 

W->IBM 

2 CODE W-> IBM 
3 ex POP 
4 BEGIN 
5 

< IBMADDR 
DI POP AX 
DX , tt 3E9 
DX , tt 3E8 
DX , tt 3E4 6 

7 
8 
9 

NEXT 
?LOOP UNTIL 
JMP END-CODE 

10 DECIMAL 
11 
12 
13 
14 
15 

SCR tt38 

WCOUNT -> ) \ 
, DS MDV ES , 
MDV AL DX 
MDV AL , DX 
MDV DX , AL 

Factored word 
AX MDV 
IN AH , AL 
IN STOSW 

OUT 

0 \ TRANSFER BOARD RAM TO IBM PC RAM --- BOARD->IBM 
1 HEX 

Mav· 

2 BOARD->IBM < BOARDADDR IBMADDR WORD-COUNT -> > 

3 MICRO-ASSEMBLER STOP 
4 C 0 :: ALU=A DEST=PC ;SET MICRO-WORD D@ J DLITERAL 
5 MIR! ROT X ! 
6 C 1 ·• SOURCE=RAM INC[PCJ ;SET MICRO-WORD D@ J 

7 DLITERAL MIR! 
8 W->IBM 
9 [ 2 :: SOURCE=PCSAVE 

10 
11 
12 FORTH 
13 
14 
15 

DL ITERAL MIR ! 

DECIMAL 

ALU=A+1 DEST=PC ;SET MICRO-WORD D@ J 
CYCLE 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10. 
11 
12 
13 
14 
15 

SCR 
0 
.1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCH 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13. 
1.4 
15 

#39 
\ SAVE MICROCODE IMAGE ON SCREENS 1-8 IN.FILEO 
DECIMAL 

SAVE-MICRO-SCREEN (.SJART~UADDR SCREEN#-> l 
BUFFER OVER 256 + .ROT 
DO I ~ICRO-ASSEMBLER · MZ@ FORTH 3 PICK D! 
DROP UPDATE· 

SAVE-MICROCODE ( -> ) 

4 + LOOP 

ORO SAVE-BUFFERS 0 
228 220 DO DUP . ·I .. 

MICRO-ASSEMBLER STOP .. FORTH 
DUP I SAVE-MICRO-SCREEN 

256 + CR LOOP 
DROP SAVE~BUFFERS 

#40 
\ LOAD MICROCODE IMAGE ON SCREENS 1-8 IN FILEO 
DECIMAL 

LOAD-MICRO~SCREEN < START-UADDR SCREEN# -> 
BLOCK OVER 256 + ROT 
DO 8 0 DO DUP. D@ ROT 4 + LOOP 

I SWAP > R . MICRO-ASSEMBLER M Z ! PAGE . FORTH R > 
8 +LOOP ·DROP ; 

LOAD-MICROCODE < -> > 
ORO SAVE-BUFFERS 0 MICRO-ASSEMBLER STOP FORTH 
228 220 DO DUP . I . DUP I LOAD-MICRo~scREEN 

256 + 1 CR LOOP 
DROP 

#41 
\ SAVE PGMRAM IMAGE ON SCREENS 9- ..• -- IN FILEO 
D.EC I MAL DMQDE 

SAVE-BOARD-SCREEN < BOARD-ADDR SCREEN# -> 
BUFFER 512 BOARD->IBM UPDATE. 

SAVE-BOARD-FORTH < -> I 

ORO SAVE-BUFFERS 0 
MEM~SIZE 0 512 U/MOO SWAP DROP 230 + 230 
DO DUP U. I .U. DUP I SAVE-BOARD-SCREEN 

~12 + CR LOOP 
DROP. SAVE..:.BUFFERS 
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5 
6 
7 
8 
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10 
11 
12 
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#42 
\ LOAD PGMRAM IMAGE ON SCREENS 9- ••• -- IN FILEO 

DECIMAL 
LOAD-BOARD-SCREEN ( START-ADDR SCREEN# -> 

BLOCK SWAP 512 IBM->BOARD 

LOAD-BOARD-FORTH < -> 
ORO 0 SAVE-BUFFERS MICRO-ASSEMBLER STOP 

MEM-SIZE 0 512 U/MOD SWAP DROP 230 + 230 

DO DUP U. I U. DUP I LOAD-BOARD-SCREEN 
512 + CR LOOP 

DROP 

LOAD-ALL LOAD-MICROCODE LOAD-BOARD-FORTH 

SCR #43 
0 \ FORTH BOARD I/O PRIMITIVES -- C->BOARD - 1 

1 HEX 
2 CODE C->BOARD IBMADDR BOARD-ADDA BYTECOUNT -> 

3 AX , # 3E7 MDV ES , AX MDV 

4 ex POP BX POP DI ' SI MDV SI POP 

5 BEGIN < 0 :: ALU=A DEST=PC ;SET 

FORTH 

6 AL , # TO-PC-HI MDV DX , ES MDV DX , AL OUT 

7 AL , # TO-PC-LO MDV DX , # 3E2 MDV DX , AL OUT 

8 < Store count in PC ) AX , AX MDV 

9 AL , BH MDV DX , ES MDV DX , AL OUT 

10 AL , BL MDV DX , # 3EO MDV DX , AL OUT 

11 
12 DECIMAL 
13 
14 
15 

#44 SCR 
0 
1 
2 
3 

\ FORTH BOARD I/O PRIMITIVES -

HEX 

W->BOARD 

( 0 : : DEST=RAM 
AL , # TO-RAM-HI 

4 AL , # TO-RAM~LO 

5 AL , AL XOR 
6 LODSB 
7 BX INC 
8 ?LOOP UNTIL 
9 SI , DI MDV 

10 NEXT JMP END-CODE 
11 DECIMAL 
12 
13 
14 
15 

;SET > 

MDV DX 
MDV DX 

DX , 
DX , 
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, ES MDV 
, # 3E2 MDV 
ES MDV 
# 3EO MDV 

- 3 

DX , AL OUT 
DX , AL OUT 

DX , AL OUT 
DX , AL OUT 



SCR #45 
0 \ TRANSFER IBM PC RAM TO BOARD RAM --- IBM->BOARD<BYTE> 
1 HEX 
2 IBM->BOARD<BYTE> IBMADDR BOARDADDR BYTE-COUNT -> l 
3 MICRO-ASSEMBLER STOP 
4 [ 0 :: ;SET MICRO-WORD D@ J DLITERAL MIR! 
5 C->BOARD 
6 [ 3 :: SOURCE=PCSAVE ALU=A+l DEST=PC ;SET MICRO-WORD D@ J 
7 DLITERAL MIR! CYCLE 
8 FORTH DECIMAL 
9 

10 
11 
12 
13 
14 
15 

SCR #46 
0 \ FORTH BOARD I/O PRIMITIVES -- C->IBM 
1 HEX 
2 CODE C->IBM < IBMADDR COUNT -> > \ Factored word 
3 ex POP DI POP AX ' OS MDV ES ' AX MDV 
4 BEGIN DX , # 3E8 MDV AL , DX IN STOSS 
5 DX , # 3E4 MDV DX , AL OUT 
6 ?LOOP UNTIL 
7 NEXT JMP END-CODE 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

SCR #47 
0 \ TRANSFER BOARD RAM TO IBM PC RAM --- BOARD->IBM<BYTE> 
1 HEX 
2 :· BOARD->IBM<BYTEl < BOARDADDR IBMADDR WORD-COUNT -> > 
3 MICRO-ASSEMBLER STOP 
4 [ 0 :: ALU=A DEST=PC ;SET MICRO-WORD D@ .J DLITERAL 
5 MIR! ROT X ! 
6 C 1 ·• SOURCE=RAM INCCPCJ ;SET MICRO-WORD D@ J 
7 DLITERAL MIR! 
8 C-> IBM 
9 [ 2 :: SOURCE=PCSAVE ALU=A+1 DEST=PC ;SET MICRO-WORD D@ J 

10 DLITERAL MIR! CYCLE 
11 
12 FORTH DECIMAL 
13 
14 
15 
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10 
11 
12 

, __ I 13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
'6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#48 
\ DATA STACK TO BOARD 
HEX FORTH DEFINITIONS 

DS->BOARD < ••• STACKIN .•. -> >~ 
MICRO-ASSEMBLER 

STOP 
DEPTH 1+ NEGATE OFF AND >R 
DEPTH O= IF 0 THEN 
OFF R@ DO 
[ 0 :: DEST=DP ;SET MICRO-WORD D@ J DLITERAL MIR! 

[ 0 :: DEST=DS ;SET MICRO-WORD D@ J DLITERAL MIR! 

LOOP 
0 :: DESJ=DP ;SET R> X! 
[ 0 :: SOURCE=DS ALU=A DEST=DHI INC[DPJ ;SET 

MICRO-WORD D@ J DLITERAL MIR! CYCLE 

FORTH 
DECIMAL 

#49 
\ DATA STACK FROM BOARD 
HEX FORTH DEFINITIONS 

BOARD->DS < -> •.. STACKOUT ..• 
MICRO-ASSEMBLER STOP 

SP! 0 .. SOURCE=DP ;SET X@ OFF AND 
DUP 00 = IF OROP 

-coELSE 1-
1 : : DEC EDP J ; DO 

I X ! 
X! 

[ 2 :: SOURCE=ALU ALU=B DEST=DS ;SET 
DLITERAL MIR! CYCLE 

MICRO-WORD D@ J 

3 ·· DEST=DP ;SET OFE X! 
[ 1 :: SOURCE=DS DEC[DPJ ;SET 

DL ITERAL MIR ! 
MICRO-WORD D@ J 

OFF SWAP DO X@ CYCLE LOOP 

THEN ; 
FORTH DECIMAL 

#50 
\ BOARD 
DECIMAL 
: 8-RES 

VOCABULARY 
FORTH DEFINITIONS 

[ 'INTERPRET@ J LITERAL 'INTERPRET 

VAR !ABLE ' 8 INTER 'INTERPRET@ 'SINTER ! 

VOCABULARY BOARD-voe IMMEDIATE 
{ ( -> 

[COMPILE] 
'SINTER @ 

\ Enter board vocabulary/execution mode 

BOARD-VOC DEFINITIONS 
· INTERPRET ! 

S Get rid of return stack junk ) 
R> R> DDROP 'INTERPRET@ EXECUTE-; 

FORTH DEFINITIONS 
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. SCR #51 -
0 \ NULL FOR BOARD VOCABULARY 

·, 1 HEX · BOARD-:VOC. DEFINITIONS, 
2 : X FORTH BLK @ · \ Redefine · null 

3. IF S1'ATE .@ '?STREAM THEN 
· 4 BOARD--VOC · 

5 
6 . 

. 7 DECIMAL . 
8 I 

9 
10' 

11 
12 
13 

· 14 
15. 

SCR #52 

\ 

0- \ SERVICE ARRAY . . _ 
1 ·DECIMAL FORTH DEFINITlONS-· · 

R> DROP ; 

2CREATE SERVICE:-ARRAY 512 ALLOT "----· 
·. 3 

4 
S . SERVICE-ENTRY ( CFA INDEX -> 
6 ' . · DWP 2.55 > OVER 1 < OR 
7 ABORT" lNVALI~ SERVICE-ENTRY INDEX". 
8 2~ SERVICE~A~~AY + ! ; . 

9 
.10 
11 
12 
13 
14 
15 

SCR #53 - . .. · 
0 \ SERVICE ARRAY INITI~LIZAf ION . 
1 .DECIMAL 

.· 2 ,: · BAD-SERVICE-CALL < .. -> > 

3 1 ABORT" CALL TO BAD SERVICE ' ROUT! NE". ; 
4 
s 
6 
.7 
8 

XXX · \ SCRATCH 
256 1 QO · · ... 

' BAD-SERVICE-CALL CFA 

9 xxx 
10 FORGET XXX 
11 
12 
.13 
14 
15 

. . 

t.· SERVICE-ENTRY LOOP 
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SCR #54 
0 \ SERVICE CALL PRIMITIVES 
1 HEX FORTH DEFINITIONS 
2 RESiART < -> > \ Restart FORTH board for concurrent usage 

3 MICRO-ASSEMBLER [ 3 :: JMP=100 ;SET MICRO-WORD D@ J 

4 DLITERAL MIR! GO FORTH 
5 
6 SERV-PAGE < Board: -> > 
7 RESTART PAGE ; 
8 SERV-PAGE CFA 3 SERVICE-ENTRY 
9 

10 SERV-KEY Board: 0 -> CHAR > MICRO-ASSEMBLER 

11 [ 0 :: ALU=A DEST=DHI ;SET MICRO-WORD D@ J DLITERAL MIR! 

12 KEY X! FORTH RESTART ; 
13 SERV-KEY CFA 4 SERVICE-ENTRY 
14 
15 DECIMAL 

SCR 
0 
1 
2 

#55 
\ SERVIC~ CALL PRIMITIVES 
DECIMAL FORTH DEFINITIONS 

- 2 

3 
4 
5 
6 
7 
8 \ 
9 

10 ' 
11 
12 
13 
14 
15 

SV-2NO < -> 2NO.STACK.ITEM > MICRO-ASSEMBLER 

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

SERV-READ < Board: AD BLK# -> AO BLK# 
X@ FORTH DUP >R 

MICRO-ASSEMBLER 

BLOCK SV-2ND 1024 IBM->SOARDCBYTE> RESTART 

Perform read of next block to have· it avaiable in RAM 

R> 1+ BPDRV MIN BLOCK DROP ; 
SERV-READ CFA 6 SERVICE-ENTRY 
SERV-WRITE < Board: AD BLK# -> AD BLK# > MICRO-ASSEMBLER 

X@ FORTH SV-2NO 
SWAP OFFSET @ + 
RESTART UPDATE 

SERV-WRITE CFA 7 

BUFFER 1024 
SAVE-BUFFERS 
SERVICE-ENTRY 

BOARD-> IBM< BYTE> 

SCR #56 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

\ SERVICE CALL PRIMITIVES - 3 
DECIMAL FORTH DEFINITIONS 

SERV-TERM < Board: 0 -> FLAG > MICRO-ASSEMBLER 

[ 0 :: ALU=A DEST=DHI ;SET MICRO-WORD D@ J DLITERAL MIR! 

?TERMINAL 
IF -1 ELSE 0 THEN X! FORTH RESTART ; 

SERV-TERM CFA 5 SERVICE-ENTRY 
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tt57 
\ SERVICE CALL PRIMITIVES 
HEX FORTH DEFINITIONS 

- 4 
SCR 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

SERV-EMIT C Board: CHAR EPRINT -> CHAR ~PRINT 

10 
11'' 
12 

EPRINT @ MICRO-ASSEMBLER X@ EPRINT ! 
SV-2ND FORTH RESTART 
EMIT EPRINT ! ; 
SERV-~MIT CFA 1 SERVICE-ENTRY 

SERV-CR < Board: EPRINT -> EPRINT ) 
EPRINT @ MICRO-ASSEMBLER X@ EPRINT 
RESTART CR EPRINT ! ; 

SERV-CR CFA 2 SERVICE-ENTRY 

13 DECIMAL 
14 
15 

SCR .tt58 
0 \ SERVICE CALL WAIT LOOP WORD 
1 HEX FORTH DEFINITIONS 
2 \ Uses the DECODE instruction in SYSCALL OFFSET:2 to restart 
3 : NOP ; 
4 ' NOP CFA OFF SERVICE-ENTRY 
5 
6 
7-
8 
9 

BSER\JICE -> ) 
BEGIN 

BEGIN MICRO-ASSEMBLER STATUS FORTH 
MICRO-ASSEMBLER STOP FORTH 

?DUP UNTIL 

10 
11 
12 

DUP >R OFF AND 2* SERVICE-ARRAY + @ EXECUTE 
R> 

13 FORTH 
14 DECIMAL 
15 

SCR tt59 

OFF = UNTIL ; 

0 \ EXECUTE A PROGRAM ON THE BOARD -~ BEXECUTE 
1 HEX .FORTH DEFINITIONS 
2 \ Uses the NOP in~tructidn in INSTR:O OFFSET:7 to run 
3 BEXECUTE C •• STACKIN .. ADDR -> .. STACKOUT •• > 

4 MICRO-ASSEMBLER >R ?STACK 
5 0 :: DEST=STATU$ ;SET 0 X! < Reset st~tus reg > 

6 FORTH DS->BOARD MICRO-ASSEMBLER 
7 1 :: DEST=MPC DECODE ;SET FFOO X! < Boot instruction 
8 2 :: ALU=A DEST=PC ;SET R> X! < Start address > 

9 3 :: JMP=101 ;SET 
10 . II START •. II GO 
11 BSERVICE ... END II CR 
12 FORTH BOARD->DS 
13 FORTH DECIMAL 
14 
15 
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SCR 
0 
1 
2 
3 
4 
5 
6 

tt60 
\ OP-EXECUTE BOARD 
HEX FORTH DEFINITIONS 

OP-EXECUTE < N -> > \ 

MICRO-ASSEMBLER STOP 
FF02 < HALT > 1 Z! 
0 BEXECUTE 

Single step execute a primitive 
0 Z! 

7 \ 
8 

JUMP start the board using the COLD execution vector 

BOARD << -> ( 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 

'5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

5 BEXECUTE 

DECIMAL 

tt61 
\ REDEFINE INTERPRET FOR BOARD VOCABULARY 
DECIMAL FORTH DEFINITIONS 
VARIABLE BOARD-FENCE HERE BOARD-FENCE ! 

BOARD-INTERPRET 
BE'GIN -FIND 

IF 
DROP DUP BOARD-FENCE @ U< 
IF CFA EXECUTE 
ELSE @ OP-EXECUTE 
THEN 

ELSE HERE NUMBER DPL @ 1+ 
NOT IF DROP THEN 

THEN 
?STACK AGAIN ] 

15~' BOARD-INTERPRET CFA 'SINTER 

SCR tt62 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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#63 
\ CROSS COMPILER VOCABULARY SETUP 
DECIMAL 
: C-RES 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

[ 'INTERPRET@ J LITERAL 'INTERPRET ! ; \Restore vector 

10 
11 
12 
13 
14 
15 

VARIABLE 'CINTER 'INTERPRET@ 'CINTER ! 

VOCABULARY CROSS-voe IMMEDIATE 

CROSS-COMPILER < -> > 
[COMPILE] CROSS-voe 'CINTER@ 'INTERPRET 

IMMEDIATE 

CC [COMPILE] CROSS-COMPILER 

#64 
\ CROSS COMPILER VOCABULARY SETUP - 2 
DECIMAL 
CROSS-VOC DEFINITIONS 

FORTH-voe [COMPILE] FORTH ; IMMEDIATE 
MICRO~voc [COMPILE] MICRO-ASSEMBLER ~ IMMEDIATE 

INTERPRET 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

FORTH C-RES [COMPILE] FORTH INTERPRET ; IMMEDIATE 
MICRO-ASSEMBLER C-RES [COMPILE] MICRO-ASSEMBLER 

INTERPRET IMMEDIATE 
10 
11 
12 
13 
14 
15 

: EDITOR C-RES [COMPILE] EDITOR INTERPRET IMMEDIATE 
MICRO-ASSEMBLER DEFINITIONS 
: ;;END [COMPILE] CROSS-COMP'ILER 
CROSS-COMPILER DEFINITIONS 

#65 SCR 
0 \ CONSTANTS FOR MICRO-CODE REFERENCES BY CROSS-ASSEMBLER 
1 HEX CROSS-COMPILER DEFINITIONS 
2 FFOl CONSTANT [EXITJ FF29 
3 FF02 CONSTANT [HALT] FF3B 
4 FF04 CONSTANT [DOVARJ FF4E 
5 FF05 CONSTANT [DOCONJ FF03 
6 FF13 CONSTANT [OBRANCHJ 
7 FF19 CONSTANT [•DOJ 
8 FFlA CONSTANT [#LOOPJ 
9 FF20 CONSTANT [+LOOPJ 

10 FF22 CONSTANT [/LOOPJ 
11 FF2E CONSTANT [LOOPJ 
12 
13 
14 
15 DECIMAL 
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[DOJ 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

#66 
\ CROSS-COMPILER DICTIONARY HANDLING 
DECIMAL CROSS-COMPILER DEFINITIONS 
7 CONSTANT USER-AREA 
VARIABLE BOP 80 BOP ! \ 7 •. 80 is USER area 

SHERE C -> N 
BOP @ ; 

8, C N -> > 

SHERE MICRO-ASSEMBLER Z! CROSS-COMPILER 1 BOP +! 

BLITERAL N -> 
STATE @ 
IF [LlTJ 8, 8, THEN 

DBLITERAL ( N -> 
STATE @ 
IF SWAP [LlTJ 8, 8, [LITJ 8, 8, THEN 

#67 
\ CREATE FOR CROSS-COMPILER 
HEX CROSS-COMPILER DEFINITIONS 
VARIABLE BLATEST 0 BLATEST 

BCREATE C ~> ) \ Create a header on both IBM and Board 
[COMPILE] BOARO-VOC DEFINITIONS FORTH CREATE 
CROSS-COMPILER C At run time BOARD-VOC is still current 
BLATEST @ 8, SHERE BLATEST 
LATEST C@ 01F AND 8000 OR 
LATEST DUP C@ 01F ANO 0 

8, 

DO 1+ OUP C@ 7F AND 8, LOOP 
[COMPILE] CROSS-voe DEFINITIONS 

BSMUDGE 
BLATEST 

( -> ) 
Z@ 

DROP 

2000 XOR 
14 SWAP Z! 

@ DUP MICRO-ASSEMBLER 
CROSS-COMPILER 

15 DECIMAL 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#68 
\ OPCODE: ~-- DEFINE A MICROCODE DEFINITION 
HEX CROSS-COMPILER DEFINITIONS 

OPCODE: C N -> > C LOADING: Usage 17 OPCODE: <name> ) 
C Executing <name> gives address of variable With N + FFOO 

MICRO-ASSEMBLER OUP INSTRUCTION CROSS-COMPILER 
BCREATE· FFOO OR DUP , 8, C DEFAULTs to VARIABLE l 
BLATEST @ MICRO-ASSEMBLER 
OUP Z@ 1000 OR SWAP' Z! 
CROSS-COMPILER [EXIT] 8, 

[COMPILE] MICRO-voe 

CROSS-COMPILER DECIMAL 

79 



SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

#69 
\ ABORT" II FOR CROSS-COMPILER 
HEX CROSS-COMPILER DEFINITIONS 
VARIABLE ABORT"-ADDR VARIABLE ."-ADDR 
BOARD-voe DEFINITIONS 

ABORT" < FLAG -> ) 
ABORT II -ADDR @ B' 22 
COUNT DUP 8, bVER + 
DO I C@ B, 1 /LOOP 

CROSS-COMPILER 
WORD 

SWAP 
IMMEDIAT!:: 

9 • • It ( -> ) CROSS-COMPILER 
WORD 10 ."-ADDR @ B, 22 

11 COUNT DUP B, OVER + SWAP 
12 DO I C@ B, 1 /LOOP IMMEDIATE 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

CROSS-COMPILER DEFINITIONS DECIMAL 

#70 
\ IF .. ELSE .. THEN FOR CROSS-COMPILER 
HEX BOARD-VOC DEFINITIONS 
: IF < -> PATCH-ADDR 222 

CROSS-COMPILER COBRANCHJ B, BOP @ 
IMMEDIATE 

: THEN < PATCH~ADDR -> 222 ) 
CROSS-COMPILER 222 ?PAIRS 
BOP @ SWAP MICRO-ASSEMBLER 

CROSS-COMPILER IMMEDIATE 
Z I • . ' 

0 B, 

11 : ELSE < PATCH-ADDRl 222 -> PATCH-ADDR2 222 ) 

222 ; - ' 

12 CROSS-COMPILER 222 ?PAIRS CBRANCHJ B, BOP @ 0 B, 
13 SWAP 222 BOARD-VOC CCOMPILEJ. THEN 222 
14 IMMEDIATE 
15 CROSS-COMPILER DEFINITIONS DECIMAL 

#71 
\ CROSS COMPILER BEGIN AGAIN 
HEX BOARD-voe DEFINITIONS 
: BEGIN < -> JMP-ADDR 333 ) 

SCR 
0 
1 
2 
3 CROSS-COMPILER ?COMP BOP @ 
4 IMMEDIATE 
5 
6 
7 
8 
9 

10 
11 
12 
13 

' ' 

: AGAIN ( JMP-ADDR 333 -> > 

CROSS-COMPILER 333 ?PAIRS 
IMMEDIATE 

: UNTIL < JMP~ADDR 333 -> > 

CROSS-COMPILER 333 ?PAIRS 
IMMEDIATE 

UNTIL 

333 ; 

CBRANCHJ B, 

C08RANCHJ 8, 

14 
15 

CROSS-COMPILER DEFINITIONS DECIMAL 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

tt72 
\ CROSS COMPILER .. WH/ILE ·REPEAT 
HEX BOARD-VOC. DEFINITIONS 
: WHILE < JMP-ADDR 333 -> JMP-ADDR 333 PATCH-ADDR 224 > 

(COMPILEJ IF 2+ 
IMMEDIATE 

:·REPEAT 
>R >R 
R> R> 

IMMEDIATE 

< JMP-ADOR 333 PAT.CH-ADDR 224 ~> > 

(COMPILEJ AGAIN_ 
2- (COMPILEJ THEN 

CROSS-COMPILER DEFINITIONS DECIMAL 

#73 
\ CROSS COMPILER · #DO #LOOP DO 
HEX BOARD-VOC DEFINITIO_NS 
: #00 < -> JMP-ADDR 3333 > 

CROSS-COMPILER (#DOJ B, BOP @ 

IMMEDIATE 
3333 

: #LOOP < JMP-ADDR 3333 -> ) 
CROSS-COMPILER 3333 ?PAIRS I#LOOPJ B, 

IMMEDIATE 

: DO ( -> JMP-ADDR 4444 > 

CROSS-COMP ILER ( D.O J B, BOP @ 4444 ; 
IMMEDIATE 

CROSS-COMPILER DEFINITIONS DECIMAL 

#14. 
\ CROSS-COMPILER LOOP /LOOP +LOOP 
HEX BOARD.-VOC DEFINITIONS 
: LOOP C JMP-ADDR 4444 -> > 

B, 

CRO$S:-COMPILER 4444 ?PAIRS 
IMMEDIATE 

(LOOPJ B, B' ., 

: /LOOP < JMP-AD~ 4444 :-> > 

CROSS-COMPILER 4444 ?PAIRS 
IMMEDIATE . 

: +LOOP < JMP-ADDR 4444 -> > 

CROSS-COMPILER 4444 ?PAIRS 
IMMEDIATE 

l:/LOOPJ 

(+LOOPJ 

CROSS-COMPILER DEFINITIONS DECIMAL 
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SCR #75 . 
0 \ CONSTANT VARIABLE USER FOR CRbss.,..,cOMP'rLER 

1 .HEX CROSS-COMPILER . DEFINITIONS 

2 ·VARIABLE DOUSE--ADOR \ MUST be. set by cross~compi led code 

3 
4 :. VARIABLE 
5 BCREATE SHER~ · , 

6 EDOVARJ a, 0 a, [COMP I LE J CROSS-COMPILER . DEFINITIONS 

7 
8 : . CONST.ANT 
9. . BCREATE 

< VALUE ~> . > 

BHERE 

10 EDOCONJ B, B,. C C.OMP I LE J CROSS-'-COMP ILER DEFINITIONS 

11 ·· 
USER < VALUE -> 

BCREATE SHERE , 

; 

; 

12 
13 
14 
15 

DOUSE.;..ADDR @. 8' 8' CCOMPILEJ CROSS-COMPILER DEFINITIONS ; 

SCR 
0 
1 
2 
3 
4 
5 

;6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

. 1 () 
11 
12 
13 
14 
15 

DECIMAL .. 

#76 
\ BOARD VOCABULARY DEFINITIONS & UTILITIES 

DECIMAL BOARD-voe DE~INitIONS 

: > < .-> > · \ Leaye. board vacabuiary/execution made · 

8-RES [COMPILE] CROSS-voe DEFINITIONS . 

R> R> DDROP 
[COMPILE] CROSS-COMP)LE~ 

CROSS-voe DEFINITIONS 

BL I ST 

a· 

cc6MPILEJ BOARD-voe 

ECOMPILEJ 80ARD""'.V0C 
[COMP ILE l CROSS-voe. 

VLIST [COMPIL.El CROSS-voe ; . 

(COMPILE]· •. 
; IMMEDIATE. 

#77 . c . 

\ < ; DEFINITION i="OR CROSS-COMPILER 

HEX 
SOARD-VOC DEFINITIONS 

< \ Require~ ta alla~ stack comment~ 

~1 >IN~! 29 WORD C@ 1+ HERE.+ 

C@. 29 = NOT ?STREAM IMMEDIA.TE 

CROSS-voe •.[EX ITl 8' CCOMPIL.El. CROSs.,..,~oc .D,EF:lNITIONS 

BSMUDGE SMUDGE E,COMPILEJ [ ; lMMEDIA"rE 

CROSS-COMPILER . DEFINITIONS DECIMAL 
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#78 
\ SEAL BOARD VOCABULARY 
HEX BOARD-VOC 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

' X ( X is the null used 
FORTH DEFINITIONS 

in the BOARD vocabular-y 

80CO OVER NFA Make null header- out of X 

10 
11 
12 
13 
14 
15 

LFA 
HERE BOARD-FENCE 

DECIMAL 

#79 

0 SWAP 

\ COLON DEFINITIONS FOR CROSS-COMPILER 

HEX 
CROSS-COMPILER DEFINITIONS 

IMMEDIATE < -> ) 
BLATEST @ MICRO-ASSEMBLER 

DUP Z@ 4000 OR SWAP Z! FORTH 

< Usage: : <name> 

CROSS-COMPILER 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

BCREATE SHERE 
) 

CCOMPILEJ 
FORTH 

BOARD-voe 

10 
11 
12 
13 
14 
15 

SMUDGE BSMUDGE J 

CROSS-COMPILER DECIMAL 

SCR #80 
0 \ REDEFINE INTERPRET FOR CROSS-COMPILER 

1 HEX FORTH DEFINITIONS 
2 VARIABLE CROSS-FENCE HERE CROSS-FENCE 

3 CROSS-INTERPRET 
4 BEGIN -FIND 
5 IF STATE @ < 
6 OVER CROSS-FENCE @ U> 

7 IF IF @ CROSS-COMPILER B, FORTH 

8 ELSE @ CROSS-COMPILER OP-EXECUTE FORTH THEN 

9 ELSE ABORT"· ILLEGAL COMPILAND" CFA EXECUTE THEN 

10 ELSE HERE NUMBER DPL @ 1+ 

11 IF CROSS-COMPILER DBLITERAL FORTH 

12 ELSE DROP CROSS-COMPILER BLITERAL FORTH THEN 

13 THEN ?STACK AGAIN 
14 CROSS-INTERPRET CFA 'CINTER ! 

15 DECIMAL CROSS-COMPILER FORTH DEFINITIONS 

83 



#81 SCR 
0 
1 
2 
3 
4 
5 

< MICRO. GBH 01/05r86 12:09:54:62 

DECIMAL MICRO-ASSEMBLER DEFINITIONS 
MICRO~HEADER . 

CR . ". E AS SC COND ADR MP DE PC DH~ OLD RP DP M ALU 
." DEST SOURCE" ; 

<MICRO.> BASE @ >R 2 BASE ! 

· 6 <# # # # # 32 HOLD 32 HOLD # # # # 32 HOLD 32 HOLD 

7 # # #. # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD 
8 # # 32 HbLD 32 HOLD # # 32 HOLD 32 HOLD 

II 

9 # # 32 HOLD 32 HOLD # # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD 

10 # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD # # 32 HOLD 32 HOLD 

11 # # # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD # 

12 #> CR TYPE R> BASE f ; 

13 MICRO. C DMICRO-WORD -> > \ Disassembler a microcode word 

14 MICRO""'HEADER <MICRO.> ; 
15 FORTH DEFINITION~ 

SCR #82 
0 C MICRO. GBH 01/05/86 12:09:54:62 J 

.1 DEC I MAL MI CRO--ASSEMBLER DEFINITIONS 
2 MICRO-HEADER 
3 CR ." E AS SCCOND ADRMP DE PC DHI OLD RP DP M ALU " 

4 ." DEST SOURCE" ; 
5 <MICRO~> BASE @ >R 2 BASE ! 

6 <# # # # # 32 HOLD 32 HOLD # # # # 32 HOLD 32 HOLD 
7 # # # # 32 HOLD 32 HOLD. # 31 HOLD 32 HOLO 
8 # # 32 HOLD 32 HOLD # # 32 HOLD 32 ~OLD . 

_ 9 # # 32 HOLD 32 HOLD # # 32 HOLD 32 HOLD # 32 HOLD 32 HOLD 

10 # 32 HOLD 32 HOLD #. 32 HOLD 32 HOLD # I 32 HOLD 32 HOLD 

11 # # # 32 HOLD 32 HbLO I 32 HOLD 32 HOLD # 32 HOLD 32 HOLD # 

12 #) CR TYPE R> BASE ! ; 

13 MICRO. ( DMICRO-WORD -> ) \ Disassembler a microcode word 

14 MICRO-HEADER <MICRO.> 
15 FORTH DEFfNITIONS 

SCR #83 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 

#1 
INDEX 

. i · .. ~.. . 

K .. 

'.._..;'! 

\ 

MVP-FORTH/16 MICROASSEMBLER SOURCE PHIL KOOPtl 

2 
3 

MVP-FORTH VERSION L.AST UPDATE: 3/14187 

4 <C> COPYRIGHT 1986, 1q97 

5 
6 Phi 1 .Koopman, Jr & WlSC Technologies, Inc. 

7 
8 
9 

SCREENS 
======== 

10 2 
11 3 
12 
13 
14 
15 

4 -
119 -
165v-
236 -

SCR #2 

117 
163 
231 
260 

CONTENTS 
---------------~-

LOAO SCREEN FOR KERNEL/lb <FROM IBM> 

LOAD SCREEN TO f IN I SH MVP-FORTH/ 16 DEFINITIONS 

NORMAL KERNEL MICROCODE 
ADDITIONAL MICROCODE WORDS 
KERNEL/16 CROSS-COMPILE SOURCE 

SOURCE~ TO COMPLETE MVP.-FORTH/ 16 

0 \ LOAD SCREEN FOR MICROCODE & KERNEL/16 -- LOAD FROM PC 

1 'DEC.IMAL 
2 CR CR ." Cross-compqing MVP-FORTH/16 microcode and kernel." CR 

3 ." <C> Copyri~ht 1986, 1987 " CR 

4 ." Phil Koopman, Jr. & WISC Technologies, Inc. " CR CR 

5 5 .231 THRU 
, 6 CR CR ." Load complete." CR CR 

7 " Plea$.e execute BOARD and then 3 LOAD." CR 

8 
9 

10 
~ 11 

12 
13 
14 
15 

85 



$CR #3 ·· 
0 \ LOAD SCREEN FOR MVP.:...FORTH/16 COMPLETION'.""' .... LOAD FROM CPU/16 

·1 DECIMAL. . 
2.236 260 tHRU 
3 CR CR ." Remainder of MVP""FORTH/16 loaded. 11 CR 

4 11 CC> Copyright' 1986, 1987 11 CR . 

S • 11 Phil Koopman, Jr. · ·. 8c WISC lechnologies ~ Inc:•· 11 CR CR .· 

'6 II Please executfa BYE to the PC host and do a II CR 

7 ii SAVE-MIC.ROCODE and ~ SAVE~BOARD-FORTH 11 CR CR 

.8 
9. 

10 
11 
12 
13 
~4 .·. 

15 

SCR 
0 
1 
2 
3 
4 

#4 . 

\ MICROCODE SOURCE - NOTES 

CROSS-COMPILER EXIT 
NOTES: 1~ icip elemen~ of data stack i$ in O~I reg~ 

5 
6 
7 
8 
9· 

10 
11 
12 
13 / .· 
14 
1.5 

2~ Mi~roprogram c~unter ~s latch•d ~t the end of th• 

clock cyc:le~ so: there is a 1 eye le 'tl.elay between the 

DECODE operation and ~he jum~. . . 

3. Condition C:di;fes are captured. at .the end Of the clock 

cycle; requiring .a w.1lit to the next cycle for a 
c.c:indi tional branch · . ·. · · .. ·. · ·.·. 

4. DP, RP, PC., MPC a.re incremented at end of cycle 

5 •. DP points to 2nd element, RP point$ to top element 

6. PC points to wor:d after .current instruction. except 

l,.ihen .. DECOOEing a. nOh...::colon word. <not INC'ed then> 

7. Return address on stack needs to be incremented 

before ·use. 1. 

SCR #5 .. .· .. 
0 \ MICROCODE ---- DOCOL(3)' <n l ::: # clock cycles 

1 DECIMAL,. CROSS-COMPI.LER· 

2 0 OPCODE: DOCOL < -> )·· < return: ..;;> ADDR .. 

3 0 n . SOU.RCE:::iRAM· AL.U='A DEST=PC PECCRPl ; ; . \ PC<'.'""New PC value . 

· · 4 1- : :i: DECODE SOURCE;:PCSAVt: DEST=RS ;; 

5 \ PUSHCR$l<'.'"" Old PC 

· 6 2 : : · END ; ; \: NOP while Jumping to next op code 

7 .. .. 

B \ Special NOP f.or initialization u$e after downloaded DECbOE. 

9· 5· :: ;_;_, .. t 

.10 6 : : DECODE. ; ; 
· 11 ·. 7 : : E;ND .. ; ; . 
12 ·;;END .. 
13. 
14 
15 
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11 
I_~ 

I 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

I~ 

\ I 

#6 
\ MICROCODE --
DECIMAL 

SEMIS<3> 

1 OPCODE: 
0 : : 

SEMIS C -> ) C return: ADDR -> > 

1 •• . . SOURCE=RS ALU=A+l DEST=PC INC[RPJ ;; \PC<~ POP[RSJ 

DECODE ; ; 
2 •• . . 

; ;END 

#7 

END ;; 

\ MICROCODE --- HALTC2> 
DECIMAL 

\ NOP while DECODE effected 

2 OPCODE: HALT < -> ) \ ~1 is flag to IBM host 
0 :: SOURCE=ALU ALU=•1 DEST=STATUS ;; 
1 :: JMP=OOl ;; \ Infinite loop 

; ;END 

#8 
\ MICROCODE --- SYSCALLC6+host delay> 
DECIMAL 
3 OPCODE: SYSCALL C DATA! 

0 •. SOURCE=ALU ALU=B 
1 ·• SOURCE=DS ALU=A 
2 ·· SOURCE=ALU ALU=B 

N -> DATA2 > 
DEST=STATUS ,, 

DEST=DHI INCIDPJ ; ; 
JMP=OlO ;; \ Infinite loop 

\ Restart at address 4 
4 • • ; ; 
5 •• SOURCE=ALU ALU=O DEST=STATUS 
6 . • END. ; ; 

; ; END 
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SCR #9 
0 \ MICROCODE ~~- DOVARC4) 
1 DECIMAL. .. •. 
2 4 OPCODE: DOVAR ( -> AD~DR > . \ A.lso performs EX IT 
3 0 := .· SOURCE=RS ALU=A+ 1 DEST=PC ' 
4 • . . . . . ... · INCCRPl .· ... DE:CCDpJ ·.;; ·· 

5 1 : : SOURCE=·ALU ALU=8 DEST=DS , , 

6 
7 

2 : : SOURCE=PCSAVE ' AL.U=A+ 1 DEST.:i:DH I DECODE '; ; 

3 : : 
8 ;;END 

.9 
10 
11 
12 ' 

' .13 
. 14. 

15. 

SCR #10 

END ; ; . 

··. · .. · .. ':. ·. 

O \ MICROCODE --~ bOC0N(4) . 
1 DECIMAL . 
2S'OPCODE:: DOCON ' ( -~ VALUE > · \ Also perfrirms EXIT 

·3 . 0 : : SOURCE=RAM 
4 . 1 : : . SOURCE=RS 
5 2 : : SOURCE=ALU 
6 
7. 

.8 
9 

10 
11 
12 
1:-S 
14 
15 

3 : : .. SOURCE=DLO 
; ;END 

SCR #11 

DE:ST=DLO. , , 
ALU=A+1 DEST=PC 
.. ALU=B · DEST=DS 

ALU=A· DEST=DHl 

0 \ .MICROCODE 
1 DECIMAL 

! C6f 

2,6 OPCODE: ( N.ADDR ~> ) 
' 3 0 : : . SQURCE=~LU ' ALu=e . DEST=PC 

INCCRPJ DECCDPJ 
DECODE ; ; 

END ; ; 

. ; .;. .. \ PC<-ADDR 
.1 . : : . 

.· 2' -:.:· 
; ; . . ... ·.· . . . . . .. 

SOURCE=DS DEST=RAM . INC~DPl ; ; \ RAM<,:_N. 

;. ; .· 

3 .• SOURCE='PCSAVE ALU=A+1 OE'.ST=PC ·'' \ Restore PC 

4 .. . . . SOUR(:E'=DS ALU=A DEST=DHI INCCDPJ 

·4 
5 
6 
7 
8 
9· 

DECODE ; ; .\ Update Top of S.tack 

5 :. : 
10 
11 ; ; END 

. 12 
' 13 
14 
15 

END ; . .; 
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' I L _,i 

\ I 
L _1 

I I 

SCR 
0 
1 
2 
3 

,4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#12 
\ MICROCODE 
DECIMAL 

#LEAVE<2> 

7 OPCODE: #LEAVE \ Set COUNT on return stack = 0 for #LOOP 

0 •• . . SOURCE=ALU ALU=O DEST=RS DECODE ;; ~~ 

1 •• . . END ; ; 
; ;END 

#13 
\ MICROCODE 
DECIMAL 

'l.DP!'l.<2> 

' 8 OPCODE: 
0 : : 
1 •• . . 

; ;END 

#14 

I.DP!/. < N -> > 
SOURCE=ALU ALU=B 
SOURCE=DS ALU=A 

DEST=DP 
DEST=DHI 

DECODE 
INCCDPJ 

\ update top of stack 

,, \ DP<-N 
END ; ; 

\ MICROCODE 
DECIMAL 

'l.DP@f.<3> 

9 OPCODE: 
0 : : 
1 •• 

2 : : 

; ;END 

'f.DP@'f. < -> N ) \ N returns SP after pushing DHI 

DECCDPJ , , 
SOURCE=ALU 

SOURCE=DP 

ALU=B DEST=DS DECODE ;; 
\ save old top of stack 

ALU=A DEST=DHI END ;; 

89 
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· ... ) 

SCR #15 
0 \ MIC~OCOD~~-~ XRP!%C2~ 
1 DECIMAL 

·. 2 10 OPCODE : %RP ! Xl C. 

3 0 · :. : . SOURCE=ALU 
4 1 :: S0URCE=DS 

N -> .) 
ALU=B DEST=RP 

ALU'=A DEST=DHI 
DECODE 
.INCCDPJ 

5 
6 
7 
8 

\ update top of. stack 

9 
10 
11 
12 
13 
1.4 
15 

SCR 
0 
t 

·2 

; ;END 

#16 
\ MICROCODE -~- XRP@XC3> 
DECIMAL . 
11 . OPCODE : XRP@'l.. < . - > N ·> 

0 : : DEC[DPJ . ; ; 

,, \ RP<-N 
END ; ; 

3 
4 
5 
6 

1 :: SOURCE:ALU ALU=B DEST=DS DECODE. ;; 
\ sav• old top of stack 

2 : : ' SOURCE=RP ALU:;:A. DEST=DHI END. ;; \ DHI<-RP 

~ 
8. ; ;END 
9. 

10 
11 
12·· 
13 
14 
15 

·. SCR 
()· 

1 
2 
3 

tU7 . 
\ MICROCODE ~-- +<2> 
QECIMAL . 
f2 OPCODE: + (' Nl N2 -> NSUM > 

() : : DECODE .. ; ; 
4 ( 1 :: .SOURCE=DS ALLi=A+B DEST=DHI INCCDPJ 
5 
6 ; ; END 

·7 

8 
9 

10 
11 . 
12 
13 
14 
15 

END ; ; \ ADD N 1 , N2 . 
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SCR 
0 
1 
2 
3 

l~i 4 
I I 5 L_I 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

\ l 
LJ 

#18 
\ MICROCODE-~- +~<7> 

DECIMAL 
13 OPCODE: +! < N ADDR -> > 

0 •• SOURCE=ALU ALU=B DEST=PC ;; 
1 :: SOURCE=DS ALU=A DEST=DHI INCCDPJ ;; 
2 •• SOURCE=RAM ALU=A+B DEST=DHI ;; 
3 •• SOURCE=ALU ALU=B DEST=RAM ;; 
4 •• SOURCE=PCSAVE ALU=A+t DEST=PC ,, 
5 •• SOURCE=DS ALU=A DEST=DHI INCCDPJ DECODE ;; 

6 :: END ;; 
; ;END 

tH9 
\ MICROCODE --- -<2> 
DECIMAL 
14 OPCODE: - < Nl N2 -> NSUM ) 

0 :: DECODE ,, 
1 :: SOURCE=DS ALU=A-8 DEST=DHI INCCDPJ 

END ;; \SUBTRACT N1-N2 
; ; END 

#20 
\ MICROCODE -ROT<5> 
DECIMAL 
15 OPCODE: -ROT < Nl N2 N3 -> N3 Nl N2 ) 

0 •. SOURCE=ALU ALU=B DEST=DLO DECCRPJ ;; 
1 : : SOU.RCE=DS .. ALU=A DEST=DH I I NC [DP 3 ; ; 

2 .. SOURCE=DS DEST=RS ;; 
3 .• SOURCE=DLO DEST=DS OECCDPJ DECODE ;; 

4 .. SOURCE=RS DEST=DS INCCRPJ END;; 

; ;END 

91 

\ DL0<.,..N3 
\ DHI<-N2 
\ RS<-Nl 
\ DS <,...N3 
\ DS<-Nl 



#21 
\ MICROCODE --- 0<3> 
DECIMAL 
16 OPCODE: 0 < -> 0 

0 :: DECCDPJ ,, 

SCR 
0 
1 
2 
3 
4 
5 

1 :: SOURCE=ALU ALU=B 
2 :: ALU=O DEST=DHI 

DEST=DS 
END . ; ; 

DECODE 

6 ·;;END 
7 
8 
9 

10 
11 
12. 
13 
14 

'.15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#22 
\ MICROCODE 
DECIMAL 
17 OPCODE: O< < 

0 : : ALU=B 
1 : : DECODE 

0((3) 

N -> FLAG > 
; ; 

JMP=01S ;; 

< >=O ) 2 :: 
( <O ) 3 : : 
; ;END 

ALU=O DEST=DHI 
ALU=-1 DEST=DHI 

END 
END 

#23 
\ MICROCODE --- 0=<41 
DECIMAL 
18 OPCODE: O= < A -> FLAG l 

0 :: ALU=notB ;; \Test 
1 : : ALU=notB , , \ Test 
2 :: JMP=lOE DEtODE ;; 

<> l 4 :: ALU=O DEST=DHI 
= > 5 :: ALU=-1 DEST=DHI 

; ;END 

92 

for =O 
for =O 

END ; ; 
END ; ; 

; ; 
; ; 

; ; 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 

~-_) 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

j I ' • _I 

#24 
\ MICROCODE OBRANCHC5/6) 
DECIMAL 
19 OPCODE: OBRANCH , < FLAG -> 

0 : : ALU=notB ; ; 
1 : : ALU=notB ;; \see if FLAG= 0 
2 : : SOURCE=RAM DEST=DLO \ Read branch addr into DLO 

INCCPCJ JMP=10E 4 ->NOT= 5 -> =) ;; 

4 .. DECODE JMP=111 . . FLAG<>O 

·FLAG=O 5 .. SOURCE=DLO ALU=A 

6 : : 
7 •• 

; ;END 

#25 

DECODE ' ' SOURCE=DS ALU=A 
END ; ; 

\ MICROCODE --- 1+<2> 
DECIMAL 

-> N+1 > 

DEST=DHI 

; ; 

DEST=PC 

INCCDPJ 

20 OPCODE : 1 + , < N 
0 :: SOURCE=ALU 
1 :: SOURCE=DLO 

ALU=B DEST=DLO DECODE ;; 
ALU=A+1 DEST=DHI END ;; 

; ; END 

#26 
\ MICROCODE --- 1-<2> 
DECIMAL 

-> N-1 ) 1 

; ; 

\ 

21 OPCODE: 1- C N 
0 •• SOURCE=ALU 
1 :: SOURCE=DLO 

ALU=B DEST=DLO DECODE ;; 
ALU=A-1 DEST=DHI END ;; 

; ;END 
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SCR #27 
0 \ MICROCODE 
1 DECIMAL 
2 22 OPCODE: 2* < 
3 0 :: SOURCE=ALU 
4 1 :: SOURCE=DLO 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

; ;END 

#28 

N -> 2*N > 
ALU=B DEST=DLO DECODE 
ALU=A+A DEST=DHI END 

SCR 
0 

. 1 
\ MICROCODE -~- 2/(4/517> 
DECIMAL 

) 

DEST=DLO ;; 

; ; 
; _; 

2 
3 
4 
5 
6 
7 
8 
9 

23 OPCODE: 2/ < N -> N/2 
0 :: SOURCE=ALU ALU=B 
1 :: SLCDHIJ ALU=B JMP=01S ; ; 

10 
11 

positive.) 2 : : SRCOLOJ DECODE JMP= 111 . ; ; 

negative > 3 
<>-1 ) 4 : : 

6 •• 

.. SOURCE~DLO ALU=A+1 DEST=OHI JMP=10E ;; 
SOURCE=ALU ALU=B DEST=DLO JMP=110 ;; 

ALU=-1 DEST=DHI JMP=OlO ;; 

12 ( =-1 ) 
13 

5 :: SOURCE=ALU ALU=O DEST=DLO JMP=111 DECODE ;; 
7 •• SOURCE=DLO ALU=A D~ST=DHI END ~; 

14 
15 ; ; END 

#29 
\ MICROCODE 
DECIMAL 

« 4/5) 

-> FLAG > 

SCR 
0 
1 
2 
3 
4 
5 

24 OPCODE: < < A B 
0 : : SOURCE=DS 
1 ·· SOURCE::=DS 

ALU=AxorB ,, \Test for different signs 
ALU=A-B JMP=01S ;; 

6 ( 
7 
8 
9 

10 

Same sign ~nputs ) 
2 .. DECODE INCtDPJ JMP=lOS 

>= 4 :: ALU=O DEST=DHI 
< 5 :: ALU=-1 DEST=DHI 

; ; 
END 
END 

; ; 
;· ; 

11 Different sign inputs -- < if A is negative 
12 3 := SOURCE=DS ALU=A JMP=010 ;; 
13 
14 ; ;END 
15 
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SCR 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15. 

#30 
\ MICROCODE <#DO>C4> 
DECIMAL 
25 OPCODE: <#DO> C N -> ) 

0 :: SOURCE=ALU ALU=B DEST=OLO DECCRPJ ;; 
1 .• SOURCE=DLO ALU=A-1 DEST=DHI ;; 
2 :: SOURCE=ALU ALU=B DEST=RS DECODE ;; \RS<- N 
3 •• SOURCE=DS ALU=A DEST=DHI INCtDPJ END ;; 

\ Update DHI · 
; ;ENO 

#31 
\ MICROCODE --~ <#LOOP>C~/7) 
DECIMAL \ Terminate loop when 

--- COUNT-DOWN LOOP N-1 ... o' 
count crosses to -1 

26 OPCODEi <#LOOP> < -> 1 
0 :: SOURCE=ALU ALU=B DEST=DLO ;; \ Stash top of stack 

#32 

1 •• SOURCE=RS ALU=A-1 
2 : : SOURCE=RS ALU=A-1 . 
3 •• SOURCE=RAM DEST=RS 

JMP=OOE 

\ MICROCODE --- <#LOOP> - - 2 
DECIMAL 
27 CURRENT-PAGE ! 

,, \Decrement counter 
DEST=DHI INCEMPCJ ; ; 

INCCPCJ \ grab branch addr 
5 -> end loop, else 4 ) ; ; 

< count<>-1 > 0 :: SOURCE=RS ALU=A DEST=PC JMP=111 ;; 
\ Branch PC I JMP TO 7 

7 :: SOURCE=ALU ALLi=B DEST=RS DECODE JMP=010 ;; 

count=-1 ) 1 :: DECODE INCERPJ ; ; \ exit loop 

2 ·· SOURCE=DLO ALU=A DEST=DHI END ;; \Restore t.o.s. 
; ;END 
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SCR #33 
0 \ MICROCODE --- ($=><APPROX 14*N> 
1 DECIMAL \ Match text portions of a string 
2 28 OPCODE: ($=) ( ADl AD2 CNT -> MATCH=FLAG. 
3 \ Increments AD1 AD2l Decrements CNT until = 0 or no match 
4 0 :: ALU=ndtB ;; \Test counter=O 
5 l :: ALU=notB ,~ \Test counter=O 
6 2 :: SOURCE=ALU ALU=B DEST=DLO JMP=lOE ;; 
7 \ Done -- exit 
8 5 :: ALU=-1 
9 6 :: INCCDPJ 

Non-zero count 

DEST=DHI INCCDPJ DECODE ; ; 
END ;; 

compare a cell 10 \ 
u 
12 
13 
14 
15 

4 :: SOURCE=DS 
3 . • SOURCE=DS 
7 : : SOURCE=ALU 

ALU=A DEST=PC JMP=Oll ;; 
ALU=A+l DEST=DHI . INCCMPCJ JMP=l 11 ; ; 

ALU=B DEST=DS INCCDPJ JMP=OOO ;; 

SCR #34 
0 \ MICROtODE ---'- <S=> ~· 2 
1 DECIMAL \ M~tch te~t portions of a string 
2 29 CURRENT-PAGE ! 
3 0 : : SOURCE=.RAM ALU=A DEST=DH I ; ; 
4 1 :: SOURCE=DS ALU=A DEST=PC ;.#. 
5 2 •• SOURCE=RAM ALU=AxnorB ;; 
6 3 :: SOURCE=RAM ALU=AxnorB INCtMPCJ ,, 
7 4 •• SOURCE=PCSAVE ALU=A DEST=PC JMP=OOE ;; 
8 
9 

10 
11 
12 ,, 

13 
14 
15 

SCR #35 
0 \ MICROCODE ---'- .<$=> -- 3 
1 DECIMAL \ Match text portions of a string 
2 30 CURRENT~PAGE ~ 

3 \ No match -- terminate search 
4 0 :: SOURCE=PCSAVE ALU=A+l DEST=PC JMP=110 ;; 
5 6 • • ALU=O DEST=DH I IN"cc DP] DECODE ; ; 
6 7 •• END;; 
7 
8 characters match -- repeat \ String 
9 SOURCE=DS ALW=A+l DEST=DHI ;; 1 .. . . 

10 SOURCE=ALU ALU=B DEST=DS DECCDPJ DECODE ;; 2 .. 
11 SOURCE=OLO ALU=A-1 DEST=DHI END ;; 3 .. 
12 
13 ; ;END 
14 
15 
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SCR 
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SCR 
0 
1 
2 
3 
4 
5 
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8 
9 

10 
11 
12 
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14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#36 
\ MICROCODE --- <+LOOP><617S 
DECIMAL \ IMPLICIT LOOP RANGE SPAN bF 8000 Hex 
32.0PCODE: <+LOOP> < N -> > <RS: LIMIT COUNT-> ..•• > 

0 :: ALU=8 DEST=DHI ,, \Test sign df N 
1 . : : SOURCE=RS ALU=A+8 . DEST=DH I 

INCCRPJ JM'P=10S ; ; '"'"" \ Add N to counter 

+ N > 4 :r SOURCE=RS ALU=A-8-1 
INCCMPCJ JMP=111 ;; \Test co~nt 

7 :( SOURCE=RAM DEST=DLO INCCPCJ JMP=OOS ;; 

- N > 5 :: SOURCE=RS ALU=A-8-1 
INCCMPCJ ;; \Test cciunt 

6 :: SOURCE=RAM DEST=DLO INCCPCJ JMP=01S ;; 

#37 
\ ·MICRdCODE --- <+LOOP> -- 2 
DECIMAL 

? 

33 CURRE:·NT ,;_PAGE ! 
< +N LOOP > 0 = : · SOURCE=DLO 
< +N DONE > 1 :: INCCRPJ 

f!LU=A DEST=PC 
DECODE 

DECCRPJ. JMP=101 ;; 
JMP=l 10 ; ; 

-N DONE > 2 :: INCCRPJ DECODE JMP=110 ;; 
DECCRPJ JMP=101 ;; -N LOOP > 3 ~i SOURCE=DLO ALU=A DEST=PC 

LOOP ) 

5 .•• .. SOURCE=ALU ALU=8 DEST=RS DECO OE ; ; 
FINISH UP ) 

6 : :· . ~OURCE=DS ALU=A DES.T=DHI INCCDPJ END ; ; 

; ;END 

#38 
\ MICROCODE --- <ILOOP>C7/8l 
DECIMAL 
34 OPCODE: <!LOOP> 

0 :: SOURCE:;RS 
1 :: SOURCE=RS 
2 . • SOURCE=ALU 

< N -> > < RS: LIMIT COUNT-> •• ~ > 

ALU=A+8 DEST=DHI INCCRPJ ; ; \ Count+N 
ALU=A ; ; · 

ALU=8 JMP=lOS ;; \ JMP on limit sign 

+ LIMIT > 4 : : SOURCE=RS ALU:;A~B-1 
INC[MPC] JMP=l 11 ; ; \ Test 'count 

SOURCE=RS ALU=A-8-1 INCCMPCJ JMP=11S ;; I 
- LIMIT > 5 :: 

LIMIT > 
< + COUNT 6 •• 

..., COUNT 7 : : 

SOURCE=RAM 
JMP=100 

SOURCE=RAM 
JMP;::OQS ; ; 

97 

\ JMP on count sign 
ALU=A · OEST=PC DECCRPJ 

,, \ Loop 
DEST=DLO INCCPC] 

· \ Lo.op if LIMIT-COUNT-1 C + > 

: i 
! 

., 
i 



**39 SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

\ MICROCODE --- <!LOOP> 
DECIMAL 
35 CURRENT-PAGE ~ 

( LOOP ) 

0 .. SOURCE=DLO ALU=A . . 
4 .. SOURCE=ALU ALU=B . . 
5 .. SOURCE=DS ALU=A 

9 EX IT LOOP > 

- 2 IJ 

DEST=PC DECCRPJ JMP=lOO ; ; 

DEST=RS DECODE ; ; 
DEST=DHI INCCDPJ END ; ; 

10 1 :: SOURCE=DS ALU=A DEST=DHI INCCDPJ INCCRPJ DECODE' ;; 

11 2 :: END ;; 
12 
13 ; ;END 
14 
15 

it4p SCR 
0 \ - MICROCODE --- «ABORT"»CB/5) 
1 DECIMAL 
2 36 OPCODE: <<ABORT">> 
3 0 :: ALU=notB ;; 

< FLAG ""-> 

4 1 .. ALU=notB JMP=111 ;; 
5 7 ·• JMP=OlE ;; 
6 

FLAG=O 
4 •• ; ; 

3 .. .. SOURCE=RS ALU=A+l DEST=PC ;; 7 
8 
9 5 : : SOURCE=RAM ALU=A+B+l DEST=PC INCCRPJ JMP=OlO ;; 

10 
11 FLAG<>O > 

12 2 ~= SOURCE=DS ALU=A DEST=DHI DECODE;; 
13 6 : : INCCDPJ END ; ;·· 
14 ; ;END 
15 

SCR 1*41 
0 \ MICROCODE --- <<MOVEX><12*N+6) 
1 DECIMAL 
2 37 OPCODE: <<MOVEX> < SRCADDR DESTADDR N -> > 

3 0 ·· SOURCE=ALU ALU=B DEST=DLO INC[DPJ DECCRPJ ;; 

4 1 : : SOURCE=DLO ALU=A-1 , , \ Decr-emen t counter-

5 \ Re-entr-y point for- r-epeating the opcode 
6 2 •. SOURCE=DLO ALU=A-1 DEST=DHI ;; 
7 3 :: SOURCE=ALU ALU=B DEST=DLO JMP=10E ;; 
8 
9 

10 
11 
12 
13 
14 
15 

\ 

\ 

Wor-d 
5 .. 
6 .. 

Wor-d 
4 .. .. 
7 .. 

done -- exit 
INCCDPJ 
SOURCE=DS 

not done --
SOURCE=DS 
SOURCE=DS 

INCCRPJ DECODE 
ALU=A DEST=DHI INC CDP J END 

'' get sour-ce wor-d 
ALU=A DEST=PC JMP=111 INCCMPCJ 
ALU=A-1 DEST=DHI JMP=OOO ; ; 

98 
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/ 
1 r 



u 
I] 

0 
D 
D 
D 

I I 

I I 
'---' 

[i 

ll 
LJ 

ri l_J 

SCR #42 
0 \ MICROCODE --- <<MOVEX> ~ 2 
1 DECIMAL 
2 38 CURRENT-PAGE ! 
3 0 :: SOURCE=ALU ALU~B DEST=DS DECCDPJ ;; 
4 1 :: SOURCE=RAM DEST=RS ;; 

. 5 \ Save at destination addres~~, 
6 2 : : SOURCE=DS ALU=A DEST=PC , , 
7 3 :: SOURCE~DS ALU=A-1 DEST=DHI 1; 

8 4 :: SOURCE=RS DEST=RAM ;; 
9 \ Re-execute this same microcode word 

10 5 :: SOURCE=PCSAVE A~U=A DEST=PC ,, 
11 6 :: SOURCE=ALU ALU~B DEST=OS INCCOPJ DECODE ;; 
12 7 :: SOURCE=DLO ALU=A-1. JMP=OlO <END> ;; 
13 
14 ; ; END 
15 

SCR #43 
0 \ MICRbCODE <MOVE>C12*N+6) 
1 DECIMAL 
2 39 OPCODE: <MOVE> < SRCADDR DESTADD~ N -> > 
3 0 :: SOURCE=ALU ALU=B DEST=DLO !NCCDPJ. DECCRPJ ;; 
4 1 :: SOURCE=DLO ALU=A-1 ,, \Decrement counter 
5 \ Re-eritry point for repeating the opcode 
6 2 : : SOURCE=DLO ALU=A-1 DEST=DHI ; ; .. 
7 3 :: SOURCE=ALU ALU=B DEST=OLO JMP=10E ;; 
8 
9 

10 
1i 
12 
13 
14 
15 

\ 

\ 

Word 
5 .. 
6 .. .. 

Word 
4 .. .. 
7 .. .. 

SCR #44 

done -- exit 
INCCDPJ INCCRPJ 
SOURCE=DS ALU=A DEST=DHI 

not done -- get source word 
SOURCE=DS ALU=A DEST=PC 
SOURCE=DS ALU=.A+l DEST=DHI 

0 .\ MICROCODE <MOVE> - 2 
1 DECIMAL 
2 40 CURRENT-PAGE ! 

DECODE 
INCCDPJ END ·; ; 

JMP=ll 1 INCCMPCJ 
JMP=OOO ; ; 

3 0 :: SOURCE=ALU ALU=B DEST=DS DECCDPJ ;; 
4 1 :: SOURCE=RAM OEST=RS ;; 
5 \ S~ve at destination address 
6 2 :: SOURCE=DS ALU=A DEST=PC ;; 
7 3 :: SOURCE=bS ALU=A+l DEST=DHI ;; 
8 4 :: SOURCE=RS OEST=RAM ;; 
9 \ Re-execute this same microcode word 

10 5 .. SOURCE=PCSAVE ALU=A DEST=PC ,, 

; ; 

; ; 

11 6 :: SdURCE=ALU ALU=B DEST=DS INC(OPJ DECODE ;; 
12 7 .. SOURCE=DLO ALU=A-1 JMP=010 <END> ;; 
13 
i4 ; ;END 
15 
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SCR 
0 
.1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 

*1=45 
\ MICROCODE 
DECIMAL 

<D0)(4) 

41 OPCODE: <DO> < LIMIT 
0 : : DEC [RP] , , 

START -') .) 

1 :: SOURCE=DS DEST=RS 
2 : : SOURCE=ALU ALU=B 
3 : : SOURCE=DS ALU=A 

; ;ENO 

*1=46 
\ MICROCODE --- <ENCLA> 

DEC ERP] 
DEST=RS 

DEST=DHI 

INC[DPJ. ; ; 
DECODE ; ; 

INC[DP] . END ; ; 

1 DECIMAL \ SCAN TO F~RST NON-DELIMITER 
2 42 OPCODE: <ENCLA> < ADDR CHAR -> ADDR OFFSET ADDR+OFFSET I 

3 \ RETURN STACK ( -> CHAR > 

4 \ 
5 

DS has offset 
0 : : SOURCE=DS ALU=A DEST=PC 

ALU=B DEST=RS 
ALU=O OEST=DS 

DECtRPJ DECCDPJ 
INCCMPCJ .; ; .6 

7 
8 
9 

10 
11 
12 
13 
14 
15 

*1=47 

1 :: SOURCE=ALU 
2 :: SOURCE=ALU 

JMP=OOO ;; 

\ MICROCODE --- <ENCLA> -- 2 
QECIMAL \ SCAN TO FIRST NON-DELIMITER 
43 CURRENT-PAGE ! 
\ Loop while current char. = del_imiter 

0 :: SOURCE=RAM ALU=A DEST=DH1 ;; 
1 :: SOURCE=RS ALU=AxnorB INCtPCJ ;; 
2 : : . SOURCE=RS ALU=AxnorB , , 
3 :: SOURCE=DS ALU=A+l DEST=DHI JMP=lOE ;; 

; ; 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 = delimiter 5 :: SOURCE=ALU ALU=B DEST=DS JMP=OOO ;; 

10 
11 < <>delimiter > 4 
12 6 •• SOURCE=DS 
13 7 :: SOURCE=DS 
14 
15 ; ;END 

:: SOURCE=PCSAVE ALU=A+l DEST=PC JMP=110 ;; 
ALU=A DEST=DHI INCCDP) DECODE ;; 
ALU=A+B DEST=OHI DEC[DPJ END ; ; 
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SCR #48 
0 \ MICROCODE <ENCLB> 
1 DECIMAL \ SCAN TO NEXT DELIMITER 
2 44 OPCODE: <ENCLB> C ADDRN1 -> ADDRN2 > C Return: CHAR -> > 

3 \ Re-entry point for looping the word 
4 0 •. SOURCE=ALU ALU=B DEST=PC ;; 
5 1 • • SOURCE=ALU ALU=B DEST=DLO ; ; 
6 2 ·• SOURCE=RAM ALU=notA ;; 
7 3 :: SOURCE=RAM ALU=notA DEST=DHI ,, 
8 4 :: SOURCE=RS ALU=Axor8 INCCMPCJ JMP=llE ;; 
9 

10 
11 
12 
13 
14 
15 

\ 

\ 

<>O 
6 

=O 
7 

SCR #49 

.. .. 

.. .. 

-- Test for <> DELIM 
SOURCE=RS ALU=AxorB 

Set up to exit 
SOURCE=PCSAVE ALU=A+l 

0 \ MICROCODE --- <ENCLB> -- 2 
1 DECIMAL 
2 45 CURRENT-PAGE ! 

JMP=OOO ; ; 

DEST=PC JMP=101 ; ; 

3 < <>O ) 0 :: SOURCE=PCSAVE ALU=A DEST=PC JMP=01E ;; 
4 
5 \ =DELIM -- Exit fro~ <ENCLB> 
6 3 .• SOURCE=PCSAVE ALU=A+l DEST=PC JMP=101 ,, 
7 5 .• SOURCE=DLO ALU=A DEST=DHI INCCRPJ DECODE ;; 
8 6 ·· END;; 
9 

10 \ <>O <>DELIM -- Recycle this mi~roinstruction 
11 2 .. SOURCE=DLO ALU=A+1 DEST=DHI JMP=001 DECODE ,, 
12 
13 

1 •• .. END ;; 

14 ; ;END 
15 

#50 
\ MICROCODE -~~ <LOOP><?> 
DECIMAL 
4.6 OPCODE: <LOOP> < -> > <RS: LIMIT 

0 :: SOURCE=ALU ALU=B DEST=OLO ;; 
1 :: SOURCE=RS ALU=A+l DEST=DHI 

INCCRPJ ;; 
2 .• SOURCE=RS ALU=A-8-1 

INCCMPC] 
3 : : JMP=OOS ; ; 

COUNT-> •.. > 

\ Stash DH! 

\ Incremerit counter 

;; \Test for done 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 \ Done when LIMIT>=COUNT 

10 
11 
12 
13 
14 
15 

101 
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SCR 
0 
1 
2 
3 

.4 
5 
6 
7 
8 
9 

10 

#51. 
\ MICROCODE --- <LOOP> -- 2 
DECIMAL . 
47 CURRENT-PASE ~. . . . . . . 
<Loop ) 0:: SOURCE=RAM ALU=A DEST=PC DECCRPJ 

4 :1 SOURCE=ALU ALU=B. DE~T=RS DECODE ;; 
5 :-: SOURCE=DLO . ALU::iA DEST=DHI END ; ; 

Oqne ) 
2 : .:. 
·3 : : 

1 : : . . .I NCC PC J 
SOURCE=DLO ALU=A 
END ;; 

INC~RP J ; ; 
DEST=DHI DECODE ; ; 

11 ; ; END 
12 
13 
14 
15 

SCR #52 

JMP=lOO ; ; 

0 \ MICROCODE 
1 DECIMAL 

<PICK><S> \ bees all of PICK exc. error check 

2 48 OPCODE: ,(PICK> ' < ~.STACK.~ A~> .~STACK •• 8 > 

3 0 •• SOURCE=DP 
.4 1 :: SOURCE=OP 

DEST=D.LO DECCDPJ ; ; \ Save DP value 
ALU=A+B DEST=DHI Ji 

5 .2 : : SOURCE='ALU 
6 3 :: SOURCE~OS 
7 4 :: SOURCE.,;DLO 
8 
9 

10 
11 
12 
13 
14 
15 

; ;END 

SCR.#53 

ALU=B DEST~OP ;; 
ALU=A DEST=DHI DECODE 
DEST=DP END ; ; . 

0 \ MICROCODE <ROLL><5+5*N-> 
1 DECIMAL \ Does ail of ROLL exc. eri'"or check 

. ,; ;· 

2 49 OPCODE: <ROLL) < ~.STACK •. ~ COUNT :._>' •• STACK •• 8 

3 0 :: SOURCE='=ALU ALU=B DEST=DLO 
4 · DECCOPJ DECCRPJ ; ; \ Save Count, 

. 5 1 • • SOURCE::iDP A_LU=A+B DEST:;:OH I 
.6 L 2 : : .SOURCE::i:ALU ALU=B , DEST=DP 
7 3 :: SQURCE=DS OEST::iRS OECCRPJ 
8 
9 

10 
11 
12 
1~ 
14 
15 

102 

;; .•' 

INCIMPCJ 
JMP=OOO 

;. ; 
; ; \' Save 8 

n 
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SCR tl:54 
0 \ MICROCODE --- <ROLL> -- 2 
1 DECIMAL 
2 50 CURRENT-PAGE ! 
3 0 :: SOURCE=DLO 
4 1 :: SOURCE=ALU 
5 2 :: SOURCE=ALU 
6 3 :: SOURCE=DS 
7 
8 Not done 4 •· 
9 

ALU=A-1 
ALU=B 
.ALU=B 

DEST=RS 

SOURCE=RS 

DEST=DHI ; ; 
; ; 
DEST=DLO DEC[DPJ ; ; 

INCEDPJ JMP=lOE ; ; 

DEST=OS DECCDPJ JMP=OOO ; ; 

10 
11 
12 

Done > 
6 •• . . 5 . • INC[OPJ INCERPJ DECODE ; ; 

SOURCE=RS ALU=A DEST=DHI INCCDPJ INC[RPJ END ;; 

13 ; ;END 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

tl:55 
\ MICROCODE =<4> 
DECIMAL 
51 OPCODE: = < A 8 ~> FLAG ) 

0 :: SOURCE=DS ALU=AxnorB ;; \ 
1 :: SOURCE=DS ALU=AxnorB ,, \ 
2 .. INC[DPJ JMP=lOE DECODE 

<> 4 :: ALU=O DEST=DHI 
= 5 •• ALU=-1. DEST=DHI 

··END ' ' . 

SCR tt:S6 
0 \ MICROCODE >R<3> 
1 QECIMAL 

Test for 
Test for 
; ;. 

END 
ENO 

2 52 OPCODE: >R < N -> < return: -> N ) 

3 0 • • DEC [RP J , , 
4 1 :: SOURCE=ALU ALU=B 
5 2 :: SOURCE=DS ALU=A 
6 
7 ; ; END 
8 
9 

10 
11 
12 
13 
14 
15 

DEST::;:RS DECODE 
DEST=DHI INC[DPJ 

103 

= 
= 

; ; 
; ; 

; ; 
END 

\ RS <- N 
; ; 
\ Update DHI 



SCR #57 
0 \ MICROCODE ?DUPC4) 
1 DECIMAL 
2 53 OPCODE: ?DUP C A -> 0 I A A > 

3 0 .. ALU=notB ;; \Test for =O 
4 1 : : ALU=notB , , \ Test for =O 
5 2 .. DECCDPJ JMP=10E DECODE ;; 
6 
7 
8 
9 

<>O 
=O 

10 ; ; END 
11 
12 
13 
14 
15 

SCR #58 

4 .• SOURCE=ALU ALU=B DEST=DS 
5 ·• INCCDPJ END ;; 

0 \ MICROCODE --- @(6) 

1 DEGIMAL 
2 54 OPCODE: @ C ADDR -> N > 

END ;; 

3 0 .. SOURCE=ALU ALU=B DEST=PC ;; \ PC<-ADDR 
4 1 • • ; ; 
5 2 .. SOURCE=RAM DEST=DLO ,, \ DLO<-RAM 
6 3 .. SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC 

7 4 •. SOURCE=DLO ALU=A DEST=DHI DECODE ;; 
8 5 .. END ;; \Wait for DECODE 
9 

10 ;;END 
11 
12 
13 
14 
15 

#59 
\ MICROCODE 
DECIMAL 
55 OPCODE: 

ABSC3l 

ABS C Ni -> N2 ) 
0 •. ALU=B ;; \Test fo~ Sign 
1 .• SOURCE=ALU ALU=O DEST=DLO 

2 • • END ; ; 

JMP=01S 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

>=O 
<O 3 ·• SOURCE=DLO ALU=A-8 DEST=DHI 

8 
9 ; ; END 

10 
11 
12 
13 
14 
15 
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DECODE ; ; 

END ; ; 
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SCR 
0 
1 
2 
3 
4 

./ 

#60 
\ MlCROCODE --- ADC<6> 
DECIMAL 

. ( ;. 

56 OPCODE: ADC ( Nl N2 CVIN -> NSUM CVOUT ) 
0 :: ALU=notB ;; \ test if CVIN=O 
1 :: ALU=notB tt 
2 ::. SOURCE=DS ALU=A b~ST=DHI INCCDPl JMP=lOE ;; ·5 

6 
7 
8 
9 

CVIN<>O > 
CVIN=O > 

4 :. : 
5 : : . 

SOIJRCE=DS 
SOURCE=DS 

ALU=A+B+l 
ALU=A+B 

\ DHI <- N2 
DEST=DHI JMP=Oll ;; 
DEST=DHI JMP=011 ;; 

10 
11 
12 
13 
14 
15 

3 :: SOURCE=ALU ALU=B· DEST=OS 

COUT<>O 
COUT=O 

; ;END 

SCR tl:61 

6 :: ALU=-1 DEST=DHI 
7 :: ALU=O OEST=DHI 

0 \ MICROCODE AND<2> 
1 DECIMAL 
2 57 OPCODE: AND Nl N2 -> N3 
3 0 : : DECODE , , 

JMP=11tA 

END ;; 
ENO ;; 

4 1, : : SOURCE=DS ALU=AandB DEST=DHJ lNCCDPl 
5 END ;; \ DHI = Nl' 1AND* N2 
6 
7 
8 ; ; END 
9 

10 
11 
12 
13 
14 
15 

#62 
\ MICROCODE --- ASR<4> 
DECIMAL 
58 OPCODE: ASR ( Nl -> N2 > 

SCR 
0 
1 
2 
3 
4 
5 

0 :~ SOURCE=ALU ALU=B DEST=DLO ;; 
1 •• . . 
!2 : : 

6 3 •• .. 
7 ; ; END 
8 
9 

10 
11 
12 
13 
14 
15 

SLCDHI l ; ; 
SACDLOl DECODE ,, 
SOURCE=DLO ALU=A DEST=DHI 
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I 

END ;; 

DECODE ; ; 



SCR #63 
0 \ MICROCODE --- BRANCHC4) 
1 DECIMAL 
2 59 OPCODE: BRANCH < FLAG -> ) 
3 0 • • ; ; 
4 1 .. SOURCE=RAM ALU=A DEST=PC ;; 
5 2 : : DECODE ; ; 
6 3 • • END ; ; 
7 ; ; END 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #64 
0 \ MICROCODE --- BYTESWAP<9> 
1 DECIMAL 
2 60 OPCODE: BYTESWAP C Nl -> N2 ) 
3 0 :: SOURCE=ALU ALU=B DEST=DLO ;; \set up for shift 

4 1 • • SL[DHI J SL[DLOJ ; ; \ shift 8 bi ts to swap bytes 

5 2 • • SLCDHI J SUDLOJ ; ; 
6 3 • • SU DH I J SUDLOJ ; ; 
7 4 • . SU DH I J SUDLOJ ; ; 
8 5 . . SU DH I J SUDLOJ ; ; 
9 6 .• SL[DHIJ SL[DLOJ INC[MPCJ ;; 

10 7 :: SL[DHIJ SL[DLOJ DECODE JMP=OOO ;; 

11 
12 
13 
14 
15 

SCR #65 
0 \ MICROCODE BYTESWAP - 2 
1 DECIMAL 
2 61 CURRENT-PAGE ~ 

3 0 .. SU DH I J SUDLOJ END ; -; 

4 
5 ; ;END 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #66 
0 \ MICROCODE --- D!C9> 
1 DECIMAL \Lo half in ADDR+l~ Hi half in ADDR 

2 62 OPCODE: D! < N ADDR -> > 

3 0 :: SOURCE=ALU ALU=B DEST=PC ;; \ PC<-ADDR 

4 1 :: ;; 
5 SOURCE=DS DEST=RAM INCCDPJ ;; \ HI HALF 2 : : 
6 INCCPCJ ,, 3 : : 
7 INCCMPCJ ;; 4 : : 
8 SOURCE=DS DEST=RAM INCCDPJ JMP=OOO ;; \ LO HALF 5 . : . 
9 

10 
11 
12 
13 
14 
15 

#67 
\ MICROCODE --- D! -- 2 
DECIMAL 
63 CURRENT-PAGE ! 

SCR 
0 
1 
2 
3 
4 
5 

0 .. SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC 

1 : : SOURCE=DS ALU=A DEST=DH I. I NC [DP J 
DECODE ;; \ Update Top of Stack 

6 
7 

2 •• 

8 ; ; END 
9 

10 
11 
12 
13 
14 
15 

SCR #68 

END ; ; 

0 \ MICROCODE 
1 DECIMAL 

D+(7) 

2 64 OPCODE: D+ < 01 02 -> D3 > 
3 0 :: SOURCE=ALU ALU=B DEST=DLO 
4 1 :: SOURCE=DS ALU=A DEST=DHt 

;; \OLD<- D2hi 
INCCDPJ ; ; \ DHI <-D21o 

5 2 :: INCCDPJ ,, 
6 3 ·• SOURCE=DS ALU=A+B 
7 4 :: SOURCE=ALU ALU=B 
8 
9 

DEST=DHI ,, 
DEST=DS DECC.DPJ 

JMP=11CA ;· ; 

CY=l > 6 .• 
CY=O > 7 .. 

SOURCE=DLO ALU=A+l DEST=DHI. 
SOURCE=DLO ALU=A DEST=DHI 

DECODE 
DECODE 

\ Carry? 

JMP=101 ; ; 
JMP= 101 ; ; 10 

11 
12 
13 
14 

5 .. .. SOURCE=DS ALU=A+B DEST=DHI INCCDPJ END ;; 

15 ; ;END 
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SCR #69 
0 \ MICROCODE --- D@{8) 
1 DECIMAL \ Hi hal~ in ADDR, Lo half in ADDR+l 
2 65 OPCODE: D@ l ADDR ~> D > 
3 0 ·· SOURCE=ALU ALU=B DEST=PC DEC[DPJ ;; \ PC<-ADDR 

4 1 • • ; ; 
5 2 :: SOURCE=RAM DEST=DLO INC[PCJ ;; \ Hi half 

6 3 • • ; ; 
7 4 :: SOURCE=RAM DEST=DS ;; \ Lo half 
8 5 :: SOURCE=PCSAVE ALU=A+l DEST=PC ;; \ Restbre Pt 

9 6 : : SOURCE=DLO ALU=A DEST= DH I DECODE ; ; 
10 7 •• END ;; \Wait for DECODE 

11 
12 ; ; END 
13 
14 
15 

SCR #70 
0 \ MICROCODE DDROPC2> 
1 DE:CIMAL 
2 66. OPCODE: DDROP D -> > 
3 0 : : INC[DPJ DECODE ; ; 
4 1 :: SOURCE=DS ALU=A DEST=DHI INCIDPJ 
5 ; ; END 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#71 SCR 
.0 \ MICROCODE --- DDUPC3> 

1 DECIMAL 
2 67 OPCODE: DDUP C D1 -> D1 Dl > 

3 0 :: SOURCE=DS DEST=DLO DEC[DPJ ;; 

END ; ; 

4 1 •• SOURCE=ALU ALU=B DEST=DS OECCDPJ DECODE ;; 
5 . 2 .. SOURCE~DLO DEST=DS. END;; 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

; ; END 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
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11 
12 

r 
13 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

I I 
I I 

LJ 
( 

#72 
\ MICROCODE --- DNEGATE<6> 
DECIMAL 

( Dl -> -Dl ) 
ALU=notB DEST=DLO ;; 

ALU=nqtA DEST=DHI ;; 
ALU=B DEST=DS ;; 

68 OPCODE: DNEGATE 
0 :: SOURCE=ALU 
1 .. SOURCE=DS 
2 :: SOURCE=ALU 
3 •. SOURCE=DS 
4 :: SOURCE=ALU 

ALU=A+l DEST=DHI . ;; 
ALU=B DEST=DS JMP=11CA DECODE ; ; 

CY=l 
CY=O 

\ 
SOURCE=DLO ALU=A+l 
SOURCE=DLO ALU~A 

DEST=DHI END ;; 
DEST=DHI END ;; 

; ;END 

#73 
\ MICROCODE DROP<2> 
DECIMAL 
69 OPCODE: DROP N -> 

0 .. DECODE ;; 
1 ·· SOURCE=DS ALU=A DEST=DHI INC[DPJ END;; 

\ Update top of stack 
; ;END 

\ 

#74 
\ MICROCODE DSWAPC8) 
DECIMAL 
70 OPCODE: DSWAP ( Dl D2 -> 02 01 ) 

0 .. SOURCE=OS DEST=DLO INC[DPJ OEC[RPJ ; ; .. 
1 .. SOURCE=DS DEST=RS INC[DPJ OEC[RPJ ; ; .. 
2 .. SOURCE=DS DEST=RS ; ; 
3 .. SOURCE=DLO DEST=DS DEC[DPJ ; ; .. 
4 .. SOURCE=RS DEST=DLO INC[RPJ ; ; .. 
5 .. SOURCE=ALU ALU=B DEST=DS DEC[OPJ ; ; 
6 .. SOURCE=DLO DEST=DS DECODE ; ; .. 
7 .. SOURCE=RS ALU=A OEST=DHI INCERPJ END 

; ;END 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCH 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12· 
13 
14 
15 

#75 
\ MICROCODE DUP<3> 
DECIMAL 
71 OPCODE: DUP C N -> N N > 

0 :: DECCDPJ DECODE ;; 
1 :: SOURCE=ALU ALU=B DEST=DS END;; \ Copy DHI to OS 

; ;END 

~76 

\ MICROCODE 
DECIMAL 

FILL<4*N+9> 

ADDR COUNT VALUE -> > 72 OPCODE: FILL C 
0 • • SOURCE=DS 
1 . . SOURCE=DS · 
2 .. SOURCE=ALU 
3 .. SOURCE=DLO 

DEST=DLO INCEDPJ ;; \OLD<- COUNT 
ALU=A DEST=PC ;; \PC <- ADDR 

ALLl=B DEST=DS INCEMPCJ ;; \OS<- VALUE 
ALU=A-1 JMP=110 ;; 

I 

#77 
\ MICROCODE --- FILL 
DECIMAL 
73 CURRENT-PAGE ! 

0 : : SOURCE=DS 
5 :: SOURCE=DLO 
6 :: SOURCE=DLO 
7 : : SOURCE=ALU 

- 2 

DEST=RAM 
ALU=A-1 
ALU=A-1 
ALU=B 

JMP=101 ; ; 
INCEPCJ. ; ; 
DEST=DH I · ; ; 
DEST=PLO JMP=OOE 

1 : 
2 . . 

. . 
: 

SOURCE=PCSAVE ALU=A+1 DEST=PC ;; 
INCEDPJ DECODE ,, 

3 : ·: SOURCE=DS ALU=A DEST=DHI INC[OPJ END 

; ; END I 
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; ; 

; ; 
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SCR #78 
0 \ MICROCODE I<3> 
1 DECIMAL 
2 7 4 OPCODE: I < - > N > 
3 o· • • DECEDPJ ; ; 
4 
5 

1 •• . . 
2 .. 

6 ; ; END 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#79 

SOURCE=ALU ALU=B DEST=DS 
SOURCE=RS ALU=A DEST=DHI 

DECODE ; ; 
END ; ; 

SCR 
0 
1 
2 
3 
4 
5 

\ MICROCODE --- I' <3> 
DECIMAL \ NOTE: I' is also useful within #DO #LOOP alias fo~ #J 

75 OPCODE: I' C -> N > 
0 • . DEC CDP] INCCRPJ 
1 :: SOURCE=ALU ALU=B 
2 :: SOURCE=RS ALU=A 

6 ; ;END 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#80 SCR 
0 \ MICROCODE 
1 DECIMAL 

J(4) 

2 76 OPCODE: J C -> 
3 0 .• DEC[OPJ 
4 1 •. SOURCE=ALU 
5 2 :: SOURCE=RS 
6 3 :: DEC[RPJ 
7 
8 
9 

10 
11 
12 
13 
14 
15 

; ;END 

N ) 
INC[RPJ 

ALU=B 
ALU=A 

END ;; 

; ; 
DEST=DS 

DEST=DHI 

; ; 
DEST=DS 

DEST=DHI 

111 

DECODE ;; 
DEC ERP J END ; ; 

INCCRPJ 
DECCRPJ 

; ; 
DECODE ; ; 



SCR #81 
0 \ MICROCODE 
1 DECIMAL 

LEAVE<2> 

2 77 OPCODE: LEAVE < -> ) ( Sets COUNT=LIMIT en return stack ) 
3 0 ·· SOURCE=RS DEST=DLO INC[RPJ DECODE ;; 
4 1 ·· SOURCE=DLO DEST=RS DEC[RPJ END ;; 
5 ; ; END 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #82 
0 \ MICROCODE LIT<4> 
1 DECIMAL 
2 78 OPCODE: LIT < -> N 
3 0 • • ; ; 
4 SOURCE=RAM DEST=DLO INC[PCJ DEC[DPJ ;; 1 : : 
5 \ get literal value 
6 SOURCE=ALU ALU=B DEST=DS DECODE ;; 2 : : 
7 \ Save top cf stack 
8 SOURCE=DLO ALU=A DEST=DHI END ;; \ DHI <- N 3 : : 
9 

10 
11 
12 
13 
14 
15 

SCR 

; ;END 

#83 
0 \ MICROCODE --- LSR<2> 
1 DECIMAL 
2 79 OPCODE: LSR C N1 -> N2 > 
3 0 •• . . 
4 1 •• 

5 ; ; END 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

DECODE ;; 
SC=O SRCDHI J END;; 
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SCR 
0 
1 
2 
3 
4 
5 
6 

l 7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#84 
\ MICROCODE NEGATE<2> 
DECIMAL 
80 OPCODE: NEGATE < N -> -N > 

0 :: SOURCE=ALU ALU=O DEST=DLO DECODE ;; 
1 ·· SOURCE=DLO ALU=A-8 DEST=DHI END ;; 

; ; END 

#85 
\ MICROCODE NOP<2> 
DECIMAL 
81 OPCODE: \NOP -> > 

0 : : DECODE ; ; 
1 : : END ; ; 

; ; END 

#86 
\ ~ICROCODE NOT<4> 
DECIMAL 
82 OPCODE: NOT N -> O=FLAG > 

0 •• ALU=notB ;; 
1 • • ALU=notB ; ; 
2 :: JMP=10E DECODE ;; 

<>O 
=O 

; ;END 

4 •• 
5 .• 

ALU=O DEST=DHI 
ALU=-1 DEST=DHI 
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END ; ; 
END ; ; 



SCR #87 
0 \ MICROCODE ORC2> 
1 DECIMAL 
2 83 OPCODE: OR < N1 N2 -> N3 
3 0 :~ DECODE ,, 
4 1 :: SOURCE=DS ALU=AorB DEST=DHI INC[DPJ END ;; 
5 \ N3 <- N2 *OR* N1 
6 ; ;END 
7 
8 
9 ) 

10 
11 
12 
13 
14 
15 

SCR #88 
0 \ MICROCODE OVERC3> 
1 DECIMAL 
2 84 OPCODE: OVER < Nl N2 -> Nl N2 N1 > 
3 0 .. SOURCE=DS DEST=DLO DEC[DPJ ;; \ DLO <- Nl 
4 1 •• SOURCE=ALU .ALU=B DEST=DS 
5 DECODE ;~ \ Save N2 
6 2 :: SOURCE=DLO ALU=A DEST=DHI END ;; \Copy Nf 
7 ; ;END 
8 
9 

10 
11 
12 
13 
14 
15 

#89 
\ MICROCODE 
DECIMAL 

( 

R> < 3 r 
SCR 

0 
1 
2 
3 
4 

85 OPCODE: R> < -> N < return: N -> >· 

' 5 
6 

0 : : DEC [DP J , , 
1 :: SOURCE=ALU 
2 :: SOURCE:=RS 

7 ; ;END 
8 
9 

10 
11 
12 
13 
14 
15 

ALU=B DEST=DS 
ALU=A DEST=DHI 

\ DHI <- N 
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DECODE 
INC[RPJ 

;; \OS<- DHI 
END ; ; 
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#90 SCR 
0 \ MICROCODE --- R@<3> 
1 DECIMAL 
2 86 OPCODE: R@ < -> N 
3 0 • • DEC CDP] ; ; 
4 
5 

1 :: SOURCE=ALU ALU=B 
2 :: SOURCE=RS ALU=A 

6 ; ;END 
7 
8 
9· 

10 
11 
12 
13 
14 
15 

#91 SCR 
0 \ MICROCODE 
1 DECIMAL 

RLC<516) 

( r-etur-n: N -> N 

DEST=DS DECODE 
DEST=DHI END;; 

2 87 OPCODE: RLC Nl CYIN -> N2 CYOUT l 
3 
4 
5 

0 :: ALU=notB 
1 .. ALU=notB 
2 .. SOURCE=DS 

;; \ test if CYIN=O 
; ; 

ALU=A+A DEST=DHI 

; ; 

JMP=lOE ;; 
6 
7 
8 

CYIN<>O 4 •• SOURCE=DS ALU=A+A+l 
\ DHI <- N2 

DEST=DHI ; ; 

9 
10 

5 .. SOURCE=ALU ALU=B DEST=DS JMP=llCA DECODE ; ; 

11 
12 
13 

COUT<>O 
COUT=O 

6 .. ALU=-1 DEST=DHI 
7 .. ALU=O DEST=DHI 

END ;; 
END ; ; 

14 ; ;END 
15 

SCR #92 
0 \ MICROCODE 
1 DECIMAL 

ROTC5) 

2 88 OPCODE: ROT < Nl 
3 0 .. SOURCE=ALU 
4 
5 
6 
7 
8 

1 :: SOURCE=DS 
2 :: SOURCE=DS 
3 :: SOURCE=RS 
4 ·· SOURCE=DLO 

9 ; ;END 
10 
11 
12 
13 
14 
15 

N2 N3 -> N2 N3 N1 ) 
ALU=B DEST=DLO DECCRPJ ;; \ DLO<-N3 
DEST=RS INCCDP] ;; \ RS<-N2 

ALU=A DEST=DHI ,, \ DHI<-N1 
DEST=DS DECCDPJ DECODE ;; \ DS<-N2 
DEST=DS INCCRPJ END ;; \ DS<-N3 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

#93 
\ MICROCODE 
DECIMAL 

RRC<6> 

89 OPCODE: RRC < Nl CYIN -> N2 CYOUT ) 
0 .. ALU=not8 ;; \test if CYIN=O 
1 .. SOURCE=DS DEST=DLO ALU=not8 JMP=111 
7 :: JMP=OlE ;; 

CY IN<>O 
CYIN=O > 

2 
3 

.. ALU=-1 . . 

.. ALU=O 
DEST=DHI JMP=lOCC ; ; 
DEST=DHI JMP=lOCC ; ; 

; ; 

10 
11 
12 

CYOUT=O 
CYOUT=l 

4 .. SRCDLOJ ALU=O DEST=DHI DECODE JMP=110 
5 .. SR[DLOJ ALU=-1 DEST=DHI DECODE JMP=l 10 . . 

13 
14 

6 •• . . 
15 ; ;END 

SCR #94 

SOURCE=DLO DEST=DS 

0 \ MICROtODE S->D<3> 
1 DECIMAL 

END ;; 

2 90 OPCODE: S->D < Nl -> D2 ) 
3 0 • • ALU=B DECCDPJ ; ; 
4 1 :: SOURCE=ALU ALU=B DEST=DS JMP=lOS DECODE ;; 
5 
6 >=O .) 4 .. ALU=O DEST=DHI END ;; 
7 <O ) 5 .. ALU=-1 DEST=DHI END ;; 
8 
9 

10 ; ;END 
11 
12 
13 
14 
15 

SCR #95 
0 \ MICROCODE 
1 DECIMAL 

SWAP(3> 

2 91 OPCODE: SWAP < 
3 0 :: SOURCE=DS 
4 
5 

1 :: SOURCE=ALU 
2 :: SOURCE=DLO 

6 ; ; END 
7 
8 
9 

10 
11 
12· 
13 
14 
15 

Nl N2 -> N2 Nl ) 
DEST=DLO ;; \ 

ALU=B DEST=DS 
ALU=A DEST=DHI 
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DLO<-Nl 
DECODE ; ; 

END ; ; 
\ DS<-N2 

\ DHI<-Nl 

; ; 
; ; 
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,~ 
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#96 
\ MICROCODE TOGGLEC8) 
DECIMAL 
92 OPCODE: TOGGLE C ADDR N -> > 

0 .. SOURCE=DS ALU=A DEST=PC INC[DPJ ;; 
1 • • ; ; 
2 •. SOURCE=RAM DEST=DLO ;; 
3 .. SOURCE=DLO ALU=AxorB DEST=DHI ;; 
4 :: SOURCE=ALU ALU=B DEST=RAM ,, \ 
5 :: SOURCE=PCSAVE ALU=A+1 DEST=PC. ,, 
6 :: SOURCE=DS ALU=A DEST=DHI INC[DPJ 
7 : : END ; ; 

; ;END 

#97 
\ MICROCODE --- U*<37/38> 
DECIMAL 

UD3 ) 

\ PC<-ADDR 

\ CADDR>xorN 
\ < ADDR > xorN 
Re-write ADDR 

\ Restore PC 
DECODE ;; 

96 OPCODE: U* C Ul U2 -> 
0 .. SOURCE=ALU ALU=B 
1 •• ALU=O DEST=DHI 

DEST=DLO ;; \Move top of stack 
;; \Zero hi product half 

2 •• SC=O SR[DHIJ SR[DLOJ JMP=lOCC ;; 

BIT 0: CY=O I 4 :: SC=O SR[DHIJ SR[DLOJ 
7 .• SC=O\ JMP~oocc ;; 

INC[MPCJ JMP=l 11 ; ; 

CY=l > 5 :: SC=O SR[DHIJ SR[DLOJ INC[MPCJ ;; 
6 .. SOURCE=DS ALU=A+B DEST=DHI JMP=OOCC ;; 

#98 
\ MICROCODE --- LI* - 2 
DECIMAL 
97 CURRENT-PAGE ! 
< BIT 1: CY=O ) 0 :: SR[DHIJ SR[DLOJ 

3 :: SC=O JMP=10CC ;; 

CY=1 > 1 : :· SRCDHI J SRCDLOJ ; ; 

JMP=011 ;; 

\ 

2 :: SOURCE=DS ALU=A+B DEST=DHI JMP=10CC ;; 

BIT 2: CY=O > 4 :: SR[DHIJ SR[OLOJ 
7 :: SC=O JMP=OOCC ;; 

CY=l > 5 : : SRCDHI J SR[DLOJ 
6 .• SOURCE=DS ALU=A+B DEST=DHI 

117 

INCCMPCJ JMP=111 ;; 

INC[MPCJ ; ; 
JMP=OOCC ;; 



SCR #99 . . . . 
0 \ MICROCODE. --~ LI* - 3 
1 DECIMAL . 
2 98 CUR.RENT-PAGE ! 
::5 < BIT 3:. CY=O l 0 • • SRrnHIJ 
4 3 .:: ~C=O .JM~=10CC . ;; 

SRLDLOJ 

5. 
.· 6 ( 

7 
CV=1 ) ·1 : : .SRCOHU . SR[DLOl , , 

2. ':: ' SOURCE=DS • ALU=A+B DEST=DHI 
8 
9 BIT 4i CY=O >. 4 :: SR[PHU 

7 : : SC=b JMP=OOCC ; ; 
SR[DLOJ 

'10 
11 
12 ( 
13 
14 
15 

cv=1 > : s : : 
6 :: SOLIRCE::Ds 

SR(DHIJ ~R[QLO~ 

ALLI=A+B DEST=DHI 

SCR #100 
0 \ MICROCODE --- LI* - 4 
1 DECiMAL . 
2 99 CLIRRENT..;.PAGE ~ 

·Jf'1P=011 ; ; 

JMP.=10CC.;;. 

INC[MPCJ JMP=111 ;; 

iNC[MPC J .··, 

JMP=OOCC 

3 ( BIT 5: cv=:o ) 0 • • SRTDHIJ SRCDLOl JMF=i=oii' ; ; 
4. 3 •• SC=O JMP=lOCC ;; 
5 
6 CY=l · > . 1 ;: : SR[DHI J SRrOLOJ · ; ; 
7 · 2 : : .· SOURCE=DS ALLI=A+B OEST=DHI JMP=10CC ; ; 
8 
9 ( BIT 6: cv::;o ) 4 : : ' SR[DHI l SR[PLOJ' INC[MPCJ JMP=ll 1 ; ; 

10 7 •• sc=o JMP=OOCC ;; 
11 
12 <. tv:.1 · > .5 : : SR,[ DH I J SRIDLOJ INCIMPCJ ; ; 
13 6 ::' SOURCE=DS ALU=A+B DEST=DHI JMP=oocc ;; 
14 
15 

SCR#101 
0 \ MICROCODE --- LI* -:5 

·1 DECIMAL 
2 100 CUR~ENT_;PAGE X 
3 < BIT 7: CV=O > 0 : : SR[OHll SR[DLOl 
4. 3 :: SC=O JMP=16CC ;; 
5 
6 
7 
8 
9 ( 

cv=1 l •' 1 :: ' SR[OHI J ·. SR[OLOJ ; ; 
2 : : . SOLiRCE=D,S · ALLI=A+B DEST=OHI 

10 
11 
12 
13 
14 
15 

BIT 8:1, CV=O ·> .. 4 : : . SR[OHIJ · SRCDLOJ 
7 t: sc::::o. JMP=OOCC ; .; 

CY=1 > .5 :: SREO~I1 SR[OLOJ 
6 : : . SOLI~CE=DS . ALLI'=A+B DEST=DHI 

118 

. . . . . 
JMP=Ol1 ; .. f .. 

JMP=10CC ; ;. 

INGCMPCl 

INCCMPCJ 
JMP=OOCC 

.··; ; 
; ; 

JMP;:::11i ; ; 

" i l 
1_j 

il 
I ' 
I I 
L-) 

i ; 



n 
i I 
(__; 

Ii 
i : 
I i 
\._.., 

r--
1 ! 
' I 
I ' u 

' ' :...______) 

I I 
I ' 
I I 
i -
L__; 

r----, 
: ! 
I I 
t __ _.! 

: · 1 

~ l 
: ! 
l __ , 

r----
' ! 
I ! 
l_ ___ ; 

I 
lJ 
r-1 
\ 
I I 
L__j 

[] 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

tt102 
\ MICROCODE LI* - 6 
DECIMAL 
101 CURRENT-PAGE 
< BIT 9: CY=O ) 0 :: SR[DHIJ SR[DLOJ 

3 :: SC=O JMP=10CC - .. ;; 

CY=l > 1 :: SR[DHIJ SR[DLOJ ;; 

JMP=Ol 1 ; ; 

2 :: SOURCE=DS ALU=A+B DEST=DHI JMP=10CC ;; 

BIT 10: CY=O > 4 :: SR[OHIJ SR[OLOJ 
7_ :: SC=O JMP=OOCC ;; 

INC[MPCJ 

CY=1 > 5 :: SR[OH!J SR[DLOJ 
6 :: SOURCE=DS ALU=A+B DEST=DHI 

INC[MPCJ ; ; 
JMP=OOCC ;; 

SCR tt103 
0 \ MICROCODE LI* - 7 
1 DECIMAL 
2 102 CURRENT-PAGE 
3 BIT 11: CY=O > 0 .. SR[DHIJ SR[DLOJ JMP=011 ;; 
4 3 : : SC_=O JMP=lOCC ; ; 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 

. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

CY=l > 1 : : SR[DHI J SR[DLOJ ; ; 
2 •. SOURCE=DS ALU=A+B DEST=DHI JMP=lOCC ;; 

BIT 12: CY=O > 4 :: SR[DHIJ SR[DLOJ 
7 •• SC=O JMP=OOCC ;; 

INC[MPCJ 

CY=l > 5 :: SR[DHIJ SR[DLOJ 
6 .. SOURCE=DS ALU=A+B DEST=DHI 

tt104 
\ MICROCODE U* - 8 
DECIMAL 
103 CURRENT-PAGE 

BIT 13: CY=O > 0 :: SRCDHIJ SR[OLOJ 
3, : : SC=O JMP=10CC ; ; 

CY=1 > 1 :: SR[OHIJ SRCDLOJ ;; 

INC[MPCJ ; ; 
JMP=OOCC ; ; 

JMP=011 ; ; 

2 :: SOURCE=DS ALU=A+B DEST=DHI JMP=lOCC ;; 

BIT 14: CY=O > 4 :: SRCDHIJ SRCDLOJ 
7 :: BC=O JMP=OOCC ;; 

INC[MPCJ 

CY=l > 5 :: SR[OHIJ SR[OLOJ 
6 :: SOURCE=DS ALU=A+B DEST=DHI 

119 

INC[MPCJ ; ; 
JMP=OOCC ; ; 

JMP=111 ; ; 

JMP= 111 ; ; 

JMP=111 ;; 



SCR #105 
0 \ MICROCODE U* - 9 
l DECIMAL. 
2 104 CURRENT-PAGE 
3 ( BIT 15: cv=o ) 0 .. SRCDHI] SRCDLO] JMP=Oll INC[MPC] ;; 
4 3 ... SC=O JMP=OOCC ;; 
5 
6 < CY=1 > . 1 :: SR[DHIJ S~[DLOJ INC[MPCJ ;; 
7 2 :: SOURCE=DS ALU=A+B DEST=DHI JMP=OOCC ;; 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

#106 
\ MICROCODE 
DECIMAL 
105 CURRENT-PAGE 
< FINISH: CY=O > 0 

6 .. SOURCE=DLO 

CY= 1 > 1 : : 
2 .. SOURCE=DS 

9 ; ; END 
10 
11 
12 
13 
14 
15 

SCR #107 

- 10 

:: SR[DHIJ SR[DLO] 
DEST=DS END ; ; 

JMP=llO DECODE ;; 

; ; SR[DHIJ SR[DLOJ 
ALU=A+B DEST=DHI JMP=110 DECODE ;; 

0 \ MICROCODE --- U/MOD<40/41> 
1 DECIMAL \ Max divisor is 7FFF Max dividend is 7FFFFFFF 
2 112 OPCODE: U/MOD < UD1DVDND U2DIVISOR -> UREM UQUOT l 
3 0 : : SOURCE=ALU ALU=B DEST=DLO DEC[RPJ ; ; \ DIVISOR on DS 
4 1 :: SOURCE=ALU ALU=ndt8 DEST=RS ;; \ -OIVISOR-1 on RS 
5 2 :: SOURCE=DS ALU=A--8 DEST=DHI ,, \ OVOND IN DHI,OLO 
6 \ InLtial subtract. DHI = DIVIDEND<hi) - DIVISOR 
7 3 : : SOURCE=OLO DEST=OS INC[OPJ , , 
8 4 :~ SOURCE=DS OEST=DLO DECtOPJ ALU=B INC[MPCJ ;; 
9 5 :: SL[OHIJ JMP=OOS ;; 

10 
11 
12 
13 
14 
15 

120 



r-1 
I_, 

11 L) 

r-1 
I I 
l___j 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1.2 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 

#108 
\ MICROCODE 
DECIMAL 
113 CURRENT-PAGE 
< BIT 0: SIGN=O l 

U/MOD ...;._ 2 

0 ·· SOURCE=RS ALU=A+B+l DEST=DHI 
SC=l SL[DLOJ JMP=OlO ;; 

SIGN=l l 1 ro SOURCE=DS ALU=A+B DEST=DHI 
SC=O SL [OLD J ; ; 

2 •• .. SL[DHI J JMP=lOS ;; 

BIT 1 : SIGN=O 4 .. SOURCE=RS ALU=A+B+l DEST=DHI 
SC=l SL[DLOJ INCCMPCJ JMP=110 

SIGN=l 5 .. SOURCE=DS ALU=A+B DEST=DHl . . 
· · SC=O SUDLOJ INC[MPCJ ; ; 

6 .. SUDHI J JMP=OOS ; ; .. 

#109 
\ MICROCODE 
DECIMAL 

U/MOD -- 3 

114 CURRENT-PAGE 
C BIT 2 : SI GN=O 0 ·· SOURCE=RS ALU=A+B+l DEST=DHI 

SC=l SL[DLOJ JMP=OlO ;; 
SIGN=l > 1 .. SOURCE=DS ALU=A+B DEST=DHI 

SC=O SU DLO J ; ; 
2 •• .. SU DH I J JMP=lOS ; ; \, 

BIT 3: SIGN=O ) 4 .. SOURCE=RS ALU=A+B+l DEST=DHI 
SC=l SUDLOJ INC[MPCJ JMP=110 

SIGN=l 5 .. SOURCE=DS ALU=A+B DEST=DHI 
SC=O SUDLOJ INCCMPCJ ; ; 

6 .. SL[DHIJ JMP=OOS ; ; 

#110 
\ MICROCODE 
DECIMAL 

U/MOD -- 4 

115 CURRENT-PAGE 
< BIT 4: SIGN=O > 0 :: SOURCE=RS ALU=A+B+l DEST=DHI 

SC=l SLCDLOJ JMP=010 ;; 
SIGN=l ) 1 •• SOURCE=DS ALU=A+B DEST=DHI 

; ; 

; ; 

6 
7 ~ 2 •• .. SC=O SLCDLOJ ; ; 

SU DH I J JMP=lOS ;; 
8 
9 

10 
11 
12 
13 
14 
15 

BIT 5: SIGN=O > 4 : : SOURCE=RS 

6 •• 

SC=l SLCDLOJ 
SIGN=l 5 :: SOURCE=DS 

SC=O SUDLOJ 
SL[DHIJ JMP=OOS ;; 

121 

ALU=A+B+l 
INCCMPCJ 

ALU=A+B 
INCCMPCJ 

DEST=DHI 
JMP::::110 ; ; 

DEST=DHI 
; ; 



#111 SCR 
0 \ MICROCODE 
1 DECIMAL 

LI/MOD -- 5 

2 116 CURRENT-PAGE 1 

3 < BIT 6: SIGN=O > 0 :: SOURCE=RS ALU=A+B+l DEST=DHI 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SC=l SL[DLOJ JMP~OlO ;; 
SIGN=1 ) 1 •• SOURCE=DS ALU=A+B DEST=DHI 

SC=O SL[DLOJ ;; 
2 .. .. SU DHI] JMP=10S ; ; 

BIT 7: SIGN=O 4 :: SOURCE=RS 
SC=l SL[DLO] 

ALU=A+B+l 
INC[MPCJ 

ALU=A+B 
INC[MPCJ 

6 : : 

SIGN=l 5 : : SOURCE=DS 
SC=O SL LDLO J 

SL[DHIJ JMP=OOS ;; 

DEST=DHI 
JMP=110 ;; 

DEST=DHI 
; ; 

SCR #112 
0 \ MICROCODE 
1 DECIMAL 

U/MOD -- 6 

2 117 CURRENT-PAGE 
3 < BIT 8: SIGN=O ) 0 ·· SOURCE=RS ALU=A+B+l DEST=DHI 
4 
5 
6 
7 
8 
9 

10 
1' 1 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 

SC=l SL[DLOJ JMP=OlO ,, 
SIGN=l > 1 :: SOURCE=DS ALU=A+B DEST=DHI 

SC=O SU DLO] ; ; 
2 •• .. SU DH I J 

BIT 9: SIGN=O 

SIGN=l 

6 • • S!.-rDHI J 

#113 

JMP=lOS ; ; 

4 •• 

SC=l 
5 •. .. 

SC=O 

SOURCE=RS 
SUDLOJ 

SOURCE= OS 
SUDLOl 

JMP=OOS ; ; 

\ MICROCODE 
DECIMAL 

U/MOD -- 7 

ALU=A+B+l DEST=DHI 
INCCMPCJ JMP=llO ;; 

ALU=A+B DEST=DHI 
INC[MPCJ. ; ; 

118 CURRENT-PAGE 
< BIT 10: SIGN=O 0 J: SOURCE=RS ALU=A+B+l DEST=DHI 

SC~l SL[DLOJ JMP=OlO ;; 
SIGN=l ) . 1 :: SOURCE=DS ALU=A+B DEST=DHI 

2 •• . . 
BIT 11: 

6 •• 

SC=O SL[DLOJ ;; 
SU DH I] JMP=10S ;; 

SIGN=O > 4 :: SOURCE=RS 
SC= 1 SU DLO J 

SIGN=l > 5 ·• SOURCE=DS 
SC=O SLCDLOJ 

SL[DHIJ JMP=OOS ;; 

122 

ALU.=A+B+l 
INC[MPCJ 

ALU=A+B 
INC[MPCJ 

DEST=DHI 
JMP=llO ;; 

DEST=DHI 
; ; 

, __ j 

I 

t -- I 

I • 
1 I 



1-1 
\ ! 
L~I 

il I __ 

#114 SCR 
0 \ MICROCODE 
1 DECIMAL 

U/MOD -- 8 

2 119 CURRENT-PAGE 
3 < BIT 12: SIGN=O 0 ·• SOURCE=RS ALU=A+B+l DEST=DHI 
4 
5 
6 
7 
8 

SC=l SUDLOJ JMP=OlO ;.; 
SIGN=l ) 1 :: SOURCE=DS ALU=A+B DEST=DHI 

SC=O SU DLO J ; ; 
2 •• . . SUDHIJ JMP=10S ;; 

9 BIT 13: SIGN=O > 4 :: SOURCE=RS · ALU=A+B+l DEST=DHI 
10 SC=l SLCDLOJ INCCMPCJ JMP=110 ;; 
11 SIGN=l > 5 •• SOURCE=DS ALU=A+B DEST=DHI 
12 SC=O SUDLOJ INCCMPCJ ;; 
13 6 :: SL(DHIJ JMP=OOS ;; 
14 
15 

SCR #115 
0 \ MICROCODE U/MOD -- 9 
1 DECIMAL 
2 120 CURRENT-PAGE 
3 < BIT 14: SIGN=O ) 0 :: SOURCE=RS ALU=A+B+l DEST=DHI 
4 SC=l SLEDLOJ JMP=010 ,, 
5 ~ SIGN=l ) 1 ·· SOURCE=DS ALU=A+B DEST=DHI 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SC=O SL[DLOJ ;; 

( 

2 · · SUDHIJ JMP=10S ; ; 

BIT 151 SIGN=O ) 4 :: SOURCE=RS 
SC= 1 SU DLOJ 

SIGN=l ) 5 :: SOURCE=DS 
SC=O SLEDLOJ 

6 ·· SOURCE=DS DEST=RS INC(DPJ 

#116 
\ MICROCODE U/MOD -- 10 
DECIMAL 

ALU=A+B+l DEST=DHI 
INCEMPCJ JMP=llO ;; 

ALU=A+B DEST=DHI 
INC(MPCJ ; ; 

JMP=OOS ; ; 

121 CURRENT-PAGE 
<DONE: SIGN=O > 0 •• 

SC=l SLIDLOJ 
SOURCE=ALU ALU=B DEST=DS 

QECODE JMP=Oll ;; 

SIGN=1 > · 1 :: SOURCE=RS ALU=A+B DEST=DHI ;; 
2 :: SDURCE=ALU ALU=B DEST=DS 

SC=O SL(DLOJ DECODE ,, 
3 :: SOURCE=DLO ALU=A DEST=DHI INC(RPJ END ;; 

; ;END 

123 



SCR #117. . 
0 \ .MICROCODE: --- XORC2) 
. 1 DECIMAL 
2 122 OPCD~E: XOR < Nl N2 -> N2 ). 
3 o :. : DECODE . ; ; 
~ 1 •: So8RGE=DS ALU=A~ore DEST~DHI INC[DPJ 
5 . END. . ; ; \ ADD Nl , N2 
6 . ; ;END 
7 
B 
9 

10 
11 
12 
13 
14. 
15 

SCR #118 
0 
1 
2 
3 
4 
5 
6 
7· 

8 
., . 9 

10 
11 ' . 
12 
13 

. 14 
15 

SCR ~119. . .··.· . 

~ ~EC~~~~oc~o~E~;~ <~~~o=~~~.5!~;3~or WHILE. DLSL R> 1- >R REPEAT ) 
2 123 OPCODEi <UDNORM> . ( DMANT ~> DMANTl\IORM ). 
3 0 : : . SOURCE=DS .DEST=DLO ; ; .. 
4 
5 
6 
7 
8 

1 :~· SL[DHIJ ,, 
. 2 : : . SOURCE=ALU ALU=B DEST=DS ,. , 

3 :: SOURCE=~~. ALU=A-1 'DEST=OHI JMP=i'OS ; ; 

9 .· Not done ) .4 :: SOURCE=ALU ALU=B DE:ST=RS 
10 .· 
11 
12· 

7 :: SC=O 
~c=o. SL[DLOl JMP=111 ;; 

SOURCt=DS ALU=A OEST::i:DHI JMP=001 ;; 

13 Done > 
14 6 :: 

. 15 ; ;END 

5. :: SOURCE=DS. ALU=A DEST=DHI DECODE· ;; 
~OURCE::DLO DEST=DS SC=O SR[DHil ENO ;; 

124 
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SCR 
0 
1 
2 
3 

#120 
\ MICROCODE --- D+!<12) 
DECIMAL 
124 OPCODE: D+! < Dl ADDR -> > 

4 
5 \ 

~ :: SOURCE=ALU ALU=B DEST=DLO 
1 :: SOURCE=DLO ALU=A+l DEST=PC 

Add low half 

; ; 
INCCDPJ ; ; 

6 
7 
a 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

2 :: SOURCE=DS ALU=A DEST=DHI ;; 
3 •• SOURCE=RAM ALU=A+B DEST=DHI 
4 :: SOURCE=ALU ALU=B DEST=RAM 

; f 
JMP=11CA INC[MPCJ ; ; 

CY=l 
CY=O 

#121 

6 :: SOURCE=DLO 
7 :: SOURCE=DLO 

\ MICROCODE D+! -- 2 
DECIMAL 
125 CURRENT-PAGE 

ALU=A 
ALU=A 

DEST=PC 
DEST=PC 

DEC[DPJ JMP=OOO ;; 
DEC[DPJ JMP=001 ;; 

CY=l > 0 .• SOURCE=DS 
.CY=O > 1 :: SOURCE=DS 

ALU=A+l 
ALU=A 

DEST=DHI 
DEST=DHI 

JMP=010 ;; 
JMP=.010 ; ; 

2 
3 
4 
5 
6 

; ;END 

#122 

: : 
: : 
: : 
: : 
: : 

SOURCE=RAM ALU=A+B DEST=DHI ;; 
SOURCE=ALU ALU=B DEST=RAM 
SOURCE=PCSAVE ALU=A+l DEST=PC 
SOURCE=DS ALU=A DEST=DHI 
END ;; 

\ MICROCODE 
DECIMAL 

D>R<4> 

126 OPCODE: D>R < D -,) < Return: 

\ 

INCEDPJ ; ; 
, INCCDPJ ; ; 
\INC[DPJ DECODE ;; 

-> D 
0 ': : DEC [RP l , , 
1 : ·: SOURCE=ALU 
2 : : SOURCE=DS 
3 :: SOURCE=DS 

ALU=B DEST=RS OEC[RPl ;; 
DEST=RS INC[DPl DECODE ;; 
ALU=A DEST=DHI. INC[DPJ END ;; 

;;E;ND 

125 
? 



#123 
\ MICROCODE --- DLSLN<6+5*COUNT> 
DECIMAL 
128 OPCODE~ DLSLN < 01 COUNT ~> D2. ) 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0 •. SOURCE=ALU ALU=B DEST=DLO DEGIRPJ 
1 •• SOURCE=DLO ALU=A~l DEST=DHI 

INCTDPJ ;;. 

INCCMPC] ;; \ DHI has count 
2 :: SOURCE=DS DEST=DLO DECCDPJ ALU=B JMP=OOO ;; 

\ DS has high half , OLD has low half 

10 
11 
12 
13 
14 
15 

#124 
\ MICROCODE 
DECIMAL 
129 CURRENT-PAGE 

DLSLN -- 2 
r· 
\ 

SCR 
0 
1 
2 
3 
4 

0 :: SOURCE=ALU ALU=B . DEST=RS JMP=OlS ; ; \ Stash count 

5 
6 
7 
8 
9 

SHIFT> 
6 •• 
7 •• 
1 •• 

2 :: SOURCE=DS ALU=A DEST=DHI JMP=llO ;; 
SC=O SLCDHIJ SLCDLOJ ;; 
SOURCE=ALU ALU=B DEST=DS JMP=OOl ;; 
SOURCE=RS ALU=A~l DEST=DHI JMP=OOO ;; 

10 
11 

DONE > 3 :~ SOURCE=DS ALU:::,A DEST=DHI 
INCCDPJ INCCRPJ 

12 
13 

4 •• . . 
14 ; ;END 
15 

SCR #125 

SOURCE=DLO DEST=DS 

0 \ MICROCODE DLSR<3> 
1 DECIMAL 
2 130 OPCODE: DLSR . < 01 -> D2 > 
3 0 :: SOURCE=OS DEST=DLO ;; 
4 1 .• SC:O SRCDHil SRCDLOJ DECODE ;; 
5 2 : : SOURCE=DLO DEST=DS END ; ; 
6 
7 ; ;END 
8 
9 

10 
11 
12 
1.3 
14 
15 

126 

END ;; 
DECODE ;- ; 



~,) 

\ __ 

#126 
\ MICROCODE --- DLSRN<6+5*COUNT> 
DECIMAL 
131 OPCODE: DLSRN < Dl COUNT -> D2 > 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0 .. SOURCE=ALU ALU=B DEST=DLO DECCRPJ 
1 .. SOURCE=DLO ALU=A-1 DEST=DHI 

I NC CDP J ; ; 

INC[MPCJ ;; \ DHI has count 
2 .. SOURCE=DS DEST=DLO DECCDPJ ALU=B JMP=OOO ;; 

\ OS has high half , DLO has low half 

10 
11 
12 
13 
14 
15 

#127 
\ MICROCODE DLSRN -- 2 
DECIMAL 
132 CURRENT-PAGE 

0 :: SOURCE=ALU ALU=B DEST=RS JMP=OlS ; ; \ Stash count 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

SHIFT> 
6 •• 

2 ·· SOURCE=DS ALU=A DEST=DHI JMP=110 ;; 
SC=O SRCDHIJ SRCDLOJ ;; 

7 •• 
1 •• 

9 

SOURCE=ALU ALU=B DEST=DS JMP=OOl ;; 
SOURCE=RS ALU=A-1 DEST=DHI JMP=OOO ;; 

10 DONE ) 3 :: SOURCE=DS ALU=A DEST=DHI 
11 INCCDPJ INCCRPJ DECODE ;; 
12 4 ·· SOURCE=DLO DEST=DS END ;; 
13 
14 ; ; END 
15 

SCR #128 
0 \ MICROCODE DR>C4) 
1 DECIMAL 
2 133 OPCODE: DR> ~> D ) C Return: D -> ) 
3 0 • • DEC [DP J , , 
4 1 :: SOURCE=ALU ALU=B DEST=DS DECCDPJ ;; 
5 2 .. SOURCE=RS DEST=DS INCCRPJ DECODE ;; 
6 3 •. SOURCE=RS ALU=A DEST=DHI INCCRPJ END ;; 
7 
8 ; ; END 
9 

10 
11 
12 
13 
14 
15 

127 



SCR #129 
0 \ MICROCODE DROTC121 
1 DECIMAL 
2 134 OPCODE: DROT Dl D2 D3 -> D2 D3 Dl I 
3 0 · • DEC [RP J , , 
4 1 •• SOURCE=ALU ALU~B DEST=RS DECCRPJ ;; 
5 2 : : SOURCE=DS DEST=RS I NC CDP J DEC [RP J ; ; 
6 3 :: SOURCE=DS DEST=RS INCCDPJ DECCRPJ ;; 
7 4 :: SOURCE=DS DEST=RS INCCDPJ ;; 
8 5 :: SOURCE=DS ALU=A DEST=DHI INCCDPJ ;; 
9 6 :1 SOURCE=DS DEST=DLO INCCMPCJ ;; 

10 7 :: SOURCE=RS DEST=DS DEC[DPJ INC[RPJ JMP=OOO ;; 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

#130 
\ MICROCODE 
DECIMAL 

DROT -- 2 

135 CURRENT-PAGE 
0 :: SOURCE=RS 
1 :: SOURCE=RS 
2 :: SOURCE=RS 
3 :: SOURCE=DLO 

DEST=DS 
D.EST=DS 
DEST=DS 
DEST=DS 

DECCDPJ 
DECCDPJ 
DECCDPJ 

INCIRPJ ; ; 
INCCRPJ ; ; 
INCCRPJ DECODE;; 

END;; 

8 ; ;END . 
9 

10 
n 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

#131 
\ MICROCODE 
DECIMAL 

LSLNC6+2*COUNTI 

136 OPCODE: LSLN 
0 : : SOURCE=DS 
1 :: SOURCE=ALU 
2 :: SOURCE=DS 

< Nl COUNT -> N2 
DEST=DLO ,, 

ALU=B DEST=DS ,, 
ALU=A~l DEST=DHI ;; 

3 :: SOURCE=ALU ALU=B DEST=DS JMP=lOS ; ; 

NOT DONE I 
4 :: SC=O SOURCE=DS ALU=A-1 DEST=DHI SLCDLOJ JMP=011 ;; 

12. < DONE I 5 :: SOURCE=DLO ALU=A DEST=DHI INCCDPJ DECODE ;; 
13 6 :: END ;; 
14 ; ; END 
15 
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LJ 
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1 I 

0 

[J 

#132 SCR 
0 \ MICROCODE 
1 DECIMAL 

LSRNC6+3*COUNT> 

2 137 OPCODE: LSRN 
3 0 :: SOURCE=DS 
4 1 .. SOURCE=ALU 
5 2 •. SOURCE=DS 
6 

3 : .: SOURCE=ALU 

< Nl COUNT -> N2 
DEST=DLO , , 

ALU=B DEST=DS ,, 
ALU=A-1 DEST=DHI ;; 

ALU=B DEST=DS JMP=105 ;; 7 
8 
9 

10 
11 

< NOT DONE ) 4 :: ALU=O bEST=DHI JMP=111 ;; 
7 :: SOURCE=DS ALU=A-1 DEST=DHI SR[DLOJ 

' 
JMP=Ol 1 ; ; 

12 
13 
14 
15 

DONE > 5 :: SOURCE=DLO ALU=A DEST=DHI INC[OPJ DECODE ; ; 
6 •• END ;; 

; ;END 

SCR #133 
0 \ MICROCODE --- Q+C18> 
1 DECIMAL 

1 

2 138 OPCODE: Q+ < ql q2 -> q3 
3 0 . . DEC [RP J , , 
4 1 .. SOURCE=ALU 
5 2 ·· SDURCE=DS 
6 3 •. SOURCE=DS 
7 4 .. SOURCE=DS 
8 5 :: INC[DPJ ;; 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 

6 • • I NC [DP J 
7 . . INCCDPJ 

#134 
\ MICROCODE 
DECIMAL 
139 CURRENT-PAGE 

Q+ 

0 :: SOURCE=DS 
1 •• SOURCE=ALU 

ALU=B DEST=RS 
DEST=RS INCCDPJ 
DEST=RS INC[OPJ 
ALU=A DEST=DHI 

INC[MPCJ ; ; 
JMP=OOO ;; 

ALU=A+B 
ALU=B 

-- 2 

DEST=DHI 
DEST=DS 

DEC[RPJ ; ; 
DEC[RP J ; ; 

; ; 
INCIDPJ ; ; 

; ;· 
DEC[DPJ JMP=OlCA ; ; 

6 
7 

CY=l ) 2 : : 
7 •• 

SOURCE=.RS ALU=A DEST=DHI INC[RPJ JMP=l 11 ; ; 
SOURCE=DS ALU=A+B+l DEST=DHI JMP=101 INC[MPCl ;; 

8 
9" < CY=O ) 

10 
11 
12 
13 
14 
15 

5 : : 

3 •• SOU~CE=RS ALU=A 
4 :: SOURCE=DS ALU=A+B 

DEST=DHI 
DEST=DHI 

INC[RPJ ; ; 
INC[MPCJ ; ; 

SOURCE=ALU ALU=B DEST=DS DEC[OPJ 
JMP=OOCA ; ; 
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SCR #135 
0 \ MICROCODE 
1 DECIMAL 
2 140 CURRENT-Pf\GE 

Q+ -- 3 

3 < CY=l I 0 •• SOURCE=RS 
4 7 :: SOURCE=DS 

ALU=A DEST=DHI INCCRPJ JMP=111 ;; 
ALU=A+8+1 DEST=DHI JMP=Oll ;; 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

< CY=O ) 

3 •• 

CY=l 

CY=O 

SCR #136 

1 : : 
2 : : 

SOURCE=RS ALU=A DEST=DHI INC[RPJ 
SOURCE=DS ALU=A+B DEST=DHI ; ; ( 

SOURCE=ALU ALU=B DEST=DS 
INCIMPCJ 

DECCDPJ 
JMP=lOCA ;; 

4 .. SOl,lRCE=RS ALU=A DEST=DHI INClRP.J ·. . . 
DECODE JMP=ooo ; ; 

5 .. SOURCE=HS ALU=A DEST=DHI INCCRPJ I 

DECODE JMP=001 . ~ 
' ' 

0 \ MICROCODE Q+ -- 4 
1 DECIMAL 
2 141 CURRENT~PAGE 1 

3 < CY=l I 0 :: SOURCE=DS ALU=A+B+l DEST=OHI INC[DPJ END ;; 
4 
5 C CY=O 
6 

1 : : SOURCE=DS ALU=A+B DEST=DHI INCCDPJ END ; ; 

7 ; ; END 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#137 
\ MICROCODE QLSLC9) 
DECIMAL 
142 OPCODE: QLSL 01 -> 02 > 

0 :: INCCOPJ ,, 
1 : :1 SOURCE=ALU ALU=B DEST'=DLO I NC[DP J ; ; 
2 • • SOURCE=DS ALU=A+A DEST=DH I ; ; 
3 :: SOURCE=ALU ALU=B DEST=DS DEClDPJ JMP=10CA ;; 

CYOUT=l ) 
4 : : SOURCE= OS 

CYOUT =O > 
5 •• SOURCE=DS 
6 :: SOURCE=ALU 

ALU=A+A+1 DEST=OHI INCCMPCJ JMP=llO 

ALU=A+A 
ALU=B 

DEST=DHI INC[MPCJ · ; ; 
DEST=DS DEC[DPJ JMP=OOCA ;; 
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~ I 
I I 
L_) 

SCR #138 
0 \ MICROCODE QLSL - 2 
1 DECIMAL 
2 143 CURRENT-PAGE 
3 < CYOUT = 1 ) 
4 0 :: SOURCE=DS ALU=A+A+l DEST=DHI JMP=OlO ;; 
5 CYOUT = 0 ) 
6 1 .• SOURCE=DS ALU=A+A DEST:DHI ;; 
7 2 ::· SOURCE=ALU ALU=B DEST=DS JMP=lOCA DECODE ;; 
8 
9 CYOUT=l > 

10 4 •• SOURCE=DLO ALU=A+A+1 DEST=DHI END ;; 
11 CYOUT =O > 
12 5 :: SOURCE=DLO ALU=A+A DEST=DHI END ;; 
13 ; ; END 
14 
15 

SCR #139 
O·\ MICROCODE 
1 DECIMAL 

TDUP<6> 

2 144 OPCODE: TDUP < T 1 - > T 1 T 1 > 
3 0 •• INC[DPJ DEC[RPJ ;; 
4 1 .. SOURCE=DS DEST=DLO 
5 2 :: SOURCE=DS DEST=RS 
6 3 .• SOURCE=ALU ALU=B 
7 4 •· SOURCE=DLO DEST=DS 
8 5 .. SOURCE=RS DEST=DS 
9 

10 ; ; END 
11 
12 
13 
14 
15 

SCR #140 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

DECCDPJ ; ; 
DECCDPJ ,, 

DEST=DS DECCDPJ ;; 
DECCOPJ DECODE ;; 
INC[RPJ END ; ; 
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#141 SCR 
0 
1 
2 
3 
4 
5 

\ MICROCODE --- SWAP-DROPt2> I A.K.A. NIP ) 
DECIMAL I Combination of SWAP and DROP 
145 OPCODE: SWAP-DROP < Nl N2 -> N2 ) 

0 ·· INC[DPJ DECODE;; 
1 .• .. 

6 ; ; END 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #142 

END ;; 

0 \ MICROCODE --- DROP;l3) 
1 DECIMAL I Combination of DROP and ; l 
2 146 OPCODE: DROP; < N -> ) < return: ADDR -> ) 
3 0 •• SOURCE=RS ALU=A+l DEST=PC INC[RPJ ;; \PC<- POPCRSJ 
4 1 :: SOURCE~DS ALU=A DEST=DHI INCCDPJ DECODE ;; 
5 2 : : END ; ; 
6 ; ; END 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #143 
0 \ MICROCODE --- DROP-DUP<2> 
1 DECIMAL < Combination of DROP and DUP t 
2 147 OPCODE: DROP-DUP < N1 N2 -> N1 N1 ) 
3 0 •. SOURCE=DS ALU=A DEST=DHI DECODE;; 
4 1 : : 
5 
6 ; ;END 
7 
8 
9 

10 
11 
12 
13 
14 
15 

END;; 
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IJ 
I' I I 
LJ 

0 

0 

n u 

0 
D 

SCR #144 
0 .\ MICROCODE -~- SWAP-C3> 
1 DECIMAL < Combination df SWAP and - > 
2 148 OPCODE: SWAP- C Nl N2 -> NDIFF ) 
3. 0 •• SOURCE=ALU ALU=B DEST=D~O. ;; 
4 1 :: SOURCE=DS ALU=A DEST=DHI INC[DPJ • DECODE ;; 
5 2 :: SOURCE=DLO ALU=A-B DEST=DHI END ;; 
6 
7 ; ;END 
a 
9 

10 
11 
12 
13 
14 
15 

SCR #145. 
0 \ MICROCODE --- OVER+C2> 
1 DECIMAL C Co~bination of OVER and + > 
2. 149 OPCODE: OVER+ < Nl N2 ~> Nl N1+N2 > 
3 0 :: SOURCE=DS ALU=A+S DEST=DHI PECODE ;; 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15. 

SCR 
0 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 

1 •• . . 
; ;END 

#146 
\ MICROCODE OVER-<3> 
DECIMAL < Combinati6n of SWAP and - > 
150 OPCODE'.: OVER- < Nl N2 ..:..> N1 NDIFF > 

0 :: SOURCE=ALU ALU=B· DEST=DLO ;; 
1 f:: $0URCE=DS ALU=A DEST=DH I 
2 :: SOURCE=DLO ALU=A-B DEST=DHI 

; ;END 
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END ;; 

DECODE ; ; 
END ;; 



\ 

SCR #147 . . . 
0' MICROCODE.--"- R>-DRDP<2> 
1 DECIMAL. C Combination of R.> 
2 1510PCODE: R>-DROP < -> > 

3 0 :: INCtRP1 DECODE ;; 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1. . •• .. 
; ;END 

SCR tH48 

END ; ; 

0 \ MICROCODE ...,.-...,. R>-SWAP->RC3) 

and DROP > 

r 
1 DECIMAL < Exchange top eleme.nts on 
2 i520PCODE~ R>-sWAP~>~ C Nl ~> N2 > 
3 0 : : · ·· SOURCE:;RS . OEST=DLO , , 

ret~rn ~nd data stack ) 

4 . l :.: SOLlRCE=ALG ALU=B DEST=RS 
5 2 ::· SOURCE=DLO. ALU=A DEST=DHI 
6 
7 
8 
9 

10 
n 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5. 
6 
7 
8 
9 

10 
li 
12. 
13 
14 
15 

; ;END . 

#149 
\ MICROCODE'-~~ 1+C2>. 
DECIMAL < Combination or. I and t. l 
1530PCODE: l+ < Nl ~> N2 > 

0 : : SOURCE=Rs . . ALU=A+B. DEST=OHI 
1 : : 

; ;END 
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DECODE ; ; 
END ;; 

DECODE ; ; 
END ;; 
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SCR #150 
0 \ MICROCODE --- @+C6l 
1 DECIMAL ( Combination of @ and + ) 
2 154 OPCODE: @+ C Nl ADDR ~> N2 l 
3 0 .. SOURCE=ALU ALU=B DEST=PC ;; \ PC<-ADDR 
4 1 • • ; ; 
5 2 .. SOURCE=RAM DEST=DLO ;; \ DLO<-RAM 
6 3 •• SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC 
7 4 :: SOURCE=DLO- ALU=A DEST=DHI DECODE ;; 
8 5 •• SOURCE=DS ALU=A+B DEST=DHI INC[DPJ END ;; 
9 

10 ; ; END 
11 
12 
13 
14 
15 

#151 
\ MICROCODE --- @-(6) 
DECIMAL ( Combination of @ and - ) 
155 OPCODE: @- ( Nl ADDR -> N2 ) 

0 .. SOURCE=ALU ALU=B DEST=PC 
1 •• ; ; 

; ; \ PC<-ADDR 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

2 •• SOURCE=RAM DEST=DLO ,, \ DLO<-RAM 
3 .• SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC 
4 •• SOURCE=DLO ALU=A DEST=DHI DECODE ;; 
5 .. SOURCE=DS ALU=A-8 DEST=DHI INCCDPJ END ;; 

9 
10 ; ;END 
11 
12 
13 
14 
15 

#152 SCR 
0 \ MICROCODE INC@C6l Incrementing fetch 
1 DECIMAL ( Combination of DUP @ SWAP 1+ ) 
2 156 OPCODE: INC@ < ADDR -> Nl ADDR+l > 
3 0 .. SOURCE=ALU ALU=B DEST=PC ;; 

1 :: SOURCE=ALU ALU=B DEST=DLO 4 
5 
6 
7 
8 
9 

2 :: SOURCE=RAM DEST=DS ,, 
3 :: SOURCE=PCSAVE ALU=A+l DEST=PC 
4 :: SOURCE=DLO ALU=A+l DEST=DHI 
5 : : 

10 ; ;END 
11 
12 
13 
14 
15 
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\ PC<-ADDR 
DECCDPJ , , 

\ DLO<-RAM 
; ; 

DECODE 
END ; ; 

\ Restore PC 
; ; 



SCR #153 
0 \ MICROCODE DEC!<?> -- Decrementing store 
1 DECIMAL Combination of 1- SWAP OVER ! > 
2 157 OPCODE: DEC! < N ADDR -> ADDR-1 > 
3 0 .. SOURCE=ALU ALU=B DEST=DLO ;; 
4 
5 
6 
7 
8 
9 

10 

1 .. SOURCE=DLO ALU=A-1 DEST=PC ;; 
2 :: SOURCE=DLO ALU=A-1 DEST=DHI ;; 
3 .• SOURCE=DS DEST=RAM INC[DPJ ,, 
4 :: SOURCE=PCSAVE ALU=A+l DEST=PC ;; 
5 : : D.ECODE ; ; 
6 : : END ; ; 

11 ; ; END 
12 
13 
14 
15' 

#154 
\ MlCROCODE --- [@](8) Indirect fetch 
DECIMAL C Combination of @ @ I 
158 OPCODE: [@J C ADDR -> N ) 

0 .. SOURCE=ALU ALU=B DEST=PC ;; 
1 • • ; ; 
2 •• SOURCE=RAM ALU=A DEST=PC ;; 
3 • • ; ; 

\ 

' 

\ 

\ 

PC<-ADDR 
\ PC<-ADDR 
RAM<-N 

\ Restore PC 

PC<-ADDR 

PC<-ADDR 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

4 . . SOURCE=RAM DEST=DLO , , \ DLO<-RAM 
5 .. SOURCE=PCSAVE ALU=A+l DEST=PC ;; \ Restore PC 
6 •• SOURCE=DLO ALU=A DEST=DHI DECODE ;; 

10 
11 

7 :: END ;; \Wait for DECODE 

12 ; ; END 
13 
14 
15 

SCR #155 
0 \ MICROCODE --- [!JC81 
1 DECIMAL < Combination of @ 
2 159 OPCODE: I!J ( N ADDR -> 
3 0 :: SOURCE=ALU ALU=B 

1 : : ; ; 
2 : : SOURCE=RAM ALU=A 
3 : . . ; ; 

Indirect store 
! ) 

) 

DEST=PC ; ; ' PC<-ADDR 

DEST=PC ; ; \ PC<~ADDR 
4 
5 
6 
7 
8 
9 

4 .. SOURCE=DS DEST=RAM INC[DPJ ;; \ RAM<-N 

10 
11 
12 
13 
14 
15 

; 

5 
6 

7 

;END 

: . . SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC .. . . SOURCE=DS ALU=A DEST=DHI INC[DPJ 
DECODE ;; \ Update Top of Stack 

: : END ; ; 
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SCR #156 
0 \ MICROCODE --- INC[@J<lO> -- Incrementing indirect fetch 
1 DECIMAL ( Combination of DUP@@ 1 ROT+! > 
2 \ This word will greatly speed up software stacks 
3 160 OPCODE: INC[@] < ADDR -> Nl > 
4 0 ·· SOURCE=ALU ALU£B DEST=PC ,, \ PC<-ADDR 
5 1 •. SOURCE=ALU ALU=-1 DEST=DLO ;; 
6 2 :: SOURCE:RAM ALU=A+l DEST=DHI ;; 
7 3 ••. SOURCE=ALU ALU=B DEST=RAM ,, \ PC<-ADDR 
8 4 :: SOURCE=DLO ALU~A+B DEST=PC INC[MPCJ ;; 
9 5 ·· JMP=OOO ;; 

10 
11 
12 
13 
14 
15 

SCR #157 
0 \ MICROCODE 
1 DECIMAL 
2 161 CURRENT-PAGE 

INC[@J -- 2 

3 0 .• SOURCE=RAM DEST=DLO ,, 
4 1 •• soQRCE=PCSAVE ALU=A+I DEST=PC ;; \ Restore PC 
5 
6 
7 

2 .. SOURCE=DLO ALU=A DEST=DHI 
' 

DECODE ; ; 
3 •.. END ; ; 

8 ; ; END 
9 

10 
11 
12 
13 

. 14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#158 
\ MICROCODE --- DEC[!J.(10> -- Decrementing indirect 
DECIMAL < Combination of -1 OVER +! @ ! > 

\ This word will greatly speed up software stacks 
162 OPCODE: DEC[!] < Nl ADDR -> > 

store 

0 :: SOURCE=ALU ALU=B DEST=PC ;; \ PC<-ADDR 
1 • • ; ; 
2 • • SOURCE=RAM 
3. : : SOURCE=ALU 
4 : : SOURCE=ALU 
5 •• JMP=OOO ;; 

ALU=A-1 
ALU=B 
ALU=B 

DEST=DHI 
DEST=RAM 
DEST=PC 
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; ; 

' ' \ PC<-ADDR 
INC[MPCJ ; ; 



#159 SCR 
0 \ MICROCODE 
1 DECIMAL 
2 163 CURRENT-PAGE 

DEC [ ~ J -- 2 
( 

3 0 .. ~OURCE=DS DEST=RAM INCCDPJ ; ; 
4 1 .. SOURCE=PCSAVE ALU=A+1 DEST=PC ;; 
5 
6 
7 

2 .. SOURCE=DS ALU=A DEST=DHI INCCDPJ 
3 : : 

8 ; ; END 
9 

10 
11 
12 
13 
14 
15 

SCR #160 

\ Restore PC 
DECODE ;; 
END ; ; 

0 \ MICROCODE --- I-~-DDUPC6) -- SPEEDS UP SIEVE BENCHMARK 
1 DECIMAL 
2 250 OPCODE: I~~-DDUP ( Nt N2 N3 -> Nl N2 N1 N2 
3 0 .. SOURCE=RS ALU=A DEST=PC INCCDPJ ;; \ PC<-ADDR 
4 1 .. SOURCE=DS DEST=DLO DECCDPJ ;; 
5 2 .. SOURCE=ALU ALU=B DEST=RAM ;; \ RAM<-N3 
6 3 . . SOURCE=PCSAVE ALU=A+1 - DEST=PC ; ; \ Restore PC 
7 4 .. SOURCE=DS ALU=A DEST=DHI DECCDPJ DECODE;; 
8 5 .. SOURCE=DLO DEST=DS END ;; 
9 

10 ; ; END 
11 
12 
13, 
14 
15 

SCR #161 
0 \ MICROCODE DDROP.DROP.1+ -- SPEEDS UP SIEVE BENCHMARK 
1 DECIMAL C Combination of DDROP DROP 1+ > 

2 251 OPCODE: DDROP.DROP.1+ 
3 0 •• INCCDPJ ;; 
4 1 : : I NC [DP J DECODE ; ; 
5 2 •• SOURCE=DS ALU=A+l DEST=DHI INCCDPJ END;; 
6 
7 ; ; END 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #162 
0 \ MICROCODE I+.@ --- SPEEDS UP SIEVE BENCHMARK 
1 DECIMAL 
2 252 OPCODE: I+.@ 
3 0 .. SOURCE=RS ALU=A+B DEST=PC ;; \ PC<-ADDR 
4 1 • . ; ; 
5 2 .. SOURCE=RAM DEST=DLO ;; \ DLO<-RAM 
6 3 •. SOURCE=PCSAVE ALU=A+l DEST=PC ,, \ Restore PC 
7 4 .. SOURCE=DLO ALU=A DEST=DHI DECODE ;; 
8 5 :: END ;; \Wait for DECODE 
9 

10 ; ;END 
11 
12 
13 
14 
15 

SCR #163 
0 \ MICROCODE --- O.I.2*.3.+.1 --- SPEEDS UP SIEVE BENCHMARK 
1 DECIMAL 
2 253 OPCODE: O.I.2*.3.+.1 
3' 0 •. SOURCE=ALU ALU=O DEST=DLO DEC[DPJ ;; 
4 1 .. SOURCE=ALU ALU=B DEST=DS DEC[DPJ ;; 
5 2 .. SOURCE=ALU ALU=O DEST=DS DEC[DPJ ;; 
6 3 .. SOURCE=RS ALU=A+A+l DEST=DHI ;; 
7 4 ·· SOURCE=DLO ALU=A+B+l DEST=DHI ;; 
8 5 .. SOURCE=DLO ALU=A+8+1 DEST=DHI ;; 
9 6 .. SOURCE=ALU ALU=B DEST=DS DECODE;; 

10 7 .. SOURCE=DLO ALU=A+l DEST=DHI END;; 
11 
12 ; ; END 
13 
14 
15 

SCR #164 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #165 
0 \ MVP-FORTH SOURCE -- EXIT & DOUSE 
1 HEX CROSS-COMPILER 
2 : EXIT R> R> DDROP 
3 
4 
5 VARIABLE UP 7 < UP > 
6 
7 : DOUSE < -> ADOR 
8 R> 1+ @ UP @ + 
·9 

10 B' DOUSE @ DOUSE-ADDR 
11 
12 DECIMAL 
13 
14 
15 

SCR #166 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 
3 C 0 USER l 
4 < 1 USER l 
5 < 2 USER l 
6 3 USER SPO 
7 4 USER RO 
8 05 USER TIB 
9 06 USER WIDTH 

10 07 USER WARNING 
n 
12 DECIMAL 
13 
14 
15 

#167 SCR 
0 
1 
2 

\ MVP-FORTH SOURCE 
HEX CROSS-COMPILER 

3 08 USER 
4 09 USER 
5 OA USER 
6 OB USER 
7 OC USER 
8 OD USER 
9 OE USER 

10 OF USER 
11 
12. DECIMAL 
13 
14 
15 

FENCE 
DP 
VOC-LINK 
'-FIND 
'?TERMINAL 
'ABORT 
'BLOCK 
'CR 

USER VARIABLES 0 - 07 

OFF < SPO ! > 
OFF < RO ! > 

MEM-SIZE 480 - < TIB 
1F { WIDTH ! } 
1 { WARNING ! } 

USER VARIABLES 08 - OF 
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SCR #168 
0 \ MVP-FORTH SOURCE -- USER VARIABLES 10 - 17 
t. HEX CROSS-COMPILER 
2 
3 10 USER 'EMIT 
4 11 USER 'EXPECT 
5 12 USER 'INTERPRET 
6 13 USER 'KEY 
7 14 USER 'LOAD 
8 15 USER 'NUMBER 
9 16 USER 'PAGE 

10 17 USER 'R/W i 

11 I 

12 DECIMAL 
I 
I 

13 
14 
15 

SCR #169 
0 \ MVP-FORTH SOURCE USER VARIABLES 18 - lF 
1 HEX CROSS-COMPILER 
2 
3 18 USER 'T&SCALC 
4 19 USER 'VOCABULARY 
5 1A USER 'WORD 
6 1B USER >IN 0 { >IN ~ } 

7 1C USER BASE OA { BASE ~ } 

8 10 USER BLK 0 { BLK ~ } 

9 lE USER CONTEXT 
10 1F USER CSP 
11 
12 DECIMAL 
13 
14 
15 

SCR #170 
0 \ MVP-FORTH SOURCE USER VARIABLES 20 - 27 
1 HEX CROSS-COMPILER 
2 
3 20 USER CURRENT 
4 21 USER DPL 
5 22 USER FLO 
6 23 USER HLD 
7 24 USER OFFSET 
8 25 USER OUT 0 { oµT } 

9 26 USER R# 

[I 
10 27 USER SCR 
11 
12 DECIMAL 'v 

13 
14 
15 
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SCR #171 
0 \ MVP-'-FORTH SOURCE USER VARIABLES 28 - 2F 
1 HEX CROSS-COMPILER 
2 
3 28 USER STATE 0 C STAT~ ! > 
4 
5 
6 
7 
8 
9 

10 
11 
12 DECIMAL 
13 
14 
15 

SCR #172 
0 \ MVP-FORTH SOURCE 
1 HEX CROSS-COMPILER 
2 SP@ C -> N > 
3 I.DP@/. OFF AND 
4 
5 SP! < -> > 
6 OFF 'l.DP!'l. 
7 
8 RP@ < -> N 
9 'l.RP@'l. OFF ANO 

10 
1·1 RP! < -> ) 
12 R> OFF /.RP!/. >R 
13 
14 DEPTH C -> N > 

15 OFE SP@ -

SCR tU 73 

SP@ SP! 

DECIMAL 

RP@ RP! 

0 \ MVP-FORTH SOURCE -- > O> D< U< 
1 HEX CROSS-COMPILER ~ 

2 > C A 8 -> FLAG 
3 SWAP . < · ; 
4 
5 O> N -> FLAG ) 
6 0 > 
7 
8 0 < C 0 1 02 ..... > FLAG ) 
9 ROT DDUP ;:: 

10 IF ROT ROT DNEGATE D+ o< 
11 ELSE SWAP < SWAP ORO~ 
12· THEN SWAP DROP ; 
13 U< < Ul U2 -> FLAG 
14 0 SWAP 0 D< 
15 DECIMAL 
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SCR #174 
0 \ MVP-FORTH SOURCE -- 1 2 BL 
1 HEX CROSS-COMPILER 
2 1 CONSTANT 1 
3 2 CONSTANT 2 
4 20 CONSTANT BL 
5 
6 2+ C Ni -> N2 ) 
7 1+ 1 + 
8 
9 2- C Nl -> N2 ) 

10 1- 1-
11 
12 VARIABLE EPRINT 
13 
14 DECIMAL 
15 

SCR #175 

0 { EPRINT 

2+ 2- EPRINT 

} 

0 \ MVP-FORTH SOURCE -- EXECUTE <EMIT> <CR> <PAGE> 
1 HEX CROSS-COMPILER 
2 EXECUTE ( ADDR -> ) 

3 1~ >R 
4 
5 <EMIT> ( CHAR -> ) 

6 EPRINT @ 1 SYSCALL DDROP 
7 
8 <CR> ( -> ) 

9 EPRINT @ 2 SYSCALL DROP 
10 
11 <PAGE> ( -> 
12 3 SYSCALL 
13 DECIMAL 
14 
15 

SCR #176 
0 \ MVP-FORTH SOURCE -~ <KEY> 
1 HEX CROSS-COMPILER 
2 <KEY> < -> CHAR > 
3 0 4 SYSCALL 
4 
5 <?TERMINAL> ( -> FLAG ) 
6 0 5 SYSCALL -; 
7 
8 
9 

10 
11 
12 
13 
14 
15 

1 OUT +~ 

0 OUT 

<?TERMINAL> 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

** 1 77 
\ MVP-FORTH SOURCE --
HEX CROSS-COMPILER 

DECIMAL OA BASE 

HEX 10 BASE 

DECIMAL 

#178 
\ MVP-FORTH SOURCE --
HEX CROSS-COMPILER 

+- ( Nl N2 -> N3 ) 

O< IF NEGATE 

D+- ( Dl N2 -> D3 
O< IF DNEGATE 

DABS Dl -> D2 
DUP D+-

MIN ( Nl N2 -> N3 
DDUP > IF .SWAP 

MAX ( Nl N2 -> N3 
DDUP < IF SWAP 

DECIMAL 

#179 
\ MVP-FORTH SOURCE -
HEX CROSS-COMPILER 

M+ ( Dl N2 -> 03 
S->D D+ 

M* C Nl N2 -> 03 ) 
DDUP XOR >R ABS 
U* R> D+-

DECIMAL 

+- D+-

THEN 

THEN 

) 

THEN 
) 

THEN 

M+ M* M/ 

SWAP ABS 

9 M/ ( 01 N2 -> N3 N4 > 

HEX 

DABS 

DROP 

DROP 

10 OVER >R >R DUP D+- R@ ABS U/MOD 
11 R> R@ XOR +- SWAP R> +- SWAP 
12 
13 DECIMAL 
14 
15 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#180. 
\ MVP-FORTH ~OURCE M*I 
HEX- CROSS-COMPILER 

M*I < D1 N1 N2 -> D2 ) 
DDUP XOR SWAP ABS >R SWAP 
ABS >R OVER XOR -ROT DABS 
SWAP R@ LI* ROT R> LI* ROT 
R@ U/MOD -ROT R> U/MdD 
SWAP DROP SWAP ROT D+-

DECIMAL 

SCR #181 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS~COMPILER 

2 * < N1 N2 -> N3 ) 
3 LI.* DROP 
4 

* /MOD 

5 
6 
7 

/MOD 
>R 

< N1 N2 -> NREM NOUOT 
S->D R> M/ 

8 
9 

I < N1 N2 -> N3 
/MOD SWAP DROP 

10 
11 
12 
13 

MOD 
/MOD 

14 DECIMAL 
15 

#182 

Nl N2 -> N3 ) 
DROP 

0 D+ 

I MOD 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

\ MVP-FORTH SOURCE -- .*IMD_D *' M/MOD 
HEX CROSS-COMPILER 

*!MOD < N1 N2 N3 -> NREM NQUOT > 

>R M* R> M/ 

*I < N1 N2 N3 -> N4 
*IMOD SWAP DROP . 

10 
11 
12 
13 

M/MOD 
>R 0 
U/MOD 

14 DECIMAL 
15 

< UDl U2 -> U3 UD4 > 
R@ U/MOD R> SWAP 

R> 
>R 
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SCR #183 
0 \ MVP-FORTH SOURCE -- EMIT CR PAGE 
1 HEX CROSS-COMPILER 
2 B' <EMIT> @ { 'EMIT } 

3 EMIT ( ( CHAR -> ) 

4 'EMIT @ EXECUTE 
5 
6 B' <CR> @ { 'CR ! } 

7 CR ( -> ) 

8 'CR@ EXECUTE 
9 

10 B' <PAGE> @ { 'PAGE } 

11 PAGE ( -> ) 
12 'PAGE @ EXECUTE 
13 
14 DECIMAL 
15 

I -- _, 

SCR #184 
0 \ MVP-FORTH SOURCE -- ?TERMINAL KEY 
1 HEX CROSS-COMPILER 
2 B' <?TERMINAL> @ { '?TERMINAL I } 

3 ?TERMINAL ( -> FLAG ) 

4 '?TERMINAL @ EXECUTE 
5 
6 8' <KEY> @ { 'KEY } 

7 KEY ( -> CHAR ) 
,-"---'~ 

8 'KEY @ EXECUTE I 
9 

I 10 
11 
12 
13 
14 DECIMAL 
15 

i I 
I 

SCR #185 
0 \ MVP-FORTH SOURCE -- SPACE COUNT TYPE 
1 HEX CROss~coMPlLER 

.\ 

2 SPACE ( ....,) ) 

3 BL ~MIT ; 
4 
5 COUNT ADDR -> ADDR+l N ) 

6 DUP 1+ SWAP @ 
\ 

.OFF AND ; 
7 

,~--. 

8 TYPE ( ADDR N -'-> 
9 DUP O> 

10 IF OVER .+ SWAP 
11 DO I @ EMIT 1 /LOOP 
12 ELSE DDROP 
13 THEN 
14 r·"----

15 DECIMAL 
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#186 SCR 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 -TRAILING < ADDR Nl 
3 DUP 0 
4 DO DDUP + 1- @ 
5 IF LEAVE ELSE 
6 LOOP ; 
7 
8 SPACES < COUNT -~ 

0 MAX ?DUP 

;..· 

-TRAILING 

-> ADDR N2 

BL -
1- THEN 

9 
10 
11 
12 
13 

IF' #DO SPACE #LOOP 
THEN ; 

14 
15 DECIMAL 

SCR #187 
0 \ MVP-FORTH SOURCE -- PAD HERE 
1 HEX CROSS-COMPILER 
2 HERE < -> ADDR ) 
3 DP @ 
4 
5 PAD -> ADDR 
6 HERE 44 + 
7 
8 
9 

10 
11 DECIMAL 
12 
13 
14 
15 

SCR #188 

SPACES 

0 \ MVP-FORTH SOURCE -- HOLD (# #> # 
1 HEX CROSS-COMPILER 
2 HOLD ( CHAR -> > 
3 -1 HLD +! HLD @ 
4 
5 <# ( Dl -> Dl 
6 PAD. HLD 
7 
8 : #> < LID -> ADDR N 
9 DDROP HLD @ PAD OVER 

10 
11 # < UD1 -> UD2 > 
12 BASE @ MFMOD ROT 9 OVER < 
13 IF 7 + THEN 30 + HOLD 
14 
15 DECIMAL 
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SCR #189 
. 0 \ MVP-FORTH : SOURCE .:.__ . <ABORT II> 

1 HEX CR0.55-;-COMP ILER 
2 VARIABLE <QUIT-:ADDR> 
3 VARIABLE· <WHERE-:ADDR> 
4.: <ABORT">· <FLAG->>. 
5 < «ABORT''» . < .Automaticaily EXIT if FLAS=O > 

.. 6 IF <WHERE.i...ADDR) @ EXECUTE CR 
7. R@ 1+ COUNT TYPE SP! (QUIT-AODR> @ EXECUTE 
8 ELSE ~> 1~ DUP @ ~ >R . THEN ; 
9 s· <ABORT") @ ABORT"-ADDR 

10 
11 : <."> ( "."'> ) 
12 R@ 1+ C.O.UNT. · DUP 1+ R> + >R · TYPE 
13 8 . < • II > @ • II -ADDR I 

14 DECIMAL 
15 

SCR:#190 
0 \ MVP-:FORTH SOURtE 
1 HEX ~Ross~toMPILER 
1 SIGN f N -> > 
3 O< t~ 20 HOLD 
4 
5 : #S < UD -> 0 0 > 
6 .BEGIN # DDUP 
7 

SIGN #S D~R . D. 

THEN ; 

OR NOT UNTIL 

8 
9 

O. R < D N -> > { NOTE: No abort on empty stack here. ) 

O!;PTH 3 < ABORT" EMPTY STACK" 
·· 10 }R SWA.P: OVER . DUP D+-: 
(1 <# #S ROT SIGN. #> 
12 . · R> OVER - SPACES TYPE .· ; 
1j . D~ < D -> > 
14 0 D. R . SPACE . ; 
15 PECIMAL. 

#1,91 SCR 
0 
1 
2 

\ MVP-FORTH SOURCE -- .R 
HEX CRoss~c:oMPlLER 

• R ( N 1 NJ2 - > > . 
.3 

4 
$ 
.6 
7 
8 
9 

SWAP S->P ROT D~R 

: u~ N1 -) 

0 D. .. ; 

: • . < N1 -> ) 
S->D D. 

10 
11 : ? <. N1 -:> ) 
12. @ • ; 

13 
14 DECIMAL 
15 

' ..• ··. 

u. 
.• 

? 

_.,. . 
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SCR #192 
0 \ MVP-FORTH SOURCE ~~ ?COMP ?CSP ?LOADING ?PAIRS 
1 HEX CROSS-COMPILER 
2 ?COMP C -> > 

3 STATE @ NOT ABORT" COMPILE ONLY" 
4 " 
5 ?CSP < -> ) 
6 SP@ CSP @ 
7 ABORT" DEFINIT.ION NOT FlNISHED" 
8 
9 .• ?LOADING < -> > 

10 BLK @ NCJT ABORT II LOAD I NG ONL y II 

11 
12 ?PAIRS C Nl N2 ~> l 
13 ABORT" CONDITIONALS NOT PAIRED" 
14 DECIMAL 
15 

SCR #193 
0 \ MVP-FORTH SOURCE -- ?STREAM ?STACK 
1 HEX CROSS-COMPILER 
2 ?STREAM < -> > 

3 ABORT" I'·NPUT STREAM EXHAUSTED" 
4 
5 ?STACK C -> > 
6 SP@ 1 < ABORT" STACK EMPTY'' 
7 SP@ 3 < ABORT" STACK FULL" 
8 
9 

10 
11 
12 
13 
14DECIMAL 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#194 
\ MVP-FORTH SOURCE PICK ROLL 
HEX CROSS-COMPILER 

PICK < Nl -> N2 l 
DUP 1 < ABORT" PICK ARGUMENT < 1" 
NOP <PICK> NOP ; 

ROLL ( N 1 - > · > , 
.~ DUP 1 < ABORT" ROLL ARGUMENT < 1" 

NOP <ROLL.> NOP ; 

DECIMAL 
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SCR #195 
0 \ MVP-FORTH SOURCE -- MOVE 
1 HEX CROSS-COMPILER 
2 MOVE < ADDR1 ADDR2 N -> l 

3 DUP .1 < 
4 IF DDROP DROP 
5 ELSE <MOVE> THEN 
6 
7. 
8 DECIMAL 
9 

10 
11 
12 
13 
14 
15 

SCR #196 
0 \ MVP-FORT~ SOURCE -- <<MOVE> <MOVE 
1 HEX CROSS-COMPILER 
2 «MOVE> < ADDR 1 ADDR2 U 1-> l 

3 >R SWAP R@ + 1- SWAP R@ + 1- R> 
4 <<MOVEX> 
5 
6 <MOVE < ADDR1 ADDR2 N -> l 

7 DUP 1 < 
8 IF DDROP DROP 
9 ELSE <<MOVE> THEN 

10 
11 
12 DECIMAL 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 

I 6 
7 
8 
9 

10 
u 
12 
13 
14 
15 

#197 
\ MVP-FORTM SOURCE -- DISK ACCESS CONSTANTS/VARIABLES 
HEX CROSS-COMP] LER 
MEM-SIZE 2- CONSTANT LIMIT 
1 CONSTANT #BUFF 

C LIMIT #BUFF > 404 * CONSTANT FIRST 

40 CONSTANT .C/L 
VARIABLE USE C FIRST USE ! > 
VARIABLE PREV C FIRST PREV ! > 
C 0 OFFSET } 

DECIMAL 1 

j 150 



lJ 

r j 

lJ 

r r u 
I ·· .. 

LJ 

j j 
. I u 

SCR #198 
0 \ MVP-FORTH SOURCE -- <RIW> R/W 
1 HEX CROSS-COMPILER 
2 <RIW> < ADDR BLK FLAG -> > Na w~ap aver drive limits ) 
3 IF 6 SYSCALL < Read > 

4 ELSE 7 SYSCALL < Write > 

5 THEN DDROP 
6 
7 B' <RIW> @ C 'R/W ! } 
8 
9 R/W < ADDR BLK FLAG -> > 

10 'R/W @ EXECUTE 
11 
12 DECIMAL 
13 
14 
15 

SCR #199 
0 \ MVP-FORTH SOURCE -- +BUF 
1 HEX CROSS-COMPILER 
2 +BUF C ADDR -> ADDR2 FLAG 
3 404 + DUP LIMIT = 
4 IF DROP FIRST THEN 
5 DUP PREV @ 
6 

BUFFER UPDATE 

7 
8 
9 

BUFFER 
USE @ 
IF 

< N -> ADDR ( Single buffer support only!!~~~ > 

10 
11 

R@ ~ 

>R R@ @ 
R@ 2+ R@ @ 

R@ PREV 

12 
13 
14 

UPDATE ( -> ) 
PREV @ @ 8000 OR 

15 DECIMAL 

SCR #200 
0 \ MVP-FORTH SOURCE 
1 HEX CROSS-COMPILER 

O< 
7FFF AND 
R> 2+ ; 

PREV 

0 R/W 

@ 

<BLOCK> BLOCK 

THEN 

2 <BLOCK> N -> ADDR > < Supports only one block buffer ) 
3 PREV @ @ 7FFF AND 
4 IF DROP 
5 ELSE DUP BUFFER 
6 THEN PREV @ 2+ 
7 
8 B" <BLOCK> @ C 'BLOCK 
9 

10 BLOCK < N -> ADDR 
11 'BLOCK @ EXECUTE 
12 
13 DECIMAL 
14 
15 

OVER = 

SWAP 1 R/W 

} 
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SCR #201 
0 \ MVP-FORTH SOURCE -- SAVE-BUFFERS EMPTY-BUFFERS CLEAR 
1 HEX CROSS-COMPILER 
2 SAVE~BUFFERS < -> > 

3 #BUFF 1+ 0 DD 7FFF BUFFER DROP LOOP 
4 
5 
6 
7 
8 

EMPTY-BUFFERS 
FIRST LIMIT 
#BUFF 0 DD 

9 CLEAR < -> 

( -> 
OVER - 0 FILL 
7FFF 404 I * FIRST + LOOP 

10 OFFSET @ + BUFFER 400 BL FILL UPDATE 
11 
12 DECIMAL 
13 
14 
15 

SCR #202 
0 \ MVP~FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 \ ORO SAVE-BUFFERS 
3 \ DRl SAVE-BUFFERS 
4 \ DR2 SAVE-BUFFERS 
5 \ DR3 SAVE-BUFFERS 
6 
7 DECIMAL 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #203 

ORO .. DR3 

8 SYSCALL ; 
9 SYSCALL ; 
OA SYSCALL ; 
OB SYSCALL ; 

-- UNUSED 

0 \ MVP-FORTH SOURCE -- <LINE> .LINE LIST 
1 HEX CROSS-COMPILER 
2 <LINE> < Nl N2 -> ADDR COUNT 
3 BLOCK SWAP C/L * + C/L 
4 
5 .LINE < LINE SCR -> > 
6 <LINE> -TRAILING TYPE 
7 
8 LIST SCR -> > 

CR DUP SCR 
II SCREEN #" u. 10 0 

9 
10 
11 
12 
13 
14 

DO CR I 3 .R 
?TERMINAL IF 

LOOP CR 

SPACE I SCR @ .LINE 
<QUIT-ADDR> @ EXECUTE THEN 

15 DECIMAL 
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#204 
\ MVP~FORTH SOURCE -
HEX CROSS-COMPILER 

DIG IT CONVERT 

DIGIT < C .Nl -:> N2 
SWAP 30 - DUP 

TF I FF > 
9 > 

IF DUP 11 < IF 
DUP ROT < NOT IF 
DUP O< IF DROP 0 

: CONVERT 
BEGIN 
WHILE 

D+ 
I_F 
R> 

REPEAT 
DECIMAL 

#205 

< UD1 AD0R1 
1+ DUP >R @ 

SWAP BASE @ 
DPL .@ . 1+ 
1 DPL +! THEN 

R> 

DROP -1 
. DROP -1 
ELSE -1 

ELSE 
THEN 

THEN. 

-> UD2 ADDR2 > 
BASE @ DIGIT 

LI* DROP ROT 

\ MVP-FORTH SOURCE -- (NUMBER> NUMBER 
HEX CROSS-COMPILER 

<NUMBER> < ADDR -> D·> 

7 - THEN THEN 

BASE .@ 

0 0 ROT DUP 1+ @ 020 = DUP .>R ~1 DPL 
CONVERT DUP @ BL > 
IF DUP @ 02E = NOT 

ABORT" NOT RECOGNIZED" 0 DPL ! 
CONVERT DUP @ BL > ABORT'' NOT RECOGNIZED" 

THEN DROP R> 
IF DNEGATE THEN l 

B' <NUMBER> @ { 'NUMBER } 

: NUMBER ( ADDR -> 0 > 
'NUMBER @ EXECUTE 

DECIMAL 

#206 
\ MVP-FORTH SOURCE <EXPECT> 
HEX CROSS-COMPILER 

<EXPECT> . < ADDR N -> 
OVER + OVER 
DO KEY DUP 8 = 

IF DROP OUP I= 1.AND DUP R> 2- + >R 
IF 07 
ELSE 8 DUP EMIT BL EMIT_ -3-0UT +! THEN 

ELSE DUP OD ~ 

IF LEAVE DROP BL 0 
ELSE DUP THEN I ! 0 l 1+ 1 

THEN . EMIT 
1 /LOOP DROP ; 

B' <EXPECT> @ { "EXPECT } 
DECIMAL. 
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SCR #207 
0 \ MVP-FORTH.SOURCE --
1 HEX CROSS-COMPILER 
2 'STREAM ( -> ADDR 
3 BLK @ ?DUP 

'STREAM 

4 IF BLOCK ELSE 
5 >IN @ + 

TIB @ THEN 

6 
7 EXPECT < ADDR N -> ) 
8 'EXPECT @ EXECUTE 
9 

10 QUERY < ~) ) 

11 TIB@ 50 EXPECT 0 >IN 
12 
13 DECIMAL 
14 
15 

SCR #208 
0 \ MVP-FORTH SOURCE -- ENCLOSE 
1 HEX CROSS-COMPILER 

EXPECT 

2 ENCLOSE < ADDRl C -> ADDR1 Nl N2 N3 > 

QUERY 

3 <ENCLA> < ADDRl C ,...> ADDR1 Nl ADDR1+N1 > < Return .. -> C > 

4 
5 

<ENCLB> < ADDRl N1 ADDR1+N1 -> ADDR1 N1 ADDRN2 > < Pop RS > 

6 
7 

3 PICK 
DUP 

8 DECIMAL 
9 

10 
1 1 
12 
13 
14 
15 

SCR #209 

4 PICK + @ O= NOT 1 AND 

0 \ MVP-FORTH ~OURCE <WORD> WORD 
1 HEX CROSS-COMPILER 
2 <WORD> C CHAR .. -> ADDR > 
3 'STREAM SWAP ENCLOSE DDUP > 

OVER 

4 IF DDROP DDROP 0 HERE 1+ ! 0 HERE 2+ 
5 ELSE >IN +! OVER OUP >R 

+ 

6 HERE 1+ + HERE 2+ R> DUP OFF > 
7 ABORT" INPUT > 255" 1 + MOVE 
8 THEN HER~ 1+ ; 
9 

10 B' <WORD> @ ( 'WORD ! } 
11 
12· WORD < CHAR -> ADDR 
13 'WORD @ EXECUTE 
14 
15 DECIMAL 
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1 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#210 
\ MVP-FORTH SOURCE -- DOVOC FORTH 
HEX CROSS-COMPILER 

DOVOC < -> > 
R> 1+ CONTEXT ~ 

FORTH -> > 
-1 BDP +~ 

B' DOVOC @ B, 
0 B, 
8001 B, 
BL B, 
0 B, 

DECIMAL 

SCR #211 
0 \ MVP-FORTH SOURCE -- ALLOT/16 
1 HEX CROSS-COMPILER 
2 ALLOT/16 < N -> > 

3 DP +~ 

4 
5 , { N -> ) 
6 HERE 1 ALLOT/16 
7 
8 LATEST ( -> ) 
9 CURRENT @ @ 

10 
11 DEFINITIONS ( -> 
12 CONTEXT @ CURRENT 
13 
14 { FORTH DEFINITIONS } 
15 DECIMAL 

SCR 
0 
1 
2 
3 

#212 
\ MVP-FORTH SOURCE -- TRAVERSE 
HEX CROSS-COMPILER 

TRAVERSE < ADDRl N -> ADDR2 
O< 

LATEST DEFINITIONS 

4 
5 

IF < To length word ADDR1 is last char in header string 
BEGIN 1- DUP @ O< UNTIL 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

ELSE < To end of name string ADDRl is length word ) 
DUP @ OFF AND 1 MAX + 

THEN 

DECIMAL 

155 



SCR #213 
0 \ MVP-FORTH SOURCE...,.-
1 HEX . CROSS--COMP ILER · 

H~ad~r sttµcture: 

LFA.PFANfA 

2 \ 
3 \ 
4 

.. LFA NF'A ~ • TEXT .• PFA 
NFA < PFA :-> NFA > 

5 1- -1 TRAVERSE ; . 
6 
7 LFA <"PFA -> LFA > 
ei . NFA i-
9 

10 PFA·' < NFA -> P~A 
11 1 TRAVERSE 1+ J 
12 

CFA 

Note: NO CFA 1 1 

13 : CFP.i 
14 DECIMAL 
15 

< .PFA -> CFA > { This will wbrk most of tk~'time >· 

SCR #214 
0 \ MVP-FORTH SOURCE -- •.<$MATCH> 
1 ~EX CROSS-COMPILER . . . 

; . <~8~~C~> <. ~~~~p~Rl 2~~~A~~b2 => MATCH-FLAG > (. AODR-LENGTH > 

4· IF < sa~e length > 
5 1+. SWAP DUP 1+ SWAP .@. 

6 ($=) 

7 . ELSE 
8. < Diffe~ent lengths. > DDROP 0 
9 THEN 

10.DECIMAL 
11 
12 
13 
14 
15 

.SCR 
0 
1 
2 
3 
4· 
5 
b 

~21 ~vp..:.FDRTH SOURCE --· <FI.ND> <-FIND> 
HEX cRoss~cOMPILER 

<~~~~~ (ori~~T:-~~~:Tc~;A-ADDR -> PFA STATUS -1 I 0 )' 

IF SWAP OROp . DUP PFA SWAP•@ -1 ...:1 
ELSE ' 1..:.. @' 

DUP IF 0 ELSE DDROP. 0 -1 THEN 
7 . THEN 
8 UNTIL 
9 

1Q <.;.FIND> ( -> PFA STATUS -1 I 0 > . 

. 11 BL WORD CONTEXT. e @ <FIND> ; 
12 
1~ B"· <-FIND>.@ { "-FIND I } 

14 
15 DECIMAL 
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SCR #216 
0 \ MVP-FORTH SOURCE -- -FIND FIND 
1 HEX CROSS-COMPILER 
2 -FIND < -> PFA STATUS -1 I 0 
3 '-FIND @ EXECUTE 
4 
5 -> ADDR ) 
6 
7 

FIND 
-FIND IF DROP ELSE 0 THEN 

8 
9 

10 
11 
12 DECIMAL 
13 
14 
15 

SCR #217 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 COMPILE < -> l 
3 ?COMP R> 1+ DUP 
4 

COMPILE [COMPILE] 

>R @ 

[ ] 

5 
6 
7 
8 
9 

[COMPILEJ < -> > < Not required when in cross-comp > 

?COMP -FIND. NOT ABORT" NOT FOUND" 
DROP , IMMEDIATE 

10 
11 
12 
13 
14 

[ ( -> 
0 STATE 

] ( -> ) 
COOO STATE 

15 DECIMAL 

SCR #218 

IMMEDIATE 

IMMEDIATE 

0 \ MVP-FORTH SOURCE -- SMUDGE 
1 HEX CROSS-COMPILER 
2 SMUDGE < -> > 
3 LATEST 2000 TOGGLE 
4 
5 .: so ( -> ) 
6 SPO @ 
7 
8 BLANK ( -> 
9 BL FILL 

10 
11 
12 
13 
14 
15 DECIMAL 

SO BLANK 
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SCR #219 
0 
1 
2 
3 
4 
5 

\ MVP-FORTH SOURCE --
HEX CROSS-COMPILER 

LITERAL ( N -> N I 

STATE @ 
IF COMPILE LIT 

DLITERAL < N -> N I 
STATE @ 

DLITERAL LITERAL 

THEN IMMEDIATE 

6 
7 
8 
9 

IF SWAP < [COMPILEJ LITERAL < [COMPILE] > LITERAL 

10 
11 
12 
13 
14 

THEN ; IMMEDIATE 

15 DECIMAL 

SCR #220 
0 \ MVP-FORTH SOURCE -- <INTERPRET> 
1 HEX CROSS-COMPILER 
2 <INTERPRET> C - > 
3 BEGIN -FIND 
4 IF DUP STATE @ U< 
5 IF 1000 AND IF @ THEN 
6 ELSE DROP EXECUTE THEN 
7 ELSE HERE 1+ NUMBER DPL @ 1+ 
8 IF < CCOMPILEJ ) DLITERAL 
9 ELSE DROP ( [COMPILE] ) LITERAL 

10 THEN 
11 THEN ?STACK AGAIN ; 
12 8' <INTERPRET>@ { 'INTERPRET } 
13: INTERPRET < ->) 
14 . INTERPRET @ EXECUTE 
15 DECIMAL 

SCR #221 
0 \ MVP-FORTH SOURCE -- NULL 
1 HEX CROSS-COMPILER 
2 X ( -> ) NULL 
3 BLK @ 
4 IF STATE @ ?STREAM THEN 
5 R> R> DDROP IMMEDIATE 
6 
7 8' x @ 

8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

C NFA COOO OVER ! 0000 SWAP 1+ 
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SCR #222 
0 \ MVP-FORTH SOURCE -- QUIT <ABORT> 
1 HEX CROSS-COMPILER 
2 QUIT < -> ) 
3 0 BLK ! ( [COMPILE] [ 
4 BEGIN RP! CR QUERY INTERPRET 
5 STATE @ NOT 
6 IF II <CPU/16)0K" THEN 
7 AGAIN ; 
8 B' QUIT @ { <QUIT-ADDR> > \ Vector for <ABORT"> 

<ABORT> ( -> 
SP! ?STACK 

9 
10 
11 
12 < [COMPILE] ) FORTH DEFINITIONS QUIT 
13 
14 B' <ABORT> @ { 'ABORT ! > 
15 DECIMAL 

#223 
\ MVP-FORTH SOURCE -
HEX CROSS-COMPILER 

ABORT ( -> ) 
'ABORT @ EXECUTE 

COLD -> 
EMPTY-BUFFERS 
PAGE CR CR 

ABORT 
SCR 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

19 SPACES " The WISC CPU/16" CR CR 
19 SPACES ." with MVPFORTH/16 " CR CR 
lA SPACES ." 14 March 1987" CR CR 
0 EPRINT ! 
FIRST USE ! FIRST PREV ! 
DECIMAL ABORT 

15 DECIMAL 

#224 SCR 
0 \ MVP-FORTH SOURCE -- WHERE 
1 HEX CROSS-COMPILER 
2 WHERE < -> > 
3 BLK @ 

IF BLK @ DUP SCR ! CR 
DUP • >IN @ 3FF MIN 
." LINE #" C/L * 

4 
5 
6 
7 
8 
9 

CR 
C/L 
ROT 
TYPE CR CR C/L -TRAILING 

>IN @ 3FF > 1 AND + 
ELSE >IN @ 

10 THEN CR HERE 1+ @ DUP >R 
11 1+ @ BL= 
12 IF 1- THEN SPACES R> 0 
13 DO 5E EMIT LOOP ; 
14 B' WHERE @ { <WHERE-ADDR> ! > 
15 DECIMAL 
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/MOD DUP 
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\ Vector for <ABORT"> 



SCR #225 - -

-~- • ~EXMVP~~g~~~t~~~~~~R- _ <LOAD> - LOAD 

2 • <LOAD> < N ;,.. > - > --

3 ?DUP NOT ABORT" UNLDAOABLE;' · 
4 BLK @ -_>R: >IN @ - )R 
5 0 ) IN --! BLK _! INTERPRET 
6 R:> ) IN •!_ R> - BLK ! ; 
7 
a 
9 

10 
11-

B' <LOAD> @ < rLOAD ~ -> 
LOAD < N -> > 

• LOAD @ EXECUtE: ; --

THAU• <Ni·· N2 ;;...> >-
1+ SWAP DD I U. I LOAD 

THRU 

12 
13 
14 
15 

?TERMHJAL .ABORT" BREAK •• ~u LOOP_ ; 
DECIMAL.-

SCR #226 
0 \ MVP-FORTH. SOURCE -- CREATE ·-
1 H~X: CROSS-COMPILER 
2_ CREATE <~~> ) 
3 BL WO.RD · DUP 1+ -- @ 

4 O,;, ABORT" ATTEMPTED TD REDEFINE NULL" 
- 5 DUP CONTEXT @ @ <FIND> 
- 6 IF - DDRDP-. - WARNING-@ 

7 IF DUP COUNT TYPE SPACE - • II I SN. T UN I QUE II CR 
8 _-THEN 
9 THEN 

10 LATEST , _ ( Bto~e LFA > HERE CURRENT @ 
. 1'1 @ - DUP- • 8900 DR , _ 
12 ALLOT/16 { HERE h~pp~ns. to ~ligh ~ith text of ~tring J 
13 FF04 _ , - -_ -< DDVAR . ) 

14 --
15 DECIMAL 

SCR '#227 
0 \ MVP-FORTH SOURCE VARIABLE --
1 HEX CRDSS-'CDMPILER 

: ( -> ) --
2 
3 
4 
5 
6_ 
7 
8 
9 

SP@ CSP ! 
CREATE- -1 

CURRENT @ CONTEXT 

10 
11-
12. 
1_3 

.14 

ALLOt/16 SMUDGE l 

VARIA.BLE .- < ""'.'> > -
CREATE 1 Al,...LOT/16 

15 DEC lMAL ·• 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

#228 
\ MVP-FORTH SOURCE -- \ 
HEX CROSS-COMPILER 

$ ( -> ) ( alias for-

28 

i. 

-1 >IN +! 29 WORD @ 

@ 29 = NOT ?STREAM_ ; 

BLATEST @ 1+ { ! } 

( -> ) alias for 
?LOADING >IN @ C/L I 

II ( II 

HERE + 2+ 
IMMEDIATE 

"\'i ) 

1+ 
10 
11 
12 
13 
14 
15 

C/L * >IN IMMEDIATE 

5C BLATEST @ 1+ { ! 

DECIMAL 

SCR #229 
0 \ MVP-FORTH SOURCE --
1 HEX CROSS-COMPILER 
2 < -> ADDR l 

} 

3 -FIND NOT ABORT'' NOT FOUND" 
4 DROP < tCOMPILEJ l LITERAL IMMEDIATE 
5 
6 
7 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

SCR #230 
0 \ MVP-FORTH SOURCE -- BYE 
1 HEX CROSS-COMPILER 
2 BYE C -> l 
3 HALT 
4 
5 & < -> ) < Redefine this word to be 

6 ?CSP COMPILE SEMIS SMUDGE 
7 < [COMP1LEJ ) [ ; IMMEDIATE 
8 038 ( .. ; II ) BLATEST @ 1 + { ! } 

9 
10 DECIMAL 
11 
12 
13 
14 
15 
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SCR #231 
0 \ MVP-FORTH SOURCE -- LAST SCREEN LOADED 
1 HEX CRoss~coMPILER 

2 \ Set up vocabulary and dictionary pointers 
3 BLATEST @ { CONTEXT @ } 
4 SHERE { DP ) 
5 8' FORTH @ 4 + { ~DC-LINK ! } 

6 
7 \ Set up COLD vector for cold entry point at addr 5 
8 8' COLD @ { 5 ! FFOl 6 ! } 

9 
10 DECIMAL 
11 
12 
13 
14 
15 

SCR #232 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #233 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #234 
0 
1 
2' 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #235 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #236 
0 \ BOARD FORTH --- CONSTANT 
1 HEX 
2 CONSTANT < N -> > 
3 CREATE -1 ALLOT/16 
4 [ ' DOCON @ l LITERAL 
5 
6 
7 : 
8 
9 

10 
11 
12 
13 

USER < N -> > 
CREATE -1 ALLOT/16 
[ ' DOUSE l LITERAL 

IMMEDIATE < -> > 
LATEST 4000 TOGGLE 

14 DECIMAL 
15 

! 

USER IMMEDIATE 

' ; 
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SCR #237·.···· 

0 \ .BOARD FORTH._._,._ DOES> .• , ·· . . · . 
1. HEX •·. . . . . . . . · .. · · ·· · 

2 <ODES>. < .:.> ) · .· <. Compilation helper for DOES> ·) 
3 R) 1+ LATEST PFA ! . ; . 

4 
5 
6 

DOES> (· .,.) PF.A )· .• 
?CSP COMPILE .<DOES> 

.. 7 ..• GOMP I LE . 1h · COMP I LE . 1.,+ IMMEDIATE 
a. 
9 

10 .DECIMAL. 
11 
12 
13 
14 

· 15 

SCR #238 · . . . . : . . . . . . 

0 \ ·. J:!OARD FORTH --'":" IF. ELSE 
1 DECIMA.L 
2 : IF . < -) PATCH-ADDR. 2 > 

3. COMPILE ~BRANCH HERE ,0 
4· IMMEDIATE 
5 
6 

·7 
B 
9 

: THEN 
?COMP 

IMMEOIATE 

< PATCH-ADDR 2 ->>· 
2;?~AlRS HERE 

THEN 

2 . ; 

SWAP .. 

~~ : E~s;PAI~SPATg~~~~e~l B~A~~HPAT~~~~DD_R~ ~ ) 

12 SWAP 2 ·rtoMPlLEJ THEN 2 ; 
13 IMMEDIATE 
14 
15 

SCR #239. . ..... 
a' \ BOARD FORJH _ _._ ·eEG·IN. AGAIN UNTIL.·. 
i'DEClMAL 
2 : BEGIN ( -> JMP-ADDR 
3 ?COMP HE~E . 1 · .; .· . 

. 4 IMMEDIATE · 
5 
6 : AGAIN (. JMP-ADDA 1 ,..) J 
7 l ?PAIRS COMPILE BRANCH. 
B IMMEDIATE 
9 

10 
11 
12 
13 
14 
15 

: UNTIL 
1 ?PAIRS 

IMMEDIATE 

. . . .···· 

~ JMP-ADDR 1 -> l 
COMPILE OSRANCH 
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#240 
\ BOARD-FORTH 
DECIMAL 
: . WHILE ( 

SCH 
0 
1 
2 
3 [COMPILE] 
4 lMMEDIATE 
5 

--- WHILE REPEAT 

JMP-ADDR 1 -> 
IF 2+ · ; 

JMP-ADOR 1 PATCH-ADDR 3 > 

6 
7 
8 
9 

: REPEAT 
>R >R 
R> R> 

IMMEDIATE 

< JMP-ADDR 1 PATCH-ADDR 3 -> ) 
[COMPILE] AGAIN 

10 
11 
12 
13 
14 
i5 

SCR #241 

2- [COMPILE] THEN 

0 \ BOARD FORTH --- #DO #LOOP 
1 DECIMAL 
2 : #DO < -> JMP-ADDR 99 > 

3 COMPILE <#DO> HER~ 99 
4 IMMEDIATE 

: . #LOOP 99 -> ) 

DO 

5 
6 
7 ?COMP 

IMMEDIA"tE 

< JMP-ADDR 
99 ?PAIRS COMPILE <#LOOP> 

8 
9 

10 : DO < -> JMP-ADbR 4 > 

11 COMPILE <DO> HERE 4 
12 IMMEDIATE 
13 
14 
15 

SCR #242 
0 \ BOARD-FORTH LOOP /LOOP 
1 DECIMAL 
2 : LOOP < JMP-ADDR. 4 -> ) 
3 4 ?PAIRS COMPILE <LOOP> 
4 IMMEDIATE 
5 
6 : /LOOP < JMP-ADDR 4 ....;> > 

7 4 ?PAIRS COMPILE <!LOOP> 
8 IMMEDIATE 
9 

10 : +LOOP < JMP-ADDR 4 -> > 
11 4 ?PAIRS COMPILE <+LOOP> 
12 IMMEDIATE 
13 
14 
15 

+LOOP 

; . 
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SCR #243 
0 \ BOARD-FORTH --- ABORT" 
1 HEX 
2 ABORT" < FLAG -> ) 
3 ?COMP ~STREAM @ 22 = 
4 IF 1 >IN + ! 0 , 
5 ELSE 22 WORD DUP @ · 1+ SWAP OVER 
6 + @ 22 = NOT ?STREAM COMPILE <ABORT"> ALLOT/16 
7 THEN .IMMEDIATE 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
n 
12 
13 
14 
15 

#244 
\ BOARD-FORTH II 

HEX 
( -> ) 

'STREAM @ 22 = 
IF 1 >IN +! 0 , 
ELSE 22 WORD DUP @ 

22 = NOT ?STREAM 
IF @ 1+ COMPILE 
ELSE COUNT TYPE 
THEN 

THEN IMMEDIATE 

DECIMAL 

#245 

1+ OVER + @ 
STATE @ 
<."> ALLOT/16 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

\ BOARD FOR~H --~ VOCABULARY fig 
HEX 

. 9 
10 
11 
12. 
13 
14 
15 

VOCABULARY 
CREATE 

CURRENT @ 1+ 
8001 ' 
BL , 

'· 

HERE VOC-LINK @ , 
DOES> CONTEXT 1 

DECIMAL 

VOC-LINK 
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SCR #246 

0 \ BOARD FORTH --- FORGET 
1 FORGET 8L WORD CURRENT @ @ <FIND> 0= 
2 ABORT" Not in current vocabulary." 
3 DROP NFA DUP FENCE @ U< 
4 ABORT" In protected dictionary." 
5 >R R@ CONTEXT @ U< 
6 IF [COMPILE] FORTH THEN 
7 R@ CURRENT @ U< 
8 IF CCOMPILEJ FORTH DEFINITIONS THEN 
9 VOC-LINK @ 

10 BEGIN R@ OVER U< WHILE @ REPEAT 
11 DUP VOC-LINK ! 
12 BEGIN DUP 2-
13 BEGIN 1- @ DUP R@ U< UNTIL 
14 OVER 3 - ! @ ?DUP O= 
15 UNTIL R> DP I ; 

SCR #247 
0 \ BOARD FORTH --- TEXT PP 
1 HEX 
2 
3 TEXT < c --- l 
4 HERE C/L 2+ BLANK WORD BL OV~R 
5 DUP @ + 1+ ! PAD C/L 1+ MOVE ; 
6 
7 
8 
9 

10 
11 
12 

PP < n --- <text> 
DUP FFFO AND 
ABORT" Off screen." 
0 TEXT PAD 1+ SWAP 
SCR @ <LINE> MOVE UPDATE 

13 DECIMAL 
14 
15 

SCR #248 
0 \ BOARD FORTH --- COPY DOVER 
1 
2 DOVER 
3 4 PICK 4 PICK 
4 
5 COPY 
6 SWAP BLOCK 2- UPDATE 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #249 
0 \ BOARD FORTH --- DU< D- DO= D= D> D@ 
1 I i 
2 BASE @ HEX 
3 : DU< >R >R 8000 + 
4 R> R> 8000 + D< 
5 BASE 
6 
7 D- DNEGATE D+ 
8 
9 DO= OR O= 

10 
11 D= o- oo= 
12 
13 : . D> DSWAP D< 
14 
15 

SCR #250 ~, 

0 \ BOARD FORTH --- DCONSTANT • DMAX DMIN 
1 
2 DCONSTANT CREATE ' ' 3 DOES> DUP 2+ @ SWAP @ 
4 
5 DMAX DOVER DOVER D< 
6 IF DSWAP THEN DDROP ; 
7 
8 DMIN DOVER DOVER D< NOT 
9 IF DSWAP THEN DDROP 

10 
11 
12 
13 
14 
15 

SCR #251 
0 \ BOARD FORTH --- PAUSE 
1 
2 PAUSE ?TERMINAL 
3 IF 32000 0 DO LOOP 
4 BEGIN ?TERMINAL UNTIL 
5 64000 0 DO 1 /LOOP 
6 THEN 
7 
8 
9 

10 
11 
12 
13 
14 ,~ 

15 
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SCR #252 
0 \ BOARD FORTH --- .DVARIABLE ID. INDEX 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

DVARIABLE CREATE 4 ALLOT/16 

ID. COUNT 31 AND OVER + SWAP 
DO I @ 127 AND EMIT LbOP 32 EMIT 

INDEX. first, last --- > 
1+ SWAP 
DO CR I 4 .R 2 SPACES I BLOCK 64 TYPE 

PAUSE ?TERMINAL IF LEAVE THEN 1 
/LOOP CR ; 

SCR #253 
0 \ BOARD FORTH --- VLIST 
1 HEX 
2 

VLIST C/L OUT CONTEXT @ @ 3 
4 
5 
6 
7 
8 
9 

BEGIN C/L OUT @ OVER @ lF AND 
IF CR 0 
DUP ID. 
NOT PAUSE 

UNTIL 

10 
11 DECIMAL 
12 
13 
14 
15 

SCR #254 

DROP 

0 \ BOARD FORTH 
1 

OUT THEN 
SPACE SPACE 1 @ DUP 

?TERMINAL OR 

. SS • SL . SR . S 

4 

2 0 CONSTANT .SS 
3 

\ .S LEFT OR RIGHT SWITCH 

+ < 

4 . SL -1 ' . SS 
5 

1 + ! ; \ .S WITH TOP OF STACK ON LEFT 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

• SR 0 ' • SS 1+ ! \ .S WITH TOP OF STACK ON RIGHT 

.S CR 
DEPTH DEPTH 1 ROT 
IF .SS IF SWAP 1- THEN 

DO I PICK U. 1 .SS +- +LOOP 
ELSE DDROP " Empty Stack." 
THEN CR ; 

169 



SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
.. 11 
. 12. 

13 
14 

. 15 

#25;i 
\ BOARD FORTH DUMP 
HEX·. 

DUMP < addr- col.int·_:.._:;_ > 

BASE~ >R. HEX 0 
DO CR DUP I+ DUP 0. 9 D.R 4 ~PACES DUP .8 0 
·. DO DUP I + @ 0 6 D. R 

•LOOP :DROP 4 SPACES 8 0 
DO DUP I.+ @DUP 20 <OVER 7E >OR 

IF DROP 2E THEN . . EM IT 
LOOP .DROP 8 
PA.USE . ?TERMINAL IF LEAVE THEN• 

/LOOP DROP CR R> BASE . ! . ··; 

DECIMAL. 

SCR #256 
0.\ BOARD FORTH 
1 
2 
3 

·s SP@ ; . 

·s 2!. 2@ 2CONSTANT 2DROP 

4 -TEXT 
·. 5 ·IF DUP 

6 

DDl.ilP -+ SWAP_DO-·riROP 1+/DUP 1-·@ I @ - DUP 
ABS I LEAVE THEN. 1 /LOOP SWAP DROP. 

7 • 2! 
8 
9 2@ 

D! ; 

D@ ; . 
10 
11 
12 
13 

2CONSTANT DCONSTANT 

.. 14 
15 : 

2DROP 

20UP 

DDFWP ; -· 

DDlJP. ··; 

._ ": 

2DUP 

SCR #257 
0 \ BOARD FORt~ ~-~ 20VER 2SWAP 2VARIABLE )gINARY > TYPE 
1 
2 20VER DOVER ; 
3 
4 2SW.AP DSl)JAP ; .. 

·. 5 
6 : 2VARlABLE DVAR I A_BLE 
7 
8 )BINARY CON~EAT 

_9 
.10 >TYPE II •. USED IN MULTIPROGRAMME[f SYSTEMS ONLY. II ; 

11 IMMEDIATE 
12 
13 
14 
15 
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SCR #258 
0 \ BOARD FORTH --- ERASE FLUSH H OCTAL U.R ["J 
1 
2 ERASE 0 FILL ~ 

3 
4 FLUSH SAVE-BUFFERS 
5 
6 H DP 
7 
8 OCTAL 8 BASE ·; 
9 

10 U.R 0 SWAP D.R ; 
11 
12 ["J ?COMP [COMPILEJ IMMEDIATE 
13 
14 
15 

SCR #259 
0 \ BOARD FORTH --- ?MICRO 
1 
2 ?MICRO FFnn ) 
3 600 90 
4 DO DUP I @ = 
5 IF I NFA COUNT 31 AND TYPE LEAVE 
6 THEN 
7 LOOP DROP 
B 
9 

10 
11 
12 
13 
14 
15 

SCR #260 
0 \ BOARD FORTH 
1 

DE COMP DECOMPILE 

2 HEX 
3 DECOMP DUP CR 0 5 D.R 2 SPACES 
4 DUP @ DUP FFOO AND FFOO = 
5 IF ?MICRO 
6 ELSE NFA cou,...iT TYPE 
7 THEN 1+ 
8 DECIMAL 
9 

10 : DECOMPILE < addr ~> ) 
11 DEPTH 1 = IF DUP THEN 20 MIN 0 DO DECOMP LOOP 
12 
13 
14 
15 

DECOMPILE NFA FENCE 
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SCR #1 
0 INDEX CPU/16 TEST SOURCE PHIL KOOPMAN JR. 
1 
2 MVP-FORTH VERSION 
3 

LAST UPDATE: 3/14/87 

CC> COPYRIGHT 1986, 1987 4 
5 
6 
7 

Phil Koopman, J~ & WISC Technologies, Inc. 

8 LOAD 
9 SCREEN 

10 ==:==== 
11 2 LOAD 
12 25 LOAD 
13 35 LOAD 
14 NONE 
15 

SCR #2 

SOURCE 
SCREENS 
======== 
2 - 23 
25 - 34 
35 - 90 
95 - 105 

CONTENTS 
======== 
COMPREHENSIVE TEST SUITE <RUN FROM PC> 
QUICK TEST SUITE <RUN FROM PC> 
STRESS TEST SUITE <RUN FROM CPU/16) 
VARIOUS TESTS <RUN FROM CPU/16 AND/OR 

0 \ TEST SUITE FOR FORTH BOARD 
1 DECIMAL MICRO-ASSEMBLER DEFINITIONS 
2 ZZ < VALUE VALUE N -> 
3 >R = 
4 IF • " PASS " ELSE CR *** ERROR tt" R@ . CR 
5 THEN R> DROP 
6 
7 : TASKZZ 
8 STOP 
9 : QZ 24 3 DO I LOAD ?TERMINAL ABORT" BREAK" LOOP 

10 ( ERROR MESSAGE HERE IF BREAK KEY USED ==> ) QZ 
11 FORGET TASKZZ 
12 
13 
14 
15 DECIMAL 
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SCR #3 
0 CR CR ." TEST STATUS REGISTER" CR 
1 HEX 
2 XXA 0 .. DEST=STATUS 
3 
4 
5 
6 
7 
8 
9 

10 
11 

: XXB 

0000 
OOFF 
0012 
OOED 

3EA 

XXA 
XXA 
XXA 
XXA 

12 DECIMAL CR 
13 
14 
15 

#4 

P@ 

XXB OFF AND 
XXB OFF AND 
XXB OFF AND 
XXB OFF AND 

;SET 

0000 
OOFF 
0012 
OOED 

x ~ 

1 
2 
3 
4 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

CR CR . " TEST OLD REGISTER <STORE/FETCH)" 

10 
11 

HEX 
xxc 

: XXD 

0000 
FFFF 
3456 
CBA9 

0 
1 

xxc 
xxc 
xxc 
xxc 

.. DEST=DLD ;SET x ~ 

.. SOURCE=DLD ;SET X@ 

XXD 0000 1 zz 
XXD FFFF 2 zz 
XXD 3456 3 zz 
XXD CBA9 4 zz 

12 DECIMAL CR 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

#5 
CR CR 
HEX 

XXE 
: XXF 

0000 
FFFF 
4567 
BA98 

II . 

XXE 
XXE 
XXE 
XXE 

12 DECIMAL 
13 
14 
15 

0 
1 

TEST DHI REGISTER <STORE/FETCH>" 

.. ALU=A DEST=DHI ;SET x ! . . .. SOURCE=ALU ALU=B ;SET X@ . . 
XXF 0000 1 zz 
XXF FFFF 2 zz 
XXF 4567 3 zz 
XXF BA98 4 zz 

CR 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

#6 
CR CR " TEST 32-c-BIT SHIFT LEFT OF DLO/DHI" CR . 
HEX 

XXG 0 ALU=A DEST=DHI ;SET x ! 
1 .. DEST=DLO ;SET X! 

XXH 2 .. SOURCE=DLO ;SET X@ . . 
3 .. SOURCE=ALU ALU=B ;SET X@ ; 

XXJ 0 DO 4 .. SUDLOJ SU DH I J SC=O ;DO . . 
0000 0000 XXG XXH 0000 1 zz 0000 2 zz 
0 .. SUDLOJ SU DH I J SC=1 ;DO XXH 0000 3 

7 XXJ XXH 0000 5 zz 0080 6 zz 
8 XXJ XXH 0000 7 zz 8000 8 zz 
1 XXJ XXH 0001 9 zz 0000 A zz 
7 XXJ XXH 0080 8 zz 0000 c zz 
8 XXJ XXH 8000 D zz 0000 E: zz 

LOOP 

zz 0001 
10 
11 
12 
13 
14 
15 1 XXJ XXH 0000 F zz 0000 10 zz DECIMAL 

#7 SCR 
0 
1 

CR CR " TEST 32-BIT SHIFT RIGHT OF DLO/DHI" CR 
HEX 

·2 : XXK 0 DO 2 .. SC=O SR[OLOJ SR[OHI J ;DO LOOP 

0000 0000 XXG XXH 0000 1 zz 0000 2 zz 
0 .. SC=1 ;DO 

3 
4 
5 
6 
7 
8 
9 

0 .. SR[DLOJ SR[OHI J SC=l ;DO XXH 8000 3 
8 XXK 
7 XXK 
1 XXK 
8 XXK 
7 XXK 
1 XXK 

10 
11 
12 
13 
14 

DECIMAL 

15 

SCR #8 

XXH 
XXH 
XXH 
XXH 
XXH 
XXH 
CR 

0080 5 zz 0000 6 zz 
0001 7 zz 0000 8 zz 
0000 9 zz 8000 A zz 
0000 8 zz 0080 c zz 
0000 D zz 0001 E zz 
0000 F zz 0000 10 zz 

0 CR CR " FIRST TEST OF ALU FUNCTIONALITY" CR 
1 HEX 
2 : XXL ( A B -> ) 
3 0 :: ALU=A DESf=DHI ;SET X! 
4 1 :: DEsr~DLO ;SET x~ 

5 2 :: SOURCE:=DLO 
6 
7 XXM ( -> RESULT > 
8 DEST=DHI ;DO 
9 3 :: SOURCE=ALU ALU=B ;SET X@ 

10 
11 
12 0 •. SOURCE=ALU ALU=O ;SET X@ 0000 1 ZZ 

zz 

13 1 :~ SOURCE=ALU ALU=-1 ;SET X@ FFFF 1 ZZ 
14 
15 DECIMAL 
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SCR #9 
0 CR CR II SECOND TEST OF ALU· FUNCTIONALITY" CR . 
1 HEX 
2 0 8451 XXL ALU=B XXM 8451 1 zz 
3 
4 0000 0 XXL ALU=A XXM 0000 2 zz 
5 FFFF 0 XXL ALU=A XXM FFFF 3 zz 
6 ACE9 0 XXL ALW=A XXM ACE9 4 zz 
7 
8 0000 0 XXL. ALU=notA XXM FFFF 5 zz 
9 FFFF 0 XXL ALU=notA XXM 0000 6 zz 

10 1234 0 XXL ·. ALU=notA XXM EDCB 7 zz 
11 
12 0 0000 XXL ALU=notB XXM FFFF 8 zz 
13 0 FFFF XXL, ALU=notB XXM 0000 9 zz 
14 0 8765 XXL ALU=notB XXM 789A A zz 
15 DECIMAL 

SCR #10 
0 CR CR II THIRD TEST OF ALU FUNCTIONALITY" CR . 
1 HEX 
2 FFFF FFFF XXL ALU=AriorB XXM 0000 . 1 zz 
3 0000 FFFF XXL ALU=AnorB XXM 0000 2 ·ZZ 
4 FFFF 0000 XXL ALU=AnorB XXM 0000 3 zz 
5 0000 0000 XXL ALU=AnorB XXM FFFF 4 zz 
6 ACE.4 1252 XXL ALU=AnorB XXM 4109 5 zz 
7 
8 0000 0000 XXL ALU=AnandB XXM FFFF 6 zz 
9 FFFF 0000 XXL ALU=AnandB XXM FFFF 7 zz 

10 0000 FFFF XXL ALU=AnandB XXM FFFF 8 zz 
11 FFPF FFFF XXL ALU=AnandB XXM 0000 9 zz 
12 9835 87AE X.XL ALU=AnandB XXM 7FDB A zz . 
13. 
14 DECIMAL 
15 

SCR ** 11 
,.-..:.----

0 CR CR II FOURTH TEST a·F ALU FUNCTIONALITY" CR . 
1 HEX 
2 FFFF FFFF XXL ALU=AxorB XXM . 0000 1 zz 
3 0000 FFFF XXL ALU=AxorB XXM FFFF 2 zz 
4 FFFF 0000 XXL ALU=AxorB XXM FFFF 3 zz 
5 0000 0000 XXL ALU=AxorB XXM 0000 4 zz 
6 ACE4 1252 XXL ALU=AxorB XXM BE86 5 zz 
7 

. ,,.~ ~\ 

8 0000 0000 XXL ALU=AxnorB XXM' FFFF 6 zz 
9 FFFF 0000 XXL ALU=AxnorB XXM 0000 7 zz 

10 0000 FFFF XXL ALU=AxnorB XXM 0000 8 zz 
11 FFFF FFFF XXL ALU=AxnorB XXM FFFF 9 zz 
12 9835 87AE XXL ALIJ=AxnorB XXM _E064 A zz 
13 
14 DECIMAL 
15 
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SCR #12 
0 CR CR . " FIFTH TEST OF ALU FUNCTIONALITY" CR 
1 HEX 
2 FFFF FFFF 
3 0000 FFFF 
4 FFFF 0000 
5 0000 0000 
6 A3E4 8252 
7 
8 0000 0000 
9 FFFF 0000 

10 0000 FFFF 
11 FFFF FFFF 
12 A3E4 8252 
13 
14 DECIMAL 
15 

SCR #13 

XXL 
XXL 
XXL· 
XXL 
XXL 

XXL 
XXL 
XXL 
XXL 
XXL 

ALU=Aor-8 XXM 
ALU=Aor-8 XXM 
ALU=Aor-8· :, X XM 
ALU=Aor-8 XXM 
ALU=Aor-B XXM 

ALU=Aand8 XXM 
ALU=AandB XXM 
ALU=AandB XXM 
ALU=Aand8 XXM 
ALU=AandB XXM 

FFFF 
FFFF 
FFFF 
0000 
A3F6 

0000 
0000 
0000 
FFFF 
8240 

1 zz 
2 zz 
3 zz 
4 zz 
5 zz 

6 zz 
7 zz 
8 zz 
9 zz 
A ZZ 

0 CR CR 
1 HEX 

." SIXTH TEST OF ALU FUNCTIONALITY" CR 

2 0000 
3 1000 
4 1234 
5 8000 
6 

0 
0 
0 
0 

7 0000 0 
8 FFFF 0 
9 1234 0 

10 OOFF 0 
11 
12 DECIMAL 
13 
14 
15 

XXL ALU=A-1 
XXL ALU=A-1 
XXL ALU=A-1 
XXL ALU=A-1 

XXL ALU=A+l 
XXL ALU=A+l 
XXL ALU=A+l 
XXL ALU=A+l 

XXM 
XXM 
XXM 
XXM 

XXM 
XXM 
XXM 
XXM 

FFFF 
OFFF 
1233 
7FFF 

0001 
0000 
1235 
0100 

1 zz 
2 zz 
3 zz 
4 zz 

5 zz 
6 zz 
7 zz 
8 zz 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

#14 
CR CR 
HEX 
0000 
0010 
8000 
1234 
7612 

." SEVENTH TEST OF ALU FUNCTIONALITY" CR 

10 
11 
12 
13 
14 
15 

0000 
OOOF 
7FFF 
5678 
176F 

0000 0000 
0010 OOOF 
8000 8000 
1234 5678 
7612 176F 

DECIMAL 

XXL 
XXL 
XXL 
XXL 
XXL 

XXL 
XXL 
XXL 
XXL 
XXL 

ALU=A-B-1 
ALU=A-8-1 
ALU=A-B-1 
ALU=A-B-1 
ALU=A-B-1 

ALU=A-B 
ALU=A-B 
ALU=A-B 
ALU=A-B 
ALU=A,...B 

XXM 
XXM 
XXM 
XXM 
XXM 

XXM 
XXM 
XXM 
XXM 
XXM 

FFFF 
0000 
0000 
BBBB 
5EA2 

0000 
0001 
0000 
BBBC 
5EA3 

177 

1 zz 
2 zz 
3 zz 
4 zz 
5 zz 

6 zz 
7 zz 
8 zz 
9 zz 
A ZZ 



SCR #15 :: ' 

0 CR CR " EIGHTH TEST OF ALU FUNCTIONAL I TY" CR . 
1 HEX 
2 0000 0000 XXL ALU=A+B+1 .XXM 0001 1 zz 
3 EEEE 111F XXL ALU=A+B+l XXM OOOE 2 zz 
4 8000 7FFF XXL ALU=A+B+l XXM 0000 3. zz 
5 1234 5678 XXL ALU=A+B+l XXM 68AD 4 zz 
6 7612 176F XXL ALU=A+B+l XXM 8082· 5 zz 
7 
8 0000 0000 XXL ALU=A+B XXM 0000 6 zz 
9 0002 OOOF XXL ALU:i::A+B XXM 0011 7 zz 

10 EEEE 111F XXL ALU=A+B XXM OOOD 8 zz 
11 1234 5678 XXL ALU=A+B XXM 68AC 9 zz 
12 7612 176F XXL ALU=A+B XXM 8D81 A zz 
13 
14 DECIMAL 
15 

SCR #16 
0 CR CR • II. NINTH TEST OF ALU FUNCTIONALITY" CR 
1 HEX 
2 0000 0 XXL ALU=A+A+i XXM 0001 1 zz 
3 FFFF 0 XXL ALU=A+A+1 XXM FFFF 2 zz 
4 OlFF 0 XXL ALU=A+A+l XXM 03FF 3 zz 
5 1234 0 XXL ALU=A+A+1 XXM 2469 ·4 zz 
6 C612 0 XXL ALU=A+A+1 XXM 8c2s· 5 zz 
7 
8 0000 0 XXL ALU=A+A XXM 0000 6 zz 
9 FFFF 0 XXL ALU=A+A XXM FFFE 7 zz 

1.0 01FF 0 XXL ALU=A+A XXM 03FE 8 zz 
11 1234 0 XXL ALU=A+A XXM 2468 9 zz 
12 C612 0 XXL ALU=A+A XXM 8C24 .A zz 
13 
14 DECIMAL 
15 

SCR #17 
0 CR CR " DP TEST" CR . 
1 HEX 
2 : · XXN 0 .. DEST=OP ;SET x ! ; .. 
3 : XXP 1 .. SOURCE=DP ;SET X@ 
4 
5 00 XXN XXP OOFF AND 0000 L ZZ 
6 FF XXN XXP OOFF AND OOFF 2 zz 
7 
8 00 XXN 0 .. INCCDPJ ;DO XXP OOFF AND 0001 3 zz . . 
9 OF XXN 0 .. INCfDPl ;DO XXP OOFF AND 0010 4 zz . . 

10 FF XXN 0 .. INCCDPl ;DO XXP OOFF AND 0000 5 zz . . 
11 
12· 00 XXN 0 .. DECCDPJ ;DO XXP OOFF AND OOFF 6 zz . . 
13 10 XXN 0 .. DECtOPl ;DO XXP OOFF .AND OOOF 7 zz . . 
14 FF XXN 0 .. DECCDPl ;DO XXP OOFF AND OOFE 8 zz . . 
15 DECIMAL 
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SCR #18 

I I 
0 CR CR II RP TEST" CR . 

__ _j 1 HEX 
2 XXQ 0 .. DEST:::RP ;SET x ~ 
3 : XXR 1 .. SOURCE=RP ;SET X@ . . 
4 
5 00 XXQ XXR OOFF AND 0000 1 zz 
6 FF XXQ XXR OOFF AND OOFF 2 zz 

Jj 7 
8 00 XXQ 0 .. INCCRPJ ;DO XXR OOFF AND 0001 3 zz . . 
9 OF XXQ 0 .. INCCRPJ ;DO XXR OOFF AND 0010 4 zz 

10 FF XXQ 0 .. INCCRPJ ;DO XXR OOFF AND 0000 5 zz 
11 
12 00 XXQ 0 .. DECCRPJ ;DO XXR OOFF AND OOFF 6 zz . . 
13 10 XXQ 0 .. DECCRPJ ;DO XXR OOFF AND OOOF 7 zz . . 

( l 
14 FF XXQ 0 .. DECCRPJ ;DO XXR OOFF AND OOFE 8 zz .. 
15 DECIMAL 

LJ 

SCR #19 
0 CR CR II DS TEST" CR . 
1 HEX 
2 xxs 0 .. DEST=DP ;SET x ! 1 . . DEST=DS ;SET x ! ; 
3 XXT 2 .. DEST=DP ;SET x ! 3 .. SOURCE=DS ;SET X@ ; 
4 
5 xxu 
6 100 0 DO I OF7 * I + I xxs LOOP 

,- -1 7 100 0 DO I XXT I OF7 * I + I zz LOOP 
I i 8 l_J 

9 II PLEASE WAIT ... II CR 
10 xxu 
11 
12 
13 
14 
15 DECIMAL 

SCR #20 
0 GR CR II RS TEST"- CR . 
1 HEX 
2 xxw 0 . . DEST=RP ;SET x ! 1 .. DEST:::RS ;SET x ! ; . . . . 
3 xxx 2 . . DEST=RP ;SET x ! 3 .. SOURCE=RS ;SET X@ ; . . .. 
4 
5 XXY 

(-i 6 100 0 DO I OF7 * I + I xxw LOOP 

LJ 7 100 0 DO I xxx I OF7 * I + I zz LOOP 
8 
9 II PLEASE WAIT ••• '' CR 

10 XXY 
11 
12 
13 
14 
15 DECIMAL 

I ' 
LJ 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

#21 
CR CR II PC JEST" CR . 
HEX 

YYA 0 .. ALU=A DEST=PC ;SET X' 
: YYB 2 .. END ;DO .. 

3 .. SOURCE=PCSAVE ;SET X@ 

0000 YYA YYB 0000 1 zz 
F='FFF YYA YYB FFFF 2 zz 
7654 YYA YYB 7654 3 zz 

OOFE YYA 0 .. INC[PCJ ;DO YYB OOFF 4 zz . . 
OFFF YYA 0 .. INC[PCJ ;DO YYB 1000 5 zz . . 
FFFF YYA 0 .. INC[PCJ ;DD YYB 0000 6 zz . . 
lFFF YYA 0 .. END ;DO . . 

1 .. SOURCE=PCSAVE ;SET X@ lFFF 7 zz . . 
DECIMAL 

#22 
CR CR II RAM TEST" CR 
HEX 

YYC 0 .. ALU=A . . DEST=PC ;SET X! 
;SET X! 

0 .. DEST=RAM ;SET X! 
YYD 0 .. ALU=A DEST=PC 0 ::. SOURCE=RAM ;SET X@ 

YYE ( 256 CELL RAM TEST 
DUP 100 + OVER DO I I YYC LOOP 
0 SWAP 
DUP 100 + SWAP DO I YYD I = + LOOP 

100 

" PLE;ASE WAIT ... II CR 
0000 YYt: l zz 
0100 YYE 2 zz 

DECIMAL 

#23 
CR CR ." MICRO_-RAM TEST" CR 
HEX 

YYF < 64 CELL RAM TEST > 
DUP 040 + OVER DO I · I 
0 SWAP 
DUP 04.0 + SWAP DO I MZ@ 

040 

"PLEASE WAIT ••. " CR 
0000 YVF 1 ZZ 
0040 YYF 2 ZZ 

I MZ! LOOP 

I = SWAP I = ANO + LOOP 

14 DECIMAL 
15 
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SCR #24 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #25 
0 \ FUNCTIONALITY TEST - PRIMITIVES 
1 DECIMAL 
2 TEST < VALUE VALUE -> ) 
3 = IF " DK " ELSE " ***** FAILED ***** " THEN 
4 
5 
6 26 33 THRU 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #26 
0 \ TEST STATUS AND DLD 
1 HEX MICRD~ASSEMBLER STOP 
2 CR CR ." STATUS REGISTER: " 
3 0 :: DEST=STATUS ;SET 87 X! 
4 3EA P@ 87 TEST CR 
5 
6 CR CR • " OLD: II 

7 0 .• DEST=DLO ;SET 97EB X! 
8 1 .. SOURCE=DLO ;SET X@ 97EB TEST 
9 

10 2 .• SL[DLOJ ;DO 
11 3 •· SOURCE=DLO ;SET X@ FFFE AND 2FDO TEST 
12 
13 4 .. SRCDLDJ ;DO 
14 5 .. SOURCE=DLO ;SET X@ 7FFF AND 17EB TEST CR 
15 DECIMAL 

181 



SCR #27 
0 \. TEST DHI 
1 HEX STOP 
2 CR CR . II Drl I : II 

1234 x~ 3 0 .. ALU=A DEST=DHI 
4 1 :: SOURCE=ALU ALU=B 
5 

;SET 
;SET X@ 1234 TEST 

6 
7 
8 
9 

2 
3 

4 

.. .. . . 

.. 

SLCDHI J ;DO 
SOURCE=ALU ALU=B ;SET X@ FFFE AND 2468 TEST 

SR[DHI J ;DO 
10 
11 

5 .. . . SOURCE=ALU ALU=B ;SET X@ 7FFF AND 1234 TEST 

12 
13 
14 
15 DECIMAL 

SCR #28 
0 \ TEST ALU 
1 HEX STOP 
2 CR CR . " ALU: II 

3 0 ·• ALU=-1 DEST=DHI ;DO 
4 1 .. ALU=Axor8 DEST=DHI ;SET 1234 X~ 

5 3 .. SOURCE=ALU ALU=B ;SET X@ EDCB TEST 
6 
7 4 .. ALU=A+8+1 DEST=DHI ;SET 234 X~ 

8 5 .. SOURCE=ALU ALU=B ;SET X@ FOOO TEST CR 
9 

10 
11 
12 
13 DECIMAL 
14 
15 

SCR #29 
0 \ TEST DP AND OS 
1 HEX STOP 
2 CR CR • " DP /DS: II 

3 0 :: DEST=DP ;SET 14 X! 
4 1 .. SOURCE=DP ;SET X@ FF AND 14 TEST 
5 
6 
7 
8 
9 

2 

0 
0 

.. 

.. .. 

DEST=DS INCfDPJ 
4309 x ! 2280 x ! 
SOURCE=DP ;SET 
DEC[OPJ ;DO 

;SET 
5077 x ! 0266 x ! FF55 

X@ FF AND 1A TEST 
x ! 44FF 

CR 

x ! 

10 
11 
12 

QQ MICRO-ASSEMBLER 3 .. . . SOURCE=DS ;SET X@ TEST 
4 .. DEC[DPJ ;DD 

13 44FF QQ FF55 QQ 0266 QQ 5077 QQ 2280 QQ 4309 QQ CR 
14 
15 DECIMAL 

182 

,-~ 

' ' 



'--·-' 

0 

0 
D 
0 
D 
·LJ 

0 

0 
u 
[J 

D 
LJ 

0 
D 
f] 

SCR #30 
. 0 \ TEST RP AND RS 

1 HEX STOP 
2 CR CR . " RP !RS: " 
3 0 .. DEST=RP ;SET OF X! 
4 1 :: SOURCE=RP ;SET X@ FF ANO OF TEST 
5 
6 
7 
8 
9 

10 
11 
12 

2 

0 
0 

.. . . 

.. .. . . • . . . 
WW 

DEST=RS INC[RPJ 
4309 x ! 2280 x ! 
SOURCE:=RP ;SET x@ 
DEC[RPJ ;DO 

MICRO-ASSEMBLER 
4 .. DEC[RPJ ;DO . . 

;SET 
5077 x ! 0266 x ! . FF55 

FF AND 15 TEST 

3 ·• . SOURCE=RS ;SET .. 

x ! 44FF x ! 

X@ TEST 

13 44FF WW FF55 WW 0266 WW . 5077 WW 2280 WW 4309.WW CR 
14 
15 DECIMAL 

SCR #31 
0 \ TEST PC 
l HEX STOP 
2 CR CR. ." . PC: " 
3 0 :: ALU=A DEST=PC ;SET 
4 
5 
6 
7 
8 
9 

3 .. 
4 .. 
FFFF 
4 .. . . 

END ;DD 
SOURCE=PCSAVE ;SET 

OOOF Z! 
ALU=A DEST=PC ;SET 

EA45 X! 

X@ EA45 TEST 

OOOF x ! 
10 
11 
12 
13 

2 . . INC[PCJ ;DD 3 .. END ;DD . . 
5 .. SOURCE=PCSAVE 

14 DECIMAL 
15 

SCR #32 
0 \ PROGRAM RAM TEST 
1 HE:X STOP 
2 CR CR " PROGRAM RAM 
3 1234 O Z! 9876 
4 FFFF 4 Z! ACDE 
5 ' 

6 0 Z@ . 1234 TEST 
7 2 Z@ 8765 TEST 
8 4 Z@ FFFF TEST 
9 

10 CR 
11 
12 OECIMAL 
13 
14 
15 

;SET X@ 

TEST: " 
1 z ! 

1FFF z ! 

1 
·3 

1FFF 

0010 TEST 

8765 2 z ! 

Z@ . 9816 TEST 
Z@ 0 TEST 
Z@ ACDE TEST 
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SCR #33 
0 \ MICRO-PROGRAM RAM TEST 
1 HEX STOP 
2 CR CR . " .MI CRO:-PROGRAM RAM TEST: " 
3 12345678. 0 MZ ! 987654. 1 MZ!' 
4 FFFFFFFF. 3 MZ ! 0. 4 MZ ! 
5 55555555. 6 MZ ! 12121212. 7 MZ ! 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 

·6 
7 
8 
9 

10 
n 
12 
13 
14 
15 

0 MZ@ 
2 MZ@ 
4 MZ@ 
6 MZ@ 
8 MZ@ 

DECIMAL 

#34 

SCR #35 

1234 TEST 5678 TEST 
ABCD TEST 'EF09 TEST 

0 TEST 0 TEST 
5555 TEST 5555 TEST 
7878 'TEST 7856 TEST 

0 \ STRESS TEST LOAD SCREEN 
1 DECIMAL 
2 2 CONSTANT REPS 
3 " STRESS TEST. · ITERATIONS = " 
4 CR CR 
5 36 90 THRU 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
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1 MZ@ 
3 MZ@ 
5 MZ@ 
7 MZ@ 

REPS • 

ABCDEF09. 
AAAAAAAA. 
78787856. 

98 TEST 
FFFF TEST 
AAAA TEST 
1212 TEST 

2 MZ! 
5 MZ! 
8 MZ! 

76!:j4.TEST 
FFFF TEST 
AAAA TEST 
1212 TEST 
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#36 SCR 
0 \ MICROCODE 
1 DECIMAL 

TESTING #DO #LOOP 

2 X#LOOP 
3 12345 
4 
5 
6 
7 
8 
9 

REPS 

CR . 

10 X#LOOP 
11 
12 
13 
14 
15 

SCR #37 

#DO 0 -1 #DO 
1 + #LOOP 
-1 = NOT ABORT" #LOOPA" 

II II ?TERMINAL ABORT" 
CR ; 

BREAK" 

0 \ MICROCODE TESTING DOVAR DOCON 
1 DECIMAL 
2 1234 CONSTANT CONA 
3 VARIABLE VARA 
4 
5 XVARCON 
6 1 2 3 4 5 
7 REPS #DO -1 #DO 

#LOOP 

8 CONA VARA VARA @ CONA = NOT ABORT" DOVAR/DOCON" 
9 

10 
11 
12 

0 VARA ~ 

#LOOP II 

CR . . . . . 
?TERMINAL ABORT" BREAK" 
CR ; 

13 XVARCON 
14 
15 

SCR #38 
0 \ MICROCODE 
1 DECIMAL 

TESTING ABORT" 

2 XABORT 
3 1 2 3 
4 REPS 
5 1 
6 0 
7 #LOOP 
8 CR • . 
9 

10 
11 
12 
13 
14 
15 

XABORT 

4 5 
#DO 

NOT ABORT" ABORTA" 
ABORT"· ABORTS" 

-1 #DO 

" " ?TERMINAL ABORT" BREAK" 
CR ; 
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#LOOP 

#LOOP 



SCR #39 
0 \ MICROCODE TESTING 
1 DECIMAL 

= 

2 x=· 
3 12345 
4 REPS #DO 
5 5 
6 5 
7 5 
8 #LOOP II 

9 CR •. 
10 
11 X= 
12 
13 
14 
15 

SCR #40 

5 
6 

II 

DUP = 
= 

NOT 
NOT 

-1 #DO 
ABORT" =A" 
ABORT" =B" 

= ABORT" '=C" 
?TERMINAL ABORT" BREAK" 
CR ; 

0 \ MICROCODE TESTING + 

1 DECIMAL 
2 X+-
3 12345 
4 
5 
6 
7 
8 
9 

10 x+~ 
11 
12 
13 
14 
15 

#41 

REPS #DO 
1234 5678 + 
1234 5678 -

#LOOP II II 

CR • . . . . 

-1 #DO 
6912 = NOT ABORT" +" 

-4444 = NOT ABORT" -" · 
?TERMINAL ABORT" BREAK" 
CR 

SCR 
0 
1 
2 
3 
4 

\ MICROCODE TESTING 
DECIMAL 

+! 

5 
6 
7 

VARIABLE VARB 
X+! 

1 2 3 4 5 
REPS #DO 1234 DUP VARB ! -1 #DO 

I VARB +! 
VARB@ =NOT ABORT" +!" 

#LOOP 

#LOOP 

8 
9 

I + 
DUP 

·#LOOP 
CR 

DROP • II • II ?TERMINAL ABORT" BREAK II . 

10 
11 X+! 
12 
13 
14 
15 

CR ; 
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SCR #42 
0 \ MICROCODE TESTING -ROT 
1 DECIMAL 
2 X-ROT 
3 12345 
4 REPS #DO -1 #DO 
5 1111 2222 3333 -ROT 
6 2222 = NOT ABORT" -ROTA" 
7 1~11 = NOT ABORT" -ROTB" 
8 3333 = NOT ABORT" -ROTC" 
9 #LOOP II ?TERMINAL ABORT" BREAK" 

10 CR . • . . . CR ; 
11 
12 X-ROT 
13 
14 
15 

SCR #43 
0 \ MICROCODE TESTING ROT 
1 DECIMAL 
2 XROT 
3 1 2 3 4 5 
4 REPS #DO -1 #DO 
5 1111 2222 3333 ROT 
6 1111 =NOT ABORT" ROTA" 
7 3333 = NOT ABORT" ROTB" 
8 2222 = NOT ABORT" ROTC" 
9 #LOOP ?TERMINAL ABORT" BREAK" 

10 CR . . . . . CR ; 
11 
12 XROT 
13 
14 
15 

#44 

#LOOP 

#LOOP 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

\ MICROCODE TESTING 
DECIMAL 

0 OBRANCH BRANCH 

XO 
1 2 3 

REPS 
0 
1 

#LOOP 

4 5 
#DO -1 #DO 

IF 1 ABORT" OBRANCH" THEN 
IF ELSE 1 ABORT" BRANCH" THEN 

?TERMINAL ABORT" BREAK" 
8 CR • . • • . CR ; 
9 

10 XO 
11 
12 
13 
14 
15 

187 

#LOOP 



SCR #45 
0 \ MICROCODE TESTING 
1 HEX 

1 + 1- 2* 

2 • x 1 
3 12345 
4 
5 
6 
7 
8 
9 

REPS #DO 
7FFF 1+ 
0000 1-
3FFF 2* 

#LOOP II II 

CR • . . . • 
10 DECIMAL 
11 x 1 
12 
13 
14 
15 

SCR #46 

-1 #DO 
8000 = NOT ABORT" 1-t" 
FFFF = NOT ABORT" 1-" 
7FFE = NOT ABORT" 2*" 

?TERMINAL ABORT" BREAK" 
CR ; 

0 \ MICROCODE TESTING 
1 DECIMAL 

< 

2 X< 
3 1 2 3 4 5 
4 REPS 
5 5 6 
6 5 5 

#DO 
< NOT 
< 

-1 #DO 
ABORT" <A" 
ABORT" <B'' 

7 #LOOP II 11 ?TERMINAL ABORT" BREAK" 
8 CR .. 
9 

10 X< 
11 
12 
13 
14 
15 

#47 

CR ; 

\ MICROCODE TESTING 
DECIMAL 

4 5 

DO +LOOP 
SCR 

0 
1 
2 
3 
4 
5 

X+LOOP 
1 2 3 

REPS #DO 0 20000 -10000 
1 + 3 +LOOP 

DO 

6 
7 
8 
9 

CR • 

10 X+LOOP 
11 
12 
13 
14 
15 

10000 = NOT ABORT" +LOOPA" 
II .. ?TERMINAL ABORT" BREAK" 

CR ; 
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SCR #48 
0 \ MICROCODE TESTING DO /LOOP 
1 DECIMAL 
2 X/LOOP 
3 1 2 3 4 5 
4 REPS #DO 0 -1000 0 DO 
5 1 + 3 /LOOP 
6 21512 = NOT ABORT" /LOOPA" 
7 II ?TERMINAL ABORT" BREAK" #LOOP 
8 CR . . . . . CR ; 
9 

10 X/LOOP 
11 
12 
13 
14 
15 

SCR #49 
0 \ MICROCODE TESTING DO LOOP 
1 DECIMAL 
2 XLOOP 
3 1 2 3 4 5 
4 REPS #DO 0 20000 -10000 DO 
5 1 + LOOP 
6 30000 = NOT ABORT" LOOPA" 
7 ?TERMINAL ABORT" BREAK" #LOOP 
8 CR . . . . CR ; 
9 

10 XLOOP 
11 
12 
13 
14 
15 

SCR #50 
0 \ MICROCODE TESTING AND OR XOR 

'--~' 
1 HEX 
2 XAOX 
3 1 2 3 4 5 
4 REPS #DO -1 #DO 
5 05AF 5AFO AND OOAO = NOT ABORT" AND" 
6 05AF 5AFO OR 5FFF = NO.T ABORT" OR" 
7 05AF 5AFO XOR 5F5F = NOT ABORT" XOR" 

i 8 #LOOP II ?TERMINAL ABORT" BREAK" #LOOP 
l__J 9 CR . . . . . CR ; 

10 DECIMAL 

I 
I 11 XAOX 
i 12 

-·- 13 
14 
15 
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#51 
\ MICROCODE TESTING D@ D! 
DECIMAL 
VARIABLE VARC 1 ALLOT 

XD@! 

-1 #DO 
VARC D! 

SCH 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 2 3 4 5 
REPS #DO 

1234 5678 
VARC D@ 5678 = NOT ABORT" D@!A" 

. . 1234 = NOT ABORT" D@!B" 
#LOOP 
CR 

II . ?TERMINAL ABORT II BREAK II #LOOP 
10 
11 
12 
13 
14 
15 

XD@! 

SCR #52 

CR ; 

0 \ MICROCODE TESTING D+ 
1 HEX 
2 XD+ 
3 12345 
4 REPS #DO -1 .#DO 
5 12345678. 456FFA2. D+ 
6 . 168B = NOT ABORT II D+A." 
7 561A = NOT ABORT" D+B" 
8 #LOOP ?TERMIN~L ABORT" BREAK" 
9 CR . . . . . CR ; 

10 DECIMAL 
f1 XD+. 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 

#53 
\ MICROCODE TESTING 
DECIMAL 

XDD 
1 2 3 4 5 
REPS #DO 

l I 100 + 

DSWAP DDROP DDUP 

-1 #DO 
1111 2222 DSWAP DDUP 

#LOOP 

6 I 100 + = NOT ABORT" DOA" 
DSWAP DDROP 

l = NOT ABORT" DDB" 
7 
8 I 100 + = NOT ABORT" DOC" I = NOT ABORT" ODD" 
9 

10 
11 
12. XDD 
13 
14 
15 

#LOOP Cl II ?TERM lNAL ABORT Cl BREAK Ii #LOOP 
CR • • • . • CR ; 
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SCR #54 
0 \ MICROCODE TESTING DUP DROP SWAP OVER 

HEX 
2 XDDSO 
3 12345 
4 REPS #DO -1 #DO 
5 I 1234 OVER SWAP DROP 
6 = NOT ABORT" DDSO" 
7 #LOOP II II ?TERMINAL.ABORT" BREAK" 
8 CR . . . • • CR ; 
9 DECIMAL 

10 XDDSO 
11 
12 
13 
14 
15 

#55 SCR 
0 \ MICROCODE TESTING 
1 HEX 

NEGATE NOT 

2 XNN 
3 12345 
4 REPS #DO 
5 0 NEGATE 
6 
7 
8 
9 

-5678 NEGATE 
1234 NEGATE 
1 NOT NOT 
0 NOT 

10 #LOOP 
11 CR . 
12 DECIMAL 
13 XNN 
14 
15 

SCR #56 

-1 #DO 
ABORT" NEGATEA" 

5678 NOT ABORT" NEGATES" 
-1234 = NOT ABORT" NEGATEC" 

NOT ABORT" NOTA" 
NOT ABORT" NOTS" 

?TERMINAL ABORT" BREAK" 
CR ; 

0 \ MICROCODE TESTING TOGGLE 
1 DECIMAL 
2 VARIABLE VARF 
3 XTOGGLE 
4 12345 
5 REPS #DO 1234 DUP VARF ! -1 #DO 
6 I XOR VARF I TOGGLE 
7 DUP VARF @ = NOT ABORT" TOGGLE" 

#LOOP 

#LOOP 

8 #LOOP DROP ." ." ?TERMINAL ABORT" BREAK" 
9 CR • • • • • CR ; 

10 
11 XTOGGLE 
12 
13 
14 
15 
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SCR #57 
0 \ MICROCODE TESTING U* JMP=xxCC 
1 DECIMAL 
2 XU* 
3 r 2 3 4 .5 
4 REPS #DO -1 #DO 
5 1234 5678 U* 
6 106 = NOT ABORT" U*A" 
7 -5700 = NOT ABORT" U*B" 
8 #LOOP " ?TERMINAL ABORT" BREAK" #LOOP 
9 CR . . . . . CR ; 

10 
11 XU* 
12 
13 
14 
15 

#58 
\ MICROCODE TESTING 
HEX 

XRRC 
1 2 3 4 5 

-1 #DO 

RRC 
SCR 

0 
1 
2 
3 
4 
5 

REPS #DO 
0 1 RRC 0 

6 0 RRC -1 
7 100 0 RRC 0 

NOT ABORT" RRCA" 
= NOT ABORT" RRCC" 
= NOT ABORT" RRCE" 

?TERMINAL ABORT" 

8000 = 
0 

NOT ABORT" RRCB" 
= NOT ABORT" RRCD" 
= NOT ABORT" RRCF" 80 

BREAK" 8 #LOOP 
9 CR . • . . . 

10 DECIMAL 
11 XRRC 
12 
13 
14 
15 

#59 

CR ; 

SCR 
0 
1 
2 
3 

\ MICROCODE TESTING RLC 

4 
5 
6 
7 
8 

HEX 
XRLC 

1 2 3 
REPS 

0 1 
8000 0 

80 0 
#LOOP 

9 CR • 
10 DECIMAL 
11 XRLC 
12 
13 
14 
15 

4 5 
#DO .. 

RLC 
RLC 
RLC 

II .. 

'-1. #DO 
0 = NOT ABORT" RLCA" 

~1 = NOT ABORT" RLCC" 
0 = NOT ABORT" RLCE" 

?TERMINAL ABORT" BREAK" 
CR ; 
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1 
0 

100 

#LOOP 

= NOT 
= NOT 
= NOT 
#LOOP 

ABORT" RLCB" 
ABORT" RLCD" 
ABORT" RLCF" 

' ! 
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I 

I 
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#60 SCR 
0 \ MICROCODE 
1 HEX 

TESTING ADC JMP=xxCA 

2 XADC 
3 1 2 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

REPS 
0 0 1 

1234 5678 
E234 5678 

#LOOP 
CR . • 

DECIMAL 
XADC 

SCR #61 

4 5 
#DO 

ADC 
0 ADC 
1 ADC 

II 

-1 #DO 
0 = NOT 
0 = NOT 
-1 = NOT 
?TERMINAL 
CR ; 

ABORT". ADCA" 1 = 
ABORT" ADCC" 68AC = 
ABORT" ADCE" 38AD = 

NOT ABORT" ADCB" 
NOT ABORT" ADCD" 
NOT ABORT" ADCF" 

ABORT II BREAK" . #LOOP 

0 \ MICROCODE TESTING 
1 HEX 

BYTESWAP 

2 XBS 
3 1 2 3 4 5 
4 REPS #DO -1 #DO 
5 1234 BYTESWAP 3412 = NOT ABORT" BYTESWAP" 
6 #LOOP 
7 CR . 
8 DECIMAL 
9 XBS 

10 
11 
12 
13 
14 
15 

#62 

?TERMINAL ABORT" BREAK" #LOOP 
. . . . CR 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

\ MICROCODE TESTING 
HEX 

>R R@ R> 

XRRR 
1 2 3 4 5 

REPS #DO ~1 #DO 
1234 9876 >R 
R@ 
1234 

#LOOP 
10 CR • • 
11 DECIMAL 
12 XRRR 
13 
14 
15 

R> 

II II ?TERMINAL 
CR ; 

1234 = 
9876 = 
9876 = 
1234 = 
ABORT" 
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NOT ABORT" >R" 
NOT ABORT" R@" 
NOT ABORT" R>A" 
NOT ABORT" R>B" 
BREAK" #LOOP 



SCR #63 
0 \ MICROCODE TESTING 
1 DECIMAL 

U/MOD 

2 X-UM 
3 1 2 3 4 5 
4 REPS. #DO -1 #DO 
5 123 5678 19876 U/MOD 
6 18721 = 
7 14935 = 
8 #LOOP 
9 CR . . . . . 

10 
11 X-UM 
12 
13 
14 
15 

#64 

NOT ABORT" U/MODA" 
NOT ABORT" U/MODB" 

?TERMINAL ABORT" BREAK" 
CR ; 

SCR 
0 \ MICROCODE TESTING 
1 DECIMAL 

O= JMP=xxE 

2 X-0= 
3 
4 
5 
6 
7 
8 
9 

1 2 3 4 5 
REPS #DO 

0 

#LOOP 
CR 

123 

10 X-0= 
11 
12 
13 
14 
15 

SCR #65 

-1 #DO 
O= O= ABORT" O=A" 

ABORT" O=B" 
?TERMINAL ABORT" BREAK" 

O= 

CR ; 

0 \ MICROCODE TESTING 
1 DECIMAL 

<PICK> 

2 X-PICK 
3 12345 
4 
5 
6 
7 
8 

REPS 
4 

#LOOP 
CR • 

9 X-PICK 
10 
11 
12 
13 
14 
15 

#DO 
PICK 

II U 

-1 #DD 
2 = NOT ABORT" <PICK>" 

?TERMINAL ABORT" BREAK" 
CR ; 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

#66 
\ MICROCODE TESTING 
DECIMAL 

<ROLL> 

X-ROLL 
1 2 3 4 5 

REPS #DO -1 #DO 
1111 2222 2 <ROLL> 
1111 =NOT ABORT" <ROLL>A" 

. 2222 = NOT ABORT" <ROLL>B" 
#LOOP " II ?TERMINAL ABORT" BREAK" 
CR • • • • • CR ; 

11 X-ROLL 
12 
13 
14 
15 

#67 
\ MICROCODE TESTING 
DECIMAL 

X-QDUP 
1 2 3 4 5 

REPS #DO -1 #DO 

?DUP 

#LOOP 

SCR 
0 
1 
2 
3 
4 
5 1313 0 ?DUP ABORT" ?DUPA" 1313 = NOT ABORT" ?DUPB" 
6 
7 
8 

13131 
99 = 

'13131 

99 ?DUP 
NOT ABORT" ?DUPC" 99 = NOT ABORT;. ?DUPO" 
= NOT ABORT" ?DUPE" 

9 
10 
11 

#LOOP 
CR . 

II ?TERMINAL ABORT" BREAK" #LOOP 

12 X-QDUP 
13 
14 
15 

SCR #68 

CR ; 

0 \ MICROCODE TESTING S->D 
1 DECIMAL 
2 X-SD 
3 1 2 3 4 5 
4 REPS #DO -1 #00 
5 134 S->D ABORT" S->DA" 134 = NOT ABORT" S-.>DB" 
6 -134 S->D -1 = NOT ABORT" S->DC" -134 = NOT ABORT" S->DD" 
7 #LOOP II II ?TERMINAL ABORT" BREAK" . #LOOP 
8 CR CR ; 
9 

10 x-so 
11 
12 
13 
14 
15 
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. SCR #69 
O .\ MICROCODE 'fESTI'NG 

·· 1. DECIMAL 
·. 2 : X-A-BS 
.3 1, 2 3 4 5, ' 

ABS 

,4 
5 
6 
7 

REPS #DO . -1 #00 • 

8 
9 

10 
11 
12 
13 
14 
15 

134 Af:!S 134 = NOT ABORT" ASSA" 
-134 .· ABS f34 = NOT ABORi'' ABSB" . 

. #LOOP " ~" ?TERMINAL· ABORT" BREAK" 
CR • . • CR ; 

X-ABS. 

SCR #70 . 
. 0 \ MICROCODE iESTING · CMOVE 

.1. DECIMAL 

#LOOP . 

2 CREATE TEX TD' 10 ALLOT .. CREATE TEX TE 10 ALLOT 
3 X-CMOVE ..... :· ·-· -

' 4 J 2 3 4 5 ' ' . 
5 1111 TEXTE I ·. 2222 TEXTE 1+ ! 
6 REPS #DO. 3000 #DO . . 

7 0 TEX TD. ! 0 TEX TD 1.+ · ! .. 0 TEX TD 2+ ! 0 TEX TD 3 + ! · . 

8 TEXTE TEXTD 1~ Z CMOVE .. 
9 TEXTD ©. A.SORT" CMOVEA" ·· TEXTD 3 + @ ABORT" CMOVEB" 

1.0 TEXTD 1+ © 1111 = NOT ABORT;~ CMOVEC'' 

n TEXTD 2+ © .. 2222 = NOT ABDRT;'. CMOVED" 
12 #LOOP II' " '.?TERMINAL ABORT" BREAK" •' ttLOOP 
13 CR •. ·• • • • · CR ;· 
14 X-CMOVE 
15 

SCR #71 
0 \ MICROCODE TESTING . 2/ 
1 DECIMAL 
2 X""'.2/ 
3 1 2 3 4 5 
4 REPS #00. . "'-1 #DO . 
:;> 5·.·. ii 2 = NOT ABO~T" 2/A" 
6 .;._5 2/ -2~ Not ABORT" 2/eu 
7 -6 .2/ -3 = NOT ABORT'' 2/C" 
8 -1 2/ ABORT" 210" 
9 #LOOP 'II, II ?TERMINAL ABORT" BREAK" 

10 CR • · • • CR ; .··· 
11 
12· X-2/ 
13 
14 
15 
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SCR #72 
0 \ MICROCODE TESTING 
1 DECIMAL 
2 VARIABLE VARXA 

X-@! 
1 2 34 5 

REPS #DO 

@ 

3 
4 
5 
6 
7 
8 
9 

-1 VARXA 
0 VARXA 

#LOOP " II 

CR • . 

-1 #DO 
VARXA @ 
VARXA @ 

?TERMINAi-

-1 = NOT ABORT" !@A" 
ABORT Ii ! @B II 

ABORT" BREAK" #LOOP 

10 
11 X-@! 
12 
13 
14 
15 

#73 

CR ; 

SCR 
0 \ MICROCODE TESTING FILL 
1 DECIMAL 
2 CREATE TEXTF 10 ALLOT 
3 XFILL 
4 
5 

1 2 3 4 5 
REPS #DO 3000 #DO 

0 TEXTF -0 TEXTF 1+ ! 0 TEXTF 2+ 
TEXTF 1+ 2 12345 FILL 

0 TEXTF 3 + ! 6 
7 
8 
9 

10 

TEXTF @ ABORT" FILLA" TEXTF 3 + @ ABORT" FILLS" 
.TEXTF 1+ @ 12345 = NOT ABORT" FILLC" 
TEXTF 2+ @ 12345 = NOT ABORT" FILLO" _ 

11 #LOOP II ?TERMINAL ABORT" BREAK" #LOOP 
12 CR • . • . • CR ; 
13 XFILL 
14 
15 

SCR #74 
0 \ MICROCODE TESTING DROT 
1 DECIMAL 
2 XDROT 
3 1 2 3 4 5 
4 REPS #DO -1 #DO 
5 111lllli. 22222222. 33333333.. DROT 
6 11111111. -D= NOT ABORT" DROTA" 
7 33333333. D= NOT ABORT" DROTB" 
8 22222222. D= NOT ABORT" DROTC" 
9 #LOOP II II ?TERMINAL ABORT" BREAK,, #LOOP 

10 CR . • . . . CR ; 
11 
12 XDROT 
13 
14 
15 
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#75 
\ MICROCODE TESTING TDUP 
DECIMAL 

XTDUP 
1 2 3 4 5 

REPS #DO 1111 2222 3333 -1 
TDUP 
3333 = NOT ABORT" TDUPA" 
2222 = NOT ABORT" TDUPB" 
1111 = NOT ABORT" TDUPC" 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 #LOOP 3333 = NOT ABORT" TDUPD" 

2222 = NOT ABORT" TOUPE" 
1111 = NOT ABORT" TDUPF" 

10 
11 
12 
13 
14 

CR 
?TERMINAL ABORT" BREAK" 

CR ; 

15 XTDUP 

#76 SCR 
0 \ MICROCODE TESTING 
1 HEX 

DLSLN 

2 XDLSLN 
3 1 2 3 4 5 
4 
5 

REPS #DO 
1 0 

-1 #DO 
01F DLSLN 

#DO 

#LOOP 

6 
7 

80000000. 
#LOOP 

D= NOT ABORT" DLSLN" 
?TERMINAL ABORT" BREAK" #LOOP 

8 
9 

CR . . . . . CR ; 

10 DECIMAL 
11 XDLSLN 
12 
13 
14 
15 

SCR #77 
0 \ MICROCODE TESTING 

. 1 HEX 
DLSRN 

2 XDLSRN 
3 12345 
4 
5 
6 
7 
8 

REPS #DO 
8FFFOFOF. 

#LOOP " 
CR • . . • . 

9 DECIMAL 
10 XDLSRN 
11 
12 
13 
14 
15 

-1 #DO 
lF DLSRN L D= NOT ABORT" DLSRN" 

?TERMINAL ABORT" BREAK" #LOOP 
CR ; 
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~ 

[j SCR 
0 
1 

·2 

CJ 
3 
4 

. , 5 

i 6 

Q 7 
8 

i 
9 

I 10 

0 11 
12 
13 

o· 
14 
15 

0 
SCR 

0 
1 
2 

f '! 3 

LJ 4 
5 
6 

~l 7 u 8 
9 

0 
10 
11 
12 
13 

r-1 
14 
15 

LJ 

0 .SCR 
0 
1 
2 

r1 3 

u 4 
5 

D· 
6 
7 
8 
9 

[( 
10 
11 
12 
13 

0 
14 
15 

0 
0 

#78 
\ MICROCODE TESTING Q~ 

HEX 
XQ+ 

1 2 3 4 5 
-1 #DO REPS #DO 

99999999 . 
77786666. 
44444443. 

5555EEEE.· AAAAAAAA. 22227777. Q+ 

#LOOP II II 

CR • .- • • • 
DECIMAL 
XQ+ 

#79 

D= NOT 
D= NOT 
?TERMINAL 
CR ; 

ABORT" Q+A" 
ABORT" Q+B". 
ABORT" BREAK" 

\ MICROCODE TESTING 
HEX 

QLSL 

XQLSL 
.1 2 3 4 5 

REPS . #DO -1 #DO 
90080004. QLSL 80028001. 

20100009. 
00050002. 

#LOOP. " 

D= NOT ABORT" QLSLA~ 

D= NOT ABORT" QLSLB" 
?TERMINAL ABORT" BREAK" 

CR . . . • . CR ; 
DECIMAL 
XQ\_SL 

#80 
\ MICROCODE TESTlNG DNEGATE 

HEX 
XDNEGATE 

1 2 3 .4 5 
REPS #DO -1 #DO 

O. DNEGATE OR ABORT".DNEGATEA" 
-56789ABC. DNEGATE 567B9ABC. D= NOT 

1234ABCD. DNEGATE -1234ABCD. D= NOT 
#LOOP II ?TERMINAL ABORT,, BREAK II 
CR • • CR ; 

DECIMAL 
XDNEGATE 
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#LOOP 

#LOOP 

. . 
ABORT" DNEGATEB" 
ABORT" DNEGATEC" 

#LOOP. 
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SCR #81 
0 \ M1CROCODE TESTING 

.1 HEX ... ·· 
Z XOLSR 
3 1 2 5 4 5 

DLSR•. 

'~ REPS #DO -1 #DO · 

:·, 

5 . 842184.12~ 
6. #LOOP II II 

DLSR 4~10C209. 'D= 
'?TERMINAL ABORT" 
CR ; 

NOT ABORT" DLSR 11 

BREAK" #LOOP 
7· ··CR··:. · .• • · •.. 
.B 
9 

10 
11 

. 12 
13 
14 

. 15 

SCR 
0 

DECIMAL 
XDLSR 

#82. 
\ MICROCODE TESilNG 
HEX 1. 

2 : 
3 

XLSR 

LSR 

4 
5 
6 
7 

1 2'3 4 5 
·REPS #DO · 

8412 ·LSR 
#LOOP .. II II 

-1 #DO . , ··.· 

.CR • . • • • • 

4209 - NOT ABORT" LS.R" 
?TERMINAL ABO.RT" .BREAK'' 
CR ; .· 

8 
9 

10 
11 
12 
13 
14. 
15 

DEc;:IMAL 
XLSR 

SCR #83 
0 \. MICR.OCooe: TESTING ASR 

.1 HEX 
. 2 : XASR 

3 1 2 3 4 5. 
4 REPS #DO ~1 #DO 
5 8412 ASR .. c209· - NOT ABORT 11 ·ASRA 11 

6 4412 ASR :2209 :;:NOT ABORT" ASRB" 
. 7 #LODP II . u ?TERMINAL· ABORT" BREAK'; 

8 CR ~· • • • • CR ; . 
9 

10 DECIMAL 
11 XASR 
12 

. 13 
14 
15 
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SCR 
0 
1 
2 
3 

#84 
\ MICROCODE TESTING 
DECIMAL 

XO< 
1 2 3 4 5 

-1 #DO 

O< 

REPS #DO 
-10 O< O= ABORT" O<A" 

JMP=xxS 

4 
5 
6 
7 
8 
9 

#LOOP 
CR 

10 
II 

O< ABORT" O<B" 
?TERMINAL ABORT" BREAK" 

10 XO< 
11 
12 
13 
14 
15 

SCR #85 

CR ; 

0 \ MICROCODE TESTING LSLN 
1 HEX 
2 XLSLN 
3 12345 
4 REPS #DO -1 #DO 
5 1 OF LSLN 8000 = NOT ABORT" LSLN" 

#LOOP 

6 #LOOP II ?TERMINAL ABORT" BREAK" #LOOP 
7 CR . CR ; 
8 
9 DECIMAL 

10 XLSLN 
l 1 
12 
13 
14 
15 

SCR #86 
0 \ MICROCODE TESTING LSRN 
1 HEX 
2 XLSRN 
3 12345 
4 REPS #DO -1 #DO 
5 8FA2 OF LSRN 1 = NOT ABORT" LSRN" 
6 #LOOP II II ?TERMINAL ABORT" BREAK" 
7 CR . • • . • CR ; 
8 
9 DECIMAL 

10 XLSRN 
11 
12 
13 
14 
15 
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#87 
\ MICROCODE TESTING I I . 
HEX 

XI I J 
1 2 3 4 5. 

REPS #DO -1 #DO 
1111 2222 3333 >R 
R> = NOT ABORT" I II 
R> = NOT ABORT" I . II 

R> = NOT ABORT" J" 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 #LOOP II II ?TERMINAL 

10 
11 

CR . 
12 DECIMAL. 
13 XIIJ 
14 
15 

SCR #88 

. CR 

0 \ MiCROCODE TESTING 
1 HEX 
2 XLIT 
3 12345 

; 

LIT 

4 REPS #DO -1 #DO 

J 

>R >R J I . I 

ABORT" BREAK" #LOOP 

5 1111 1111 2222 2222 3333 3333 4444 4444 
6 = NOT ABORT" LITA" 
7 = NOT ABORT" LITE" 
8 = NOT ABORT" LITC" 
9 = NOT ABORT" LITD" 

10 #LOOP ?TERMINAL ABORT II BREAK II ' #LOOP 
(1 CR • . . . . CR ; 
12 
13 DECIMAL 
14 XLIT 
15 

SCR #89 
0 \ MICROCODE TESTING QLSL2 
1 HEX 
2 XQLSL2 
3 1 2 3 4 5 
4 REPS #DO -1 #DO 
5 I I I I QLSL >R >R 
6 J J J J J J J J Q+ >R >R 
7 D= NOT ABORT" OLSL2A" 
8 R> R> R> R> D= NOT ABORT" QLSL28" 
9 #LOOP II II ?TERMINAL ABORT" BREAK" #LOOP 

10 CR • • . . • CR ; 
11 DECIMAL 
12· XQLSL2 
13 
14 
15 
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SCR #90 
0 \ MICROCODE TESTING 
1 HEX 

<UDNORM> 

2 
3 
4 
5 
6 
7 
8 
9 

10 

XUDNORM 
1 2 3 4 5 

REPS #DO 
999 >R 10 

R> -OE = 
0 4000 
999 R> 

#LOOP " 
CR • • . , . 

11 DECIMAL 
12 XUDNORM 
13 
14 
15 

SCR #91 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #92 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

4000 #DO 
>R 1 0 <UDNORM> 

NOT ABORT" <UDNORMA>" 
D= NOT ABORT" <UDNORMB>" 

= NOT. . ABORT II < UDNORMC >II 
?TERMINAL ABORT" BREAK" #LOOP 
CR ; 
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SCR #93 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #94 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #95 ~, 

0 \ GENERAL EXERCISE TEST 
1 DECIMAL 
2 VARIABLE TESTVAR 10000 CONSTANT TEST2 20000 CONSTANT TEST3 
3 TESTABORT >R =NOT IF R@ •. " =FAILURE" THEN R> DROP 
4 TESTX 1234 TESTVAR ! 2345 TEST2 ! 3456 TEST3 
5 TESTVAR @ TEST2 @ + TEST3. +! TEST3 @ 1 + 2 + 3 + 4 OR 
6 7045 1 TESTABORT ; 
7 TESTA 12345 8765 LI* + 5640 2 TESTABORT 
8 TESTS 9865 -321 /MOD ~ 265 3 TESTABORT ; 
9 TESTQ 0 2000 ttDO 1+ #LOOP 2000 4 TESTABORT 

10 TESTC TESTA TESTS TESTQ TESTX 
11 TEST 60000 0 DO I U. TESTC 
12 ?TERMINAL ABORT" BREAK .. " 1 /LOOP ; 
1 3 FASTTEST 60000 0 DO I 1023 AND O= IF • II II THEN 
14 TESTC ?TERMINAL ABORT" BREAK .. " 1 /LOOP CR 
15 LONGTEST BEGIN FASTTEST AGAIN ; 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#96 
\ SPEED TEST FOR HIGH LEVEL MATH OPERATIONS 
DECIMAL 

MTA 1234567. 987654. D* DDROP 

MTS 9876543. 1234. DI DDROP 

MTC 1234567. -1234. D+ DDROP ; 

MTO MTA MTB MTC ; 

MT EST 1000 0 DO MTD LOOP 

#97 

#98 
\ ERATOSTHENES SEJVE -- IBM PC VERSION 
DECIMAL 
1024 CONSTANT QSIZE 
CREATE QFLAGS 1024 ALLOT 

DO~PRIME ( RESULT -> RESULT' 
QFLAGS QSIZE 01 FILL 
1 QSIZE 0 
DO I QFLAGS + C@ 

IF 3 I + I + DUP I + QSIZE < 
IF QSIZE QFLAGS + OVER I + QFLAGS + 
DO 0 I C! DUP /LOOP 

THEN DROP 1+ 
THEN LOOP OR 

100-TIMES 0 100 0 DO .DO-PRIME LOOP 
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SCR #99 
0 \ ERATOSTHENE~ SEIVE 
1 DECIMAL 

BOARD VERSION 1K CELLS 

2 1024 CONSTANT QSIZE 999 BUFFER CONSTANT OFLAGS 
3 
4 
5 
6 
7 
B 
9 

10 
11. 
12 
13 

DO~PRIME < RESULT -> RESULT' > 

QFLAGS QSIZE 01 FILL 
1 QSI ZE 0 
DO I QFLAGS + @ 

. IF 3 I + I + DUP I + QSIZE < 
IF QSIZE QFLAGS + OVER I + QFLAGS + 
DO 0 r ! DUP /LOOP 

THEN DROP 1+ 
THEN LOOP OR 

14 :· 100-TIMES 
15 

0 100 0 DO DO-PRIME LOOP 

#100 SCR 
0 \ ERATOSTHENES SEIVE -- IBM PC VERSION 
1 DECIMAL 

II PR.IMES" 

BK CELLS 

2 B191 CONSTANT QSIZE \ PRIMES FROM 3 THRU 163B1 
3 CREATE QFLAGS QSIZE ALLOT 10 ALLOT 
4 
5 
6 
7 
8 
9 

10 
11 
12 . 
13 
14. . 
15 

DO-PRIME r RESULT -> RESULT' > 

QFLAGS QSIZE 01 FILL 
0 QSIZE 0 
DO I QFLAGS + C@ 

IF I 2* 3 + DUP I + OSIZE < 
IF QS I ZE QFLAGS + . OVER I + QFLAGS + 
DO 0 I C~ DUP /LOOP 

THEN DROP 1+ 
THEN LOOP OR 

10-TIMES 0 10 ODO DO-PRIME LOOP. 

SCR #iOl 
0. \ ERATOSTHENES SE IVE -- BOARD VERSION 
1 DECIMAL 

II PRIMES" 

BK CELLS 

2 B191 CONSTANt QSIZE \ PRIMES FROM 3 THRU 163B1 
3 CREATE QFLAGS QSIZE ALLOT 10.ALLOT 
4. DO~PRIME { RESULT -> RESULT' ) 
5 QFLAGS OSIZE 01 FILL 
6 0 QSlZE 0 
7 DO I QFLAGS + @ 
B IF I 2* 3 + DUP I + QSIZE < 
9 IF QSIZE QFLAGS + OVER I + QFLAGS + 

10 DO 0 I.~ DUP /LOOP 
11 
12 
13 

THEN DROP 1+ 
THEN LOOP OR 

14 \ Approx 1.5 seconds for 10 iterations 
15 1o~TIMES 0 10 0 DO Do~PRIME LOOP 
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#102 SCR 
0 \ IMPROVED ERATOSTHENES SEIVE -- IBM PC VERSION BK CELLS 
1 DECIMAL \ Modified to simplify inner lo~p for better microcode 
2 B191 CONSTANT QSIZE \ PRIMES FROM 3 THRU 163Bl 
3 CREATE QFLAGS QSIZE ALLOT 
4 QFLAGS QSIZE + CONSTANT QLIMIT 
5 DO-PRIME < RESULT -> RESULT' > 

6 
7 
B 
9 

10 
11 
12 
13 

QFLAGS QSIZE 01 FILL 
0 QSI.ZE 0 
DO QFLAGS I + C@ 

IF 0 
QLIMIT 

2* 3 + 1 
QFLAGS I + 

DDUP /LOOP DO I C ~ 

DDROP DROP 1+ 
THEN 

LOOP OR 14 
15 10-TIMES 0 10 0 DO DO-PRIME LOOP II PRIMES" 

SCR #103 
0 \ IMPROVED ERATOSTHENES SEIVE -- BOARD VERSION BK CELLS 
1 DECIMAL \ Allows better microcoding of inner loop 
2 B191 CONSTANT QSIZE \ PRIMES FROM 3 THRU 163Bl 
3 CREATE QFLAGS QSIZE ALLOT 
4 QFLAGS QSIZE + CONSTANT QLIMIT 
5 DO-PRIME ( RESULT ~> RESULT' 
6 QFLAGS QSIZE 01 FILL 
7 0 QSIZE 0 
B DO QFLAGS I + 
9 IF 0 

QLIMIT 
DO I 
DDRDP DROP 

THEN 

@ 

2* 3 + 1 
QFLAGS I + 

DDUP /LOOP 
1+ 

10 
11 
12 
13 
14 
15 

LOOP 
10-TIMES 

OR 
0 10 0 DO DO-PRIME LOOP II PRIMES" 

SCR 
0 
1 
2 
3 
A 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 

#104 
\ MICROCODED ERATOSTHENES SEIVE -- BOARD VERSION 
DECIMAL \ Maximizes use of microcoded primitives 

B_K CELLS 

B191 CONSTANT QSIZE \ PRIMES FROM 3 THRU 163B1 
CREATE QFLAGS QSIZE ALLOT 
QFLAGS QSIZE + CONSTANT QLIMIT 

DO-PRIME C RESULT -> RESULT' > 
[ QFLAGS J LITERAL [ QSIZE J LITERAL 
0 [ QSIZE J LITERAL 0 
DO [ QFLAGS J LITERAL I+.@ 

IF O.I.2*.3.+.1 

1 FILL 

[ QLIMIT J LITERAL 
DO I-~-DDUP /LOOP 

[ QFLAGS J LITERAL 

DDROP.DROP.1+ 
THEN 

I+ 

LOOP 
10-TIMES 

OR 
0 

\ 
10 0 DO 

Approx 1.05 seconds per 10 iterations 
DO-PRIME LOOP 11 PRIMES" ; 
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SCR #105 
0 \ DISPLAY RESULTS OF THE SEIVE FOR .VERIFICATION 
1 DECIMAL 
2 .SEIVE-RESULTS ( -> ) 
3 CR # PRIME II CR 
4 1 2" CR \ Algorithm skips 2 for effeciency 
5 1 QFLAGS QSIZE + QFLAGS 
6 DO I @ 
7 IF 1+ DUP 5 .R 
8 I QFLAGS - 2* 3 + 7 .R CR THEN 
9 ?TERMINAL ABORT" .• BREAK .• " 

10 l /LOOP 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6. 
7 
8 
9 

10 
11 
12· 
13 
14 
15 

CR DROP ; . 

#106 

#107 
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#0 

#1 
INDEX MVP-MATH/16 MATH SUPPORT PHIL KOOPMA 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

MVP-FORTH VERSION. LAST UPDATE: 3/14/87 

SOURCE 
SCREENS 

10 ======== 
11 2 
12 4 - 35 
13 44 - 94 
14 96 - 97 
15 

SCR #2 

CC> COPYRIGHT 1986, 1987 

Phil Koopman, Jr & WISC Technologies, Inc. 

CONTENTS 
======== 
LOAD SCREEN FOR MATH SUPPORT 
DOUBLE PRECISION INTEGER SUPPORT 
FLOATING POINT SUPPORT 
TEST ROUTINES 

0 \ LOAD SCREEN FOR MVP-MATH/16 MATH SUPPORT 
1 DECIMAL 
2 CR CR ." Loading MVP-MATH/16 math support." CR 
3 ." <.C> Copyright 1986 by Phil Koopman Jr.;' CR 
4 4 97 THRU 
5 CR CR ." Load complete." CR CR 
6 "Please do a· SAVE-BOARD-FORTH" CR 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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SCR #3 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #4 
0 ( internal use only variables and hold~ng places ) 
1 DECIMAL 
2 VARIABLE T~MP~ADDR I temporary address storage > 

,~. 

3 VARIABLE TSUMH 12. ALLOT/16 < division temp storage - remainder ). y~· 

4 TSUMH 4 + CONSTANT TSUML I division temp storage - quotient > 

5 TSUML 4.+ CONSTANT TSUMQ I quad precision temp storage) 
6 VARIABLE TEMP~CARRY C temporary carry storage ) 
7 VARIABLE SIGDIG C number significant digits > 
8 7 SIGDIG ! 
9 VARIABLE TERM 2 ALLOT/16 ( temp storage for transcendental.s ) 

10 VARIABLE FTERM 1 ALLOT/16 ( temp storag~ for transcendentals ) 
11 VARIABLE <?MODE> C numeric input mode ) 
12 
13 
14 
15 

SCR #5 
0 I shift/rotate operations LSL ASR LSR > 
1 HEX C may be replaced with CODE definitions 
2 \. : 2/ 2 / 
3 
4 
5 
6 
7 
8 
9 

10 
1.1 
12 

\ 
\ 

\ 
\ 

LSL 
2* 

ASR 
FFFE 

LSR 
ASR 

13 DECIMAL 
14 
15 

nl ~> 

( nl 
AND 

( .nl 
7FFF 

i12 

-> ri2 
2/ 

-> n2 
AND 

. 210 



1 
' ' 

; ' 

0 
0 

"( u 

I i u 

#6 
( SGN 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

DECIMAL 

Ei 
9 

10 
11 
12 
13 
14 
15 

SCR #7 
0 

SGN 
DUP 

U> 
SWAP 

U> 

( 

IF 

U< 

RLC 

) 

n -> signum. of .. n ) 

O< IF -1 ELSE 1 THEN THEN 

Lll") 1 un2 -> flag 

ADC 
1 

< RRC 
HEX may be repl~ced .with 

2 \ 
3 \ 
4 \ 
5 

RRC < nl carry.in -> n2 
CODE definitions ) 
carry.out ) 

SWAP DUP LSR ROT 
IF 8000 OR THE~ SWAP 1 AND ; 

6 \ 
7 \ 
8 \ 

RLC ( nl carry.in -> n2 carry.out 
SWAP DUP LSL ROT 
IF 1 OR THEN SWAP O< ; 

9 
10 \ : ADC < n1 n2 carry.in -> n3. carry.out 
11 \ >R 0 ROT 0 D+ R> IF 1 0 D+ THEN ; 
12 
13 DECIMAL 
14 
15 

SCR #8 
0 < single 

DECIMAL 
ASRN 
DUP O> 

1 
2 
3 
4 
5 
6 \ : LSRN 

\ DUP O> 7 
8 \ 
9 

10 
11 
12 
13 
14 
15 

\ : LSLN 
\ DUP O> 
\ 

precision multiple rotates 

< nl cou~t -> n2 > 
IF 0 DO ASR LOOP 
ELSE DROP THEN ; 

< nl count ~> n2 > 
IF 0 DO LSR LOOP 
ELSE DROP THEN 

< n1 ~cunt ~> n2 ) 
IF"' 0 DO LSL LOOP 

ELSE DROP THEN 
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SCR #9 
0 < conversion~ S->Q D~>Q D~>s o~>s a~>D 

1 DECIMAL 
2 S->Q < n -> q 
3 s-·> D OUP DUP 
4 
5 D->Q < d -> q 
6 S->D DUP ; 
7 
8 
9 

10 
11 
12 
13 

D->S < ~ -> n 1 
DROP 

o->s · q -> · n 

DDROP DROP 

14 Q->D 
15· DDROP 

q -> d 

SCR #10 
0 < double 
1 DECIMAL 
2. DOVER 
3 4 PICK 
4 

stack ops DOVER DSWAP DROT > 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

· < may be replaced with CODE definitions > 

\ DSWAP 
\ 4 ROLL 

\ DROT 
\ 6 ROLL 

#ll 

C dl d2 -> dl d2 dl ) . MVP-FORTH UTILITY I 
4 PICK 

( dl d2 -> d2 dl ) MVP-FORTH UTILITY l 

4 ROLL ; 

( dl d2 d3 -> d2 d3 dl ) < MVP-FORTH UTILITY ) 
6 R.DLL 

< double 
DECIMAL 
\ D>R 
\ R> 

precision stack ops D@ D>R DR> DR@ 
with CODE defini.tions 

\ DR> 
\ R> 

DR@ 
I ' J 

< may be replaced 
( d -> ) 

SWAP >R SWAP )R >R 

( -> d ) 

R> R> ROT >R 

-> d 
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SCR #12 
O < double 
1 HEX 
2 DP I CK 
3 DUP 1 < 
4 2* DUP 
5 

precision stack ops DPICK DROLL 

< dl .• dn count -> dl .. dn dm ) 
ABORT" DPICK ARGUMENT < 1" 

1+ PICK SWAP PICK 

D? > 

6 
7 
8 
9 

DROLL ( dl •. dn count-> dl •. <omit dm> •. dn dm ) 
DUP 1 < ABORT" DROLL ARGUMENT < 1" 

10 
11 
12 

2* DUP 1+ ROLL SWAP ROLL 

D? 
D@ 

< addr -> > 
o. 

13 DECIMAL 
14 
15 

#13 
< D, DCONSTANT DVARIABLE > 

DECIMAL 
D, d -> > 

., 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

DCONSTANT d -> ) 
-> d ) 

compiling 
executing 

10 
11 
12 
13 
14 
15 

CREATE D, 
DOES> D@ 

DVARIABLE -> ) 
-> add!"" 

CREATE 2 ALLOT/16 ; 

SCR #14 
· 0 < D- D+ ! ) 
1 DECIMAL 

compiling 
executing 

2 D- C d1 d2 -> d3 C MVP-FORTH UTILITY ) 
3 DNEGATE D+ 
4 
5 \ D+! < d1 addr -> ) 
6 \ DUP >R D@ D+ R> D! 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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#15 
( double precision rotates/add DADC DRRC 

SCR 
0 
1 
2 
3 
4 
5 

HEX 
DADC 

SWAP 
ADC 

( d1 d2 tarry.in -> d3 carry.out ) 
>R ROT >R 

R> R> ROT ADC 
.. 

6 
7 
8 

DRRC 
RRC 

< dl car~y.in -> d2 carry.out 
SWAP >R RRC R> SWAP 

9 
10 
11 

DRLC < dl carry.in ~> d2 carry.out 
SWAP >R RLC R> SWAP RLC 

12 DECIMAL 
13 
14 
15 

SCR #16 
0 < double· precision shifts DASR DLSR OLSL 
1 HEX 
2 : DASR C d 1 -> d2 ) 
3 SWAP LSR OVER 1 AND 
4 IF 8000 OR THEN SWAP ASR 
5 
6 \ DLSR ( d 1 -> d2 
7 \ DASR 7FFF AND 
8 
9 OLSL 

10 DDUP D+ 
n 
12 DECIMAL 
13 
14 
15 

SCR #17 

Dl -> D2 

0 ( double precision multiple 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
i5 

DECIMAL 
DASRN 
DUP O>. 

\ : DLSRN 
\ DUP O> 
\ 

\ : DLSLN 
\ DUP O> 
\ 

( dl n 
IF 
ELSE 

( dl 
IF 
ELSE 

( dl 
IF 
ELSE 

--> d2 ) 

0 DO DASR 
DROP THEN 

n ..,.) d2 ) 

0 DO DLSR 
DROP THEN 

n -> d2 ) 

0 DO' DLSL 
DROP THEN 

shifts 

LOOP 

LOOP 

LOOP 
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# 18 SCR 
0 
1 
2 
3 
4 

( DOR DAND DXOR BYTE SWAP 
DECIMAL 
: DOR ( dl d2 -> d3 ) 

>R SWAP >R OR R> R> OR 

5 : DAND ( dl d2 -> d3 ) 
6 >R SWAP >R AND R> R> AND ; 
7 
8 : DXOR C d 1 d2 -> d3 > 

9 >R SWAP >R XOR R> R> XOR 
10 
11 \ 
12 \ 
13 
14 
15 

SCR #19 

BYTESWAP C nl -> n2 
DUP 8 DLSRN DROP 

0 \ double precision comparisons DO< DO> DO= D> D= 
1 DECIMAL 
2 DO< C dl -> flag 
3 SWAP DROP O< 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

DO> < dl -> flag 
DNEGATE DO< 

DO= dl ~> flag 
OR O= 

D> < dl d2 -> ~latj 

DSWAP D< ; 
< MVP-FORTH UTILITY l 

14 D= < dl d2 -> flag MVP-FORTH UTILITY 
15 < D- DO= ) >R SWAP >R = R> R> = AND 

SCR #20 
0 ( DMAX . DMIN DU< DUi 
1 HEX 
2 DMAX < dl d2 -> d3 ) < MVP-FORTH UTILITY 
3 DOVER DOVER D< IF DSWAP THEN DDROP 
4 
5 DMIN < dl d2 -> .d3 > < MVP-FORTH UTilITY ) 
6 DOVER DOVER D<· NOT IF DSWAP THEN DDROP 
7 
8 DU< < udl ud2 -> flag ) ( MVP-FORTH UTILITY ) 
9 D>R 8000 + DR> 8000 + D< 

10 
11 DU> ( udl ud2 -> flag ) 
12 DSWAP DU< 
13 
14 DECIMAL 
15 
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SCR #21 
0 < quad precision stack ops QDROP QDUP QOVER QSWAP QROT ) 
1 DECIMAL ( may be replaced with CODE defin.ition~ ) 
2 QDROP < q -> I 
3 DDROP DDROP 

QDUP < q 1 - > .q 1 q 1 ) 
DOVER DOVER 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

QOVER < q1 q2 -> qt q2 q1 > 
4 DPICK 4 DPICK 

QSWAP 
4. DROLL 

( ql q2 -> q2 q1 ) 
4 DROLL,. 

QROT 
6 DROLL 

ql q2 q3 -> q2 q3 ql ) 
6 DROLL 

SCR #22 
0 ( quad precision store and fetch Q~ Q@ 
1 DECIMAL ( may be replaced with CODE definitions 
2 Q ~ ( q addr -> ) 
3 DUP >R D! R> 2+ D! ; 
4 
5 Q@ < addr -> q ) 
6 DUP 2+ D@ ROT D@ 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #23 
0 ( quad return stack operations Q>R QR> QR@ 
1 DECIMAL ( may be replaced with CODE definitions 
2 Q>R < q -> > 
3 R> TEMP-ADDR D>R D>R TEMP-ADDR @ >R 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

QR> < -> q 
R> TEMP~ADDR 

QR@ < -> Q > 
R> TEMP-ADDR 
QDUP D>R D>R 

DR> DR> TEMP-ADDR @ >R 

DR> DR> 
TEMP-ADDR @ >R 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#24 
( quad logical ops QOR QAND QXOR ) 

DECIMAL 
QOR ql q2 -> q3 ) 

D>R DSWAP D)R DOR DR> DR> DOR. 

OAND ( ql. q2 -> q3 ) 

D>R DSWAP D>R DANO DR> DR> DANO ; 

QXOR ( ql. q2 -> q3 ) 

D>R DSWAP D>R DXOR DR> DR> DXOR ; 

#25 
C QADC 
DECIMAL C may be replaced with CODE definitions 

QADC ql q2 carry.in -> q3 carry.out ) 
TEMP-CARAY ! D>R DSWAP D>R TEMP-CARRY @ DADC 

DR> DR~ 5 ROLL DAOC 

#26 
C Q+ QNEGATE Q- OM+ 
DECIMAL 
\ : Q+ < ql q2 ~> qsum > 
\ 0 QADC DROP ; 

QNEGAT~ C ql -> -ql 
-1. -1. QXOR 1. O~ Q+ 

Q- ( q 1 q2 -> q3 ) 
QNEGATE Q+ 

DM+ ql d2 ~> q3 > 
D->Q Q+ 
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SCR #27 
0 ( Q+! Q+- QABS ) 

1 DECIMAL 
2 Q+! ( q addr- -,) 

3 DUP >R Q@ Q+ R> Q! 
4 
5 Q+- ( q1 n2 -> q3 ) 

6 O< IF QNEGATE THEN 
7 r1 

8 QABS ql -> q2 ) 

9 DUP Q+-
10 
11 
12 
13 
14 
15 

SCR #28 
0 ( QASR QLSR QLSL ) 

1 HEX 
2 QASR ( ql -> q2 ) 

3 DSWAP DLSR 4 PICK 1 AND 
4 IF 8000 OH THEN DSWAP DASR 
5 
6 QLSR ( ql -> q2 
7 QASR 7FFF AND ; 

,,_, 
8 , I 
9 \ QLSL ql -> q2 ) 

'l ) 

10 \ QDUP Q+ 
~ 

11 ' 

12 DECIMAL 
13 
14 
15 

SCR #29 
0 ( QASRN QLSRN QLSLN 
1 DECIMAL 
2 QASRN ( ql n2 -> q3 ) 

3 DUP O> IF 0 DO QASR LOOP 
4 ELSE DROP THEN 
5 
6 QLSRN ( ql n2 -> q3 ) 

7 DUP O> IF 0 DO QLSR LOOP 
~, 

8 ELSE DROP THEN 
9 

10 QLSLN ( ql n2 -> q3 ) 
11 DUP O> IF 0 DO QLSL LOOP 
12 ELSE DROP THEN 
13 
14 
15 
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SCR 
0 
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3 
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7 
8 
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10 
11 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#30 
( basic dbuble multiplication DU* ) 
DECIMAL ( may be replaced with CODE definitions 

DU* ( udl ud2 ...,.> uq3 ) 
( adds 4 partial products to get result ) 
OVER 5 PICK U* D>R SWAP 3 PICK U* D>R 
ROT OVER U* D>R U* 0 0 DSWAP 
0 DR> 0 Q+ 0 DR> 0 Q+ DR> 0 0 Q+ 

#31 
( double precision multiplication D* DM* > 

DECIMAL 
D* < d 1 d2 -> d3 I 
DU* DDROP 

DM* 
DUP 
DABS 

#32 

( d 1 d2 -> q3 ) 
4 PICK XOR >R 

DSWAP DABS DU* R> Q+-

< double precision unsigned division DU/MOD ) 
HEX ( may be replaced w~th CODE definitions 

DU/MOD < uql ud2 -> ud3 ud4 > 
D>R TSUMH Q! DR> DDUP DNEGATE TSUMH D+! 21 >R 
BEGIN TSUMH @ O< R> 1- DUP >R 
WHILE TSUMH Q@ QLSL TSUMH Q! 

IF DDUP 
ELSE DDUP DNEGATE 1 TSUMH 3 + +! THEN 
TSUMH D+! REPEAT 

R> DROP TSUMH 2+ D@ 3 PICK NOT DRLC DROP ROT 
IF DSWAP TSUMH D@ D+ 
ELSE DSWAP DDROP TSUMH D@ THEN DSWAP 

DECIMAL 
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SCR #33 
0 ( double precision mixed division OM/MOD OM/ D/MOD D*IMOD ) 
1 DECIMAL 
2 OM/MOD ( uql ud2 -> ud3 uq4 > 

3 D>R 0 0 DR@ DU/MOD DR> DSWAP D>R DU/MOD DR> 
4 

DM/ ( q1 d2 -> d3 d4 ) 

3 PICK >R D>R QABS R> R@ DABS DU/MOD 
5 
6 
7 
8 
9 

R> R@ XOR D+- DSWAP R> D+- DSWAP 

D/MOD ( d1 d2 -> d3 d4 
10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13. 
14 
15 

D>R D->Q DR> DM/ 

D*IMOD d1 d2 d3 
D>R DM* DR> DM/ 

#34 
( DI D*f DMOD ) 

DECIMAL 
DI ( dl d2 -> d3 
D/MOD DSWAP DDROP 

D*I ( d1 d2 d3 -> 
D*IMOD DSWAP DDROP 

DMOD ( d1 d2 -> d3 
D/MOD DDROP 

SCR #35 

-> 

d4 

0 < DINP# DMODE ?MODE ) 
1 DECIMAL 

d4 d5 ) 

· 2 DINP# < -> D > < "state-smart" ward ) 
3 BL WORD <NUMBER> 
4 [COMPILEJ DLITERAL IMMEDIATE 
5 
6 
7 
8 
9 

10 
11 

DMODE < -> > 
0 <?MODE> ! 
' <NUMBER> CFA 
' <INTERPRET> CFA 
R> DROP INTERPRET 

'NUMBER ! 
'INTERPRET 

IMMEDIATE 

12 ?MODE < ~> flag=O, 1,2 
13 <?MODE> @ 
14 DMODE 
15 
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SCR #36 
0 

·-' 1 
2 

I 
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4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

r~1 
14 
15 

SCR #37 
0 
1 
2 

i 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

i 
15 

\ __ _, 

I 
I SCR #38 
~ 0 

1 
2 
3 

\_" 4 
5 
6 

i 
7 I 

' 

8 
9 

10 
11 
12 
13 
14 
15 
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SCR #39 
0 
1 
2 
3 

I 4 
5 
6 
7 

,~, 

8 
9 

10 
11 

r.-i, 

12 
13 
14 

~-: 

15 

SCR #40 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

r1 
12 
13 
14 r--
15 

SCR #41 r~-1 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

' '. 

12 
13 
14 ,----, 

15 
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SCR #42 
0 
1 
2 
3 
4 
5 
6 
7. 
8 
9 

10 
11 
12 
13 
14 
15 

SCR #43 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#44 SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

\ .floating 
DECIMAL 

point return stack 
< may be replaced 

( fl -> ) F>R 

10 
11 
12 
13 
14 
15 

R> SWAP >R SWAP >R 

FR> < -> f 1 > 
R> R> R> ROT >R 

FR@ -> f 1 > 
I. J 

>R ; 

operations F>R FR> FR@ 
with CODE definitions > 
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SCR #45 

0 ( floating point aliases 
1 DECIMAL 
2 F@ D@ 
3 F !· D! 
4 FDROP DDROP 
5 FDUP DDUP 
6 FSWAP DSWAP 
7 FOVER DOVER 
8 FROT Df~OT 

9 FPICK DP I CK 
10 FROLL DROLL ; 
11 FC.ONSTANT DCONSTANT 
12 FVARIABLE DVARIABLE ; 
13 FLITERAL [COMPILE] DLITERAL IMMEDIATE 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

F, 

#46 
( FASS 
HEX 

FASS 
.7FFF 

FO= 
FASS 

TABS 
>R 

FO= 

( fl 
AND 

( fl 
Db= 

( tl 
FASS R> 

D, 

and temporary absolute values & 

-> f2 ) 

-> flag ) 

-> t2 ) 

11 TO= C t 1 - > t 1 f 1 ag > 

12 < Note: d6e~ NOT remove t1 from stack 1 ' 1 

13 >R DDUP FASS DO= R> SWAP 
14 
15 DECIMAL 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

#47 
< various T operations 
HEX 
: TDROP < t1 -> 

DROP DDROP . ; 

CHKO < ti -> t2 ) 
TO= IF TDROP 0 0 0 

TNEGATE < t1 -> t2 > 
>R 8000 XOR R> CHKO 

T+- ( t1 n2 -> t3 > 
O< IF TNEGATE THEN 

14 DECIMAL 
15 

( forces clean zero > 
THEN 
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0 
0 

0 
D 

0 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

#48 
( TSWAP 
DECIMAL 

TSWAP 
6 ROLL 

TOVER 
6 PICK 

TO VER TDUP T@ T! 
( may be replaced 

( tl t2 -> t2 tl.) 
6 ROLL 6.ROLL 

( tl t2 ->·t1 t2 tl 
6 PICK. 6 PICK 

8 \ TDUP C tl -> tl tl > 
9 \ 3 PICK 3 PICK 3 ~ICK· 

10 
11 T@ C addr -> tl 
12 DUP 1+ D@ ROT @. 
13 
14 T! < tl addr -> 
15 SWAP OVER ! 1+ D! 

SCR #49 

;.·· ... 

) 

with CODE definitions 

0 ( flbating point to te~por~ry conversion ) 
1 HEX ( may be replaced with CODE defi~itions 
2 F->T < fl -> t2 ) 
3 DDUP FO= 
4 IF DROP 0 0 
5 ELSE DUP 7F80 AND 7 LSAN 7F - >R DUP >R 
6 7F AND 80 OR 7 DLSLN R> R> 
7 SWAP T+- THEN 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

SCR #50 
0 ( 32-bit normalitation of mantissa.> 
1 HEX C may be repla~ed with CODE definitions > 
~ UDNORMALIZE C utl -> ~t2 > 
3 >.R. DUP O< 
4 IF C shift right > DLSR R> 1+ 
5 ELSE DDUP DO= 
6 IF C zero > R> DROP 0 
7 ELSE C shift left > 
8 <UDNORM> . C BEGIN DUP 4000 AND NOt · 
9 ( WHILE DLSL R> 1-.>R REPEAT 

10 R> THEN 
11 THEN 
12 
13 DECIMAL 
14 
15 
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SCR #51 
O ( t~mporary ~o fldating point conversion 
1 HEX < ma~ be replaced with CODE definitions l 
2 T->F < t1 -> ~2 J 
3 CHKO OVER < sign l >R 7F + < exponent I >R FABS 
4 DDUP DO= 
5 IF R> R> bDRO~ 
6 ELSE ( round > 40 0 D+ R> UDNORMALIZE >R 
7 7 DLSRN' 7F AND 
8 R> 7 LSLN 7F80 AND OR 
9 R> 8000 AND OR THEN ; 

10 
11 DECIMAL 
12 
13 
14 
15 

SCR #52 
0 < floating t'o temp conversions and quad normalize l 

1 HEX 
2 SEPARATE2 < fl f2 ~> tl t2 
3 F>R F->T FR> F->T 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

UQNORMALIZE C uql n2 -> uq3 n4 l 
>R DUP O< 
IF QLSR R> 1+ 
ELSE QDUP OR OR OR O= 

IF < iero R> DROP 0 
tLSE I ~hift left I 

BEGIN DUP 4000 AND NOT 
WH1LE QLSL R> 1- >R REPEAT 

14 DECIMAL EXIT 
15 

SCR #53 
0 < temporary floating paint addition ) 

R> THEN THEN ; 

1 DECIMAL ( may be replaced with CODE definitions J 

2 T+ ( t1 t2 -> t3 > 
3 TO= IF TDROP 
4 ELSE TSWAP TO= 
5 IF TDROP 
6 ELSE >R ROT R> SWAP DDUP > 
7 IF 'DROT DSWAP ELSE SWAP THEN 
8 OVER >R 5 PICK DUP >R 4 PICK XOR O< >R 
9 DROT FASS DROT FASS DROT 31 MIN DLSRN 

10 DOUR DO= IF R> DROP 0 >R THEN R> 
11 IF R> O< IF DSWAP THEN 
12· DNEGATE 0 DADC NOT >R DABS R> 
13 ELSE D+ R> O< THEN. 
14 R> SWAP >R UDNORMALIZE R> IF TNEGATE THEN 
15 THEN THEN CHKO 
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SCR #54 
O ( temporary floating paint multiplication ) 
1 HEX ( may be replaced with CODE definitions 
2 T* < tl t2 -> t3 ) 
3 >R ROT R> + OVER 5 PICK XOR D>R 
4 FASS DSWAP FASS DU* R> 2+ UQNORMALIZE 
5 TO= NOT IF 
6 >R C round ) 0 8000 0 0 Q+ R> UQNORMALIZE THEN 
7 >R DSWAP DDROP DR> T+- CHKO 
8 
9 DECIMAL 

10 
11 
12 
13 
14 
15 

#55 
( temporary floating paint division 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

HEX ( may be replaced with CODE definitions 
TI C t1 t2 -> t3 ) 
( check far divide by zero ) TO= 
IF TSWAP TDROP C result is ~era ) 
ELSE >R ROT R> - OVER 5 PICK XOR >R >R 

FASS DSWAP FABS 0 0 DSWAP QLSR DROT 
DU/MOD DSWAP DDROP 
R> 1- UDNORMALIZE R> T+- THEN 

10 DECIMAL 
11 
12 
13 
14 
15 

SCR #56 
0 < F+ F* F/ F2/ F2* 
1 DECIMAL 
2 F+ C f 1 f2 -> f3 
3 SEPARATE2 T+ T->F 
4 
5 F* C f 1 f2 -> f3 
6 SEPARATE2 T* T->F 
7 
8 FI C fl f2 ~> f3 
9 SEPARATE2 T/ T->F 

10 
11 
12 
13 

F2/ < fl -> f2 J 
F->T 1- T->F 

14 F2* C fl -> f2 > 
15 F->T 1+ T->F 
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SCR #57 
0 < FNEGATE F- F+' l 
1 HEX 
2 : FNEGATE < fl -> f2 ) 
3 DDUP DR IF 8000 XOR THEN 
4 DECIMAL 
5 T- < tl t2 -> t3 ) 
6 TNEGATE T+ 
7 
8 
9 

F- ( 

FNEGATE 

F+! ( 

DUP >R 

T+! ( 

fl f2 -> f3 ) 

F+ 

fl addr- -> 
F@ F+ R> 

t1 addr- -> 

F! 

10 
11 
12 
13 
14 
15 DUP >R T@ T+ R> T! 

SCR #58 
0 < conver-sions D->F ) 
1 HEX < may be r-ep1aced with CODE definitions ) 
2 D->T < dl -> t2 ) < floats the integer- value 
3 DUP >R DABS OlE UDNORMALIZE R> T+-. CHKO 
4 
:$ D->F < dl ~> f2 
6 D->T T->F 
7 
8 T->D < tl -> d2 > 

9 CHKO OlE - DUP ABS 01E > 
10 IF TDROP 0 0 
11 ELSE DUPO> 
12 IF DLSLN 
13 ELSE OVER >R >R 7FFF AND R> ABS DLSRN 
14 R> D+- THEN THEN ; 
15 DECIMAL 

SCR #59 
0 ( conver-sions F->D F->S S->F 
1 DECIMAL 
2 F->D ( fl -> d2 
3 F->T T->D 
4 
5 F->S ( H -> n2 ) 

6 F->D DROP 
7 
8 S->F ( nl -> f2 ) 

9 S->D D->F 
10 
11 
12 
13 
14 
15 
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SCR #60 
O < floatlng comparisons FO< FO> 
1.DEClMAL 

F= F< F> ) 

2 FO< DO< ~ 

3 
4 FO> DO> 
5 
b F= D= 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
p 
7· 

8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

io 
11 
12 
13 
14 
15 

•· F< ( fl f2 -> flag . 
F- FO< 

F> ( fl f2 -> flag ) 

FSWAP F< 

#61 
( FMIN FMAX F+- FSGN 
DECIMAL 

FMIN ( fl f2 ;_> f3. ) 

FOVER FOVER F> lF FSWAP THEN FDR OP ; 

FMAX ( fl f2 -> f3 ) 

FOVER FOVER F< IF FSWAP THEN FDROP 

F+- ( fl n2 -> f3 ) 

O< IF FNEGATE THEN 

FSGN ( fl ,.-) n2 
SWAP DROP SGN 

#62 
C integer & fractional portion INT FRAC REM ) 
HEX 

INT ( fl -> f2 > 
F->T DUP 01F < IF T->D D->T THEN T~>F 

~ TFRAC < tl -> t2 ) 
DUP QlF < IF TOUP T->D o~>T T-

. ELSE TDROP 0 0 0 THEN 

FRAC ( fl -> f2. 
F->t TFRAC T->F 

REM < fl f2 ~> f3 > 
FOVER FOVER F/ INT F* F-

DECIMAL 
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SCR 
0 
i 
2 

•. . 3 

#63 
(. floating 'point input . FCONVERT ). 
DECIMAL .. 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 ·.·· 

15 

FCONVERT , c fl addr2 ...-). f3 addr4 > 

>R F->T BASE @O D_:;)f .· TSWAP R> · · . 
BEGIN 1+ bUP >R • @ BASi @ piGIT 
WHILE >R ~OVER .T* R> 0 D->T. t+ 

i~' 1 DPL ~~. THEN R> 
REPEAT TSWAP TOR. OP. T-: > F R > • 

·' 

SCR. #64 
0 ( f)oating pt:J~nt inpi;.tt <FNUMBER) > .• 

. 1 HE)C 

DPL @ 1+ 

2 ·. <FNUMBER> · .. · C . addr.1 -> f2 .> .· 
3 0 0 ROT DUP 1+.@ 20 = DUP >R. ~BS + -1 DPL.~ 
4 FCONVERT PUP @ BL . > ' . 
5 .. IF DUP @ 2E = NOT ABORT'' NOT RECOGNIZED" 
6 0 DPL ! , .· FCQNYERT DUF)@ BL > .ABORT" NOT RECOGNIZED" . 

7 THEN ORbP R> 
8 · 1F FNEGATE THEN . F-'>T .. DPL @ 

9 
10 
1.1 
12 

aEGIN . DU~ O> . 
. WHILE .>R, BASE@ Q D->T Ti R>.1-

REPEAT DROP T->F ·; · 

13 OEClMAL 
14 
15 

SCR #65 
b <.floating point interpret 
i HEX 
2 <FINTERPRET> · C -> > 
3 .·BEGIN -FTND .. ·, 
4 ·rF' . bu'.P STATE @ · u<. 

. . 

. <FINTERPRJ;:T> 

5 . IF 1 LOOO AND IF @ THEN , 
6 ELSE DROP EXECUTE. THEN 
7 ELSE HERE.i+ .NUMBER. OPL@ 1+ 
B· IF ' [COMPILE] Fi...ITERAL ·. 
9 ELSE F->S . CCOMPlLEJ L,ITERAL 

10. TH§N 
11 iHE:N :?STACK ·. AGAIN· ; 
1:2 
13 

.· 14 

15 DECIMAL 
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SCR #66 
0 ( FMODE FINP# 
1 DECIMAL 
2 FMODE < -> 
3 2 <?MODE> ! 
4 ' <FNUMBER> CFA 
5 ' <FINTERPRET> tFA 
6 R> DROP INTERPRET 
7 

'NUMBER ! 
. INTERPRET 

IMMEDIATE 

8 FINP# -> f ) "state-smart" word 
9 BL WORD <FNUMBER> 

10 [COMPILE] FLITERAL 
11 
12 
13 
14 
15 

SCR #67 

IMMEDIATE 

0 ( floating 
1 DECIMAL 

point input TCONVERT ) 

< tl addr2 -> 2 TCONVERT 
3 >R BASE. @ 0 D->T 

1+ DUP >R @ BASE 
>R TOVER T* R> 0 
1 DPL +! THEN 

t3 addr4 
TSWAP R> 
@ DIGIT 4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

BEGIN 
WHILE 

IF 
REPEAT 

#68 

TSWAP TDROP 

D->T 
R> 

R> ; 

( floating point input <TNUMBER> 
HEX 

<TNUMBER> < addrl -> t2 > 

T+ DPL @ 1+ 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0 0 ROT 0 SWAP DUP 1+ @ 20 = DUP >R ABS + -1 DPL 
TCONVERT DUP @ BL > 

10 
11 
12 

IF DUP @ 2E = NOT ABORT'' NOT RECOGNIZED" 
0 DPL ! TCONVERT DUP @ BL > ABORT" NOT RECOGNIZED" 

THEN DROP R> 
IF TNEGATE THEN DPL @ 
BEGIN DUP p> 
WHILE >R BASE @ 0 D->T Tl R> 1-
REPEAT DROP 

13 DECIMAL 
14 
15 
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#69 
( TINP# > 

DECIMAL 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TINP# ( -> f ) ( "state-smart" word ) 
B~ WORD <TNUMBER> 
STATE @ IF 

>H [COMP I LE J DLI TERAL R > 0
[ COMP I LE J LITERAL 

10 
11 
12 
13 
14 
15 

THEN ; IMMEDIATE 

SCR #70 
0 \ TSLOG2"calculation 0.5 <= x <= 1.0_ taylor 
1 DECIMAL 

series ln/ln2 ) 

2 TSLOG2 ( tl -> t2 > 0.5 <= tl <=1 
3 TABS TO= NOT IF 
4 TDUP TINP# -1 T+ TSWAP TINP# l T+ Tl 
5 TDUP TDUP T* TERM T! 
6 TDU~ TINP# 2.885390082 
7 TDUP TINP# .9617966939 
8 TDUP T!NP# .5770780164 
9 TDUP TINP# .4121985831 

10 TDUP TINP# .3205988980 
1·1 TDUP TINP# .2623081893 
12 TDUP TI NP# . 2219530832 
13 TDUP TINP# .1923593388 
14 TINP# •1697288283 T* 
15_ 

SCR #71 

( 2/ l n2. ) T* FTERM T ! TERM T@ T* 
T* < 2/31n2 FTERM T+! TERM T@ T* 
T* 2/5ln2 FTERM T+! TERM T@ T* 
T*' 2/7ln2 FTERM T+ ! TERM T@ T* 
T* 2/9ln2 > FTERM T+! TERM T@ T* 
T* 2/11ln2 > FTERM T+.! TERM T@ T* 
T* < 2/13ln2 > FTERM T+! TERM T@ T* 
T* < 2/15ln2 ) FTERM T+! TERM T@ T* 

( 2/17ln2 ) FTERM T@ T+ THEN ; 

,r-i 
\ 

I } 

1 __ i 

0 < chebyshev 1TS2** cal.culation 0.0 <= x <= 1.0 i 1 

1 DECIMAL 
2 TS2*• < tl ~> t2 > < 0 <= tl <=1 
3 TABS TDUP TERM T! TINP# 1.0 FTERM T! ( x•*O > 

4 TDUP TINP# .69314718 T* < x**.1 ) FTERM T+ ! TERM T@ T* 
5 TDUP TINP# .24022636 .T* < x**2 > FTERM T+! TERM T@ T* 
6 TDUP TINP# .055505294 T* < x**3 ) FTERM T+! TERM T@ T* 
7 TDUP TINP# .0096135358 T* C x**4 ) FTERM T+! TERM T@ T* n 
8 TDUP TINP# .0013429811 T* < x**5 > FTERM T+ ! TERM. T@ T* j [ 

9 TDUP TINP# . 0001.4299401 T* < xU6 > FTERM T+ ! TERM T@ T* 
10 TINP# .000021651724 T* C xU7 ) FTERM T@ T+ 
11 
12. 
13 
14 
15 
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SCR #72 
0 C basic loga~ithm LOG2 

·1 DECIMAL 
2 TLOG2 C tl ~> t2 > 
3 TO= 4 PICK O< OR DUP 
4 IF C BAD OPERATION ) DROP TABS TO= THEN 
5 NOT IF >R -1 TSLOG2 
6 R> 1+ S->D D->T T+ THEN i 
7 
8 LOG2 C fl -> f2 > 
9. F->T TLOG2 T->F ; 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 

.s 
9 

10 
11 
12 
13 
14 
15 

#73 
C basic·exponentiation 2** ) 
HEX 

T2** < tl -> t2 > 
OVER >R C sign ) 
TABS TDUP T-'>D .DDUP F>R D->T T
TS2* * FR> DROP + R> O< 
IF 40000000. 0 C t=l.O > TSWAP ti 

2** ( fl -> f2 
F->T T2U T->F 

DECIMAL 

#74 
C LOGS 
DECIMAL 

FU 

THEN 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

• TLOGB 
TSWAP 

< tl tb~se ~> t3 > 
. TLOG2 TSWAP TLOG2 

< log to a base 
Tl 

10 
11 
12 
13 
14 
15 

LOGS < fl f2 -> f3 ) 
SEPARATE2 TLOGB T->F ; 

F** i ft f2 -> f3 ) 
FSWAP Sg:PARATE2 TLOG2 T* T2** T->F ; .· 
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SCR #75 
0 < LOG LN 10** E** 
1 HEX 
2 LOG < f 1 . - > f2 ) 
3 41200000. f=lO.O LOGS 
4 
5 LN < fl ~> f2· > 

6 402DF854 .. < f=2.7182818 LOGS 
7 
8 10** ( fl -> f2 ) 
9 41200000. < f=lO.O ) FSWAP F** 

10 
11 E** < fl -> f2 > 

12 402DF854. < f=2.7182818 FSWAP F** 
13 
14 DECIMAL 
15 

#76 
( ROOT 
DEC I.MAL 

ROOT 

**2 

( 

1/X EXP 

fl f2 -> f3 ) 

SCR 
0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

SEPARATE2 TSWAP TLOG2 

10 
11 
12 
13 
14 
15 

**2 
FDUP 

1/X 
FINP# 

EXP 
S->D> 

SCR #77 

f 1 -> f2 
F* 

fl -> f2 ) 

FSWAP F/ 

( fl n -> f2 ) 

D->F BASE @ 0 D->F 

TSWAP T/ T2U 

FSWAP FU 

0 < floating tb alpha cdnversion F->ME ) 
1 HEX 
2 F->ME < f 1 -> d2 n3 > 

3 F->T TO= ~OT 

T->F 

F* 

4 IF OVER >R TABS BASE @ 0 D->T TSWAP TOVER 
5 TLOGB TDUP TFRAC TSWAP T~>D DROP 3 PICK O< 
6 IF 1- >R 40000000. 0 < t=i.O > T+ R> THEN 
7 >R < lbg al mo.st 1?. > BASE @ 0 DDUP 
8 SIGDIG @ 1 DO FOVER D* LOOP 
9 -1 M+ F>R D~>T FR> D->T 

10 TSWAP TLOGB TFRAC TOVER T- DROP FO< 
11 IF TDRbP 0 0 0 R> 1+ >R THEN 
12 SIGDIG @ 1~ 0 D->T 
13 T+ TSWAP TLOG2 T* T2** 40000000. -1 0.5 ) 
14 T+ T->D R> R> SWAP .>R D+- R> TH.EN ; 
15 DECIMAL 
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SCR #78 
0 ( exponent print. F.ER F.E 
1 HEX 
2 F. ER < f 1 n 2 -> ) 
3 >R F->ME DUP >R ~BS S->D 
4 <# #S DDROP R> SIGN BL HOLD 
5 50 HOLD 58 HOLD 45 HOLD BL HOLD 
6 SIGDIG € 1 DO # LOOP 
7 2E HOLD # R> SIGN #> 
8 R> OVER - SPACES TYPE . 
9 

10 F.E C fl -> 
11 0 F.ER SPACE 
12 
13 DECIMAL 
14 
15 

SCR #79 
O C fixed point numeric printing 
1 HEX 

<F.> 

2 <F.> dl n2 
3 SIGDIG @ - 1+ 
4 >R DABS <# 
5 IF 0 DO # 
6 2E HOLD R@ 
7 IF R@ ABS 0 

-> addr3 n4 
NEGATE DUP 
R@ 0 MAX 

LOOP THEN 
O< 

DO 30 HOLD 
8 R> DROP #S R> SIGN #) 
9 

n5 ) 
0 MAX 
?DUP 

LOOP 
R> 

DUP >R DABS 

F. XR J=. x 

>R OVER >R 

THEN 

10 
11 
12 

F.XR C fl n2 -> ) 
>R F->ME <F.> DROP R> OVER - SPACES TYPE 

13 F.X C fl -> 
14 0 F.XR SPACE 
15 DECIMAL 

SCR #80 
0 C aligned fixed point print F.AR F.A ) 
1 HEX 
2 F.AR < fl n2 n3 -> > 
3 >R 0 MAX >R F->ME SIGDIG @ OVER - 1- R@ - DUP 0) 
4 IF SWAP >R S->F 10** F2/ F~>O D+ 
5 R> <F.> R> - -
6 ELSE DROP <F.> R> DDUP < 
7 IF SWAP - 3 PICK 3 PICK + OVER 30 FILL + 
8 ELSE DDROP THEN THEN 
9 R> OVER - SPACES TYPE 

10 
11 F.A < fl n2 -> > 
12 0 F.AR SPACE 
13 
14 DECIMAL 
15 
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SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

#81 
( ~mart floating point prints F.R F. 
HEX 

F.R C fl n2 -> ) 
>R FDUP F->T DUP 17 > SWAP -4 < 
IF DDROP R> F.ER 
ELSE DDROP F->ME <F.> DROP 
BEGIN DDUP + 1- @ 30 = 
WHILE 1- REPEAT 
R> OVER - SPACES TYPE THEN 

F. < FP# -> ) 
0 F.R SPACE ; 

F? F@ F. ; 

15 DECIMAL 

SCR #82 
0 C SQRT 
1 DECIMAL 
2 SQRT 
3 FASS 

FACTORIAL l 

( fl -> f2 ) 
F->T TDUP TERM T! 

F? 

OR 

4 C initial approximation is fl/2 ASR 1-
5 5 0 DO TERM T@ TOVER T/ T+ 1- LOOP 
6 T->F 
7 
8 FACTORIAL C fl ~> f2 > 

9 FINP# 1 FSWAP F->S ABS 
10 1+ 1 DO I S->F F* LOOP 
11 
12 
13 
14 
15 

SCR #83 
0 < PI PI/2 PI/4 2*PI RAD->DEG DEG->RAD l 
1 DECIMAL 
2 FINP# 3.14159265 FCONSTANT PI 
3 PI F2/ FCONSTANT Pif2 
4 Pl/2 F2/ FCONSTANT PI/4 
5 PI F2* FCONSTANT 2*PI 
6 
7 RAD->DEG C fl -> f2 > 
8 FINP# 57.29577951 F* ; 
9 

10 DEG->RAD C fl -> f2 
11 FINP# 0.0174532925 F* 
12 
13 
14 
15 
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SCR #84 
0 I chebyshev sine routine 
1 DECIMAL 
2 . TSIN I tl -> t2 > 

3 I input from -pi/4 TO pi/4 ) 
4 TDUP TDUP T* TERM T! 
5 TDUP TINP# . 9999999995 < ><U 1 > T* FTERM T ! 
6 TERM T@ T* TDUP TINP# -.1666666663 < ><**3 ) T* FTERM T+! 
7 TERM T@ T* TDUP TINP# .008333328785 ( ><**5 ) T* FTERM T+! 
8 TERM T@ T* TPUP TINP# -.0001983920268 < ><U7 > T* FTERM T+! 
9 TERM T@ T* TINP# .000002717349463 < ><**9 > T* FTERM T@ T+ ; 

10 
11 
12 
13 
14 
15 

SCR #85 
0 I chebyshev cosine routine 
1 DECIMAL 
2 TCOS < tl -> t2 > 

3 < input from -pi/4 to pi/4 ) 
4 TDUP T* TDUP TERM T! 
5 TDUP TINP# -.4999999943 C ><**2 > T* FTERM T! 
6 TERM T@ T* TDUP TINP# .0416666167 I x**4 ) T* FTERM T+! 
7 TERM T@ T* TDUP TINP# -0.001388661862 C x**6 > T* FTERM T+! 
8 TERM T@ T* TINP# .00002437988031 C x**8 > T* FTERM T@ T+ 
9 TINP# 1.0 T+ ; 

10 
11 
12 
13 
14 
15 

#86 SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 

( full range cosine and 
DECIMAL 

<CDS> ( FP# -> FP# ) 

FASS 2*PI REM FDUP 
IF FNEGATE 2*PI F+ 
FOUP PI /2 F> 
IF FNEGATE PI F+ -1 
FDUP PI/4 F> 
IF FNEGATE PI/2 F+ 

·9 ELSE F->T TCOS T->F 
10 R> F+-

fl -> f2 

sine 

PI F> 
THEN 

>R 

F->T 
THEN 

11 
12 
13 
14 
15 

<SIN> 
FNEGATE Pl/2 F+ <Cos> 

<COS> <SIN> 

ELSE 1 >R THEN 

TSIN T->F 
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5CR 
0 
1 
2 
3 

.4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

'L .. 

#87 ,. 
< derived t~~g function~ · <TAN> 
DECIMAL 

<TAN> ( ~1 ~> f2 ). 
FDUP <SIN> . FSWAP <COS) FI ; 

: 

<SEC> ( . f.1 -> f2 ) 

<COS> 1/X 

. <CSC> ( fl -> f2. l .. 
<SIN) 1/X ; : 

<CDT> · C fl ~> ~2 1 
FDUP <COS~ FSWAP <SJN> F/ 

SCR #88 

<SEC> <csc> · <COT> > 

0. < trig funC::t:ions COS· SIN TAN SEC CSC .COT 
1 DECIMAL : .. 
2 cos ( ft -> f2 
3 DEG->AAD <COS> 
4 .• SiN . ( f.1. -> f2 
5 DEG~> RAD . <SIN> ; · 
6 TAN ( .. fJ: -> f2 ) 

.. 7 DEG"">RAD : '<TAN> ; 
8 . 
. 9 SEC <fl ~> f2 > 

10 DEG->RAD ,<SEC> ; 
u... csc ( ft -') f2 ) . 
12 DEG->RAD (CSC> ; 
13 ·CDT . < ff -> f.2.. ). 
14 DEG->RAD <CDT> 
15 

SCR #89 
0 < ~hebyshev.arctan~ent routirie 
1 DECIMAL 
2 T.ATAN < , ti -> t2 > 

.3 < inp~t from ~1 ~o 1 
4 TDUP TDUP T* TERM T! 
5 TDUP TINP# ..• 999~999842 '( ><*U ) T* . FTERM T! . . .. ' 

6 TERM r@ T* rouP riNP# _;.3333306679 < K**3 > T* FTERM T+.!. ·• 
7 TERM. T@ T. : TDLJP TINP# • 1999248354 . ( ><us ) T* FTERM 1'.+! 

.8 . TERM T@ T* TDUP TINP# -~ 1420257041 t x**7· ) t• F"tERM T+!. 

i~ . ~~=~ ~= ~: ~g~~. ~~~~= -~~~*~*;;:~:6<<~:::1 ·~ ~* T~T~~~R~+++ ! . 

. 11 . TERM T@ T* TDUP TINP# .0425876076 ( k013 > T* FTERM T+ ! · · ~;- ~~=~ ~= i! i~~~* ~6~~=3;~~l;0f5~!~~7 < > ><*;!sF~E~~ ·+~E~=- :+ ! · 

14 
15 
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SCR #90 
0 ( basic inverse 
1 DECIMAL 

trig function 

2 <ATAN> < 

3 FDUP FAES 
fl -> f2 ) 
FINP# 1 F> 

<ATAN> <ATAN2> 

4 IF DUP >R FINP# 1 FSWAP F/ 
PI/2 R> F+- F+ 

TATAN T->F THEN 

F->T TATAN T->F 
5 FNEGATE 
6 ELSE F->T 
7 
8 
9 

<ATAN2> 
FOVER FO= 

fx fy -> f3 

10 
11 
12 
13 
14 
15 

IF >R DROP FDROP 
ELSE FOVER FO< 

IF FDUP FO< >R 
IF F- ELSE 

ELSE FSWAP F/ 

SCR #91 

PI/2 R> F+-

FSWAP F/ 
F+ THEN 
<ATAN> 

<ATAN> 

THEN THEN 

PI R> 

0 < de~ived inverse trig <ASIN> <ACOS> <ACOT> 
1 DECIMAL 
2 <ASIN> < fl -> f2 ) 
3 FDUP FAES FINP# 1 F= 
4 IF SWAP DROP PI/2 ROT F+-
5 ELSE FINP# 1 FOVER **2 F- SQRT F/ <ATAN> THEN 
6 
7 <ACOS> < fl -> f2 ) 
8 <ASIN> FNEGATE PI/2 F+ 
9 

10 <ACOT> < fl -> f2 ) 
11 <ATAN> FNEGATE PI/2 F+ 
12 
13 
14 
15 

SCR #92 
0 < derived inverse trig <ASEC> <ACSC> 
1 DECIMAL 
2 <ASEC> < fl -> f2 
3 FDUP **2 FINP# -1 F+ SQRT <ATAN> FSWAP FO< 
4 IF PI F- THEN 
5 
6 <ACSC> C FP# ~> FP# > 

7 FDUP FASS FINP# 1 F= 
8 IF SWAP DROP PI/2 ROT F+-
9 ELSE FDUP **2 FINP# -1 F+ 

10 SQRT l/X <ATAN> FSWAP FO< 
11 IF PI F- THEN THEN 
12 
13 
14 
15 
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SCR #93 
0 ( trig functions ACOS ASIN ATAN 
1 DECIMAL 
2 ACOS ( fl -> f2 
3 <ACOS> RAD->DEG 
4 ASIN ( fl -> f2 
5 <ASIN> RAD"'->DEG 
6 ATAN ( fl -> f2 
7 <ATAN> RAD->DEG 
8 ASEC ( fl -> f2 
9 <ACSC> RAD->DEG 

10 ACSC ( fl -> f2 
11 <ACSC> RAD->DEG 
12 ACOT ( fl -> -1;2 
13 <ACOT> RAD->DEG ; 
14 ATAN2 ( fx fy -> f3 
15 <ATAN2> RAD.,->DEG 

SCR *!:94 
0 ( <P->R> <R->P> P->R R->P 
1 DECIMAL 
2 <P->R> ( fr ad fang -> fx fy 
3 FOVER FOVER <SIN> F* F>R 
4 <COS> F* FR> 
5 
6 <R->P> ( fx fy -> fr ad fang ) 

7 FOVER FOVER <ATAN2> F>R 
8 **2 FSWAP **2 F+ 
9 

10 P->R ( 

11 DEG->RAD 
12 
13 R->P 
14 <R->P> 
15 

SCR *!:95 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

fr ad fang 
<P->R> 

fx fy -> 
RAD->DEG ; 

SQRT FR> 

~> fx fy 

fr ad fang ) 
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SCR #96 
0 Calculation speed and accuracy benchmark 
1 I Adapted from BYTE magazine I 
2 ( Volume 10, No. 5, MAY 1985, page 282 I 
3 FINP# 2.71828 FCONSTANT FA 
4 FINP# 3.14159 FCONSTANT FB 
5 
6 
7 
8 
9 

CALCULATIONS 
FINP~ 1.0 
5000 b DO 

-> 

FB 
FB 

F* 
F/ 

10 
11 

< CR II DONE" 

FA F* 
FA F/ 

CR > II 

LOOP 
ERROR=" FINP# 1.0 F- F. 

12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SCR 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

#97 
\ Tr-ig table 
DECIMAL 

test This is a good stress bf the board! 

TEST-TRIG 
CR 

-> 

#98 

" x SIN<X> COS<XI 
========== ========== 

361 0 DO 
I S->F FDUP 5 F.R 
FDUP SIN 7 12 F.AR 
FDUP COS 7 12 F.AR 

TAN 7 17 F.AR CR 
PAUSE ?TERMINAL IF LEAVE THEN 

LOOP ; 

241 

TAN<XI" CR 
·===========" CR 


