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1) rzllarz.uni-Karlsruhe.de (129.13.98.254)
2) belw-gw-fddil.rz.uni-karlsruhe.de (129.13.99.254)}
3) karlsruhel.BelWue.DE (129.143.59.1)
4) Duesseldorf6. WiN-IP.DFN.DE {153.17.200.68)
5) ipgate2.win-ip.din.de (193.174.74.142)
§)} =achenl.dante.net (193.174.74.110)
7) Amsterdam]l.dantenet (194.41.0.73)
8) New-Yorkl.dante.nef {194.41.0.10) .
9) en-0.cnss36.New-York.t3.ans.net {198.83.186.5)
10) - mf-0.cnss32. New-York.t3.ans.net (140.222.32.222)
11) t3-0.cnss48. Hartford.t3.ans.net {140.222.48.1)
12) t3-2.cnss43.Cleaveland.t3.ans.net (140.222.43.3)
13) t3-1.cuss27.Chicago.t3.ans.net (140.222.27.3)
14) t3-1.cnss96.Denver.t3.ans.net (140.222.96.2)
15) t3-1.cnss8.San-Francisco.t3.ans.net  {140.222.8.2)
16) mf 0. cnssll. San-Francisco.t3.ans.ne  (140.222.8.195)
17} onss257-F ans.net (198.32.128.65)
18" enss456-H.ans.net (198.32.128.226)
19) pb-Fi.Mcl.net (198.32.128.197)
20) border2.hssil-o.SanFrancisco.mci.net {204.70.33.5)
21) core-fddi-1.SanFrancisco.mcinet  (204.70.3.161)
22) borderl-fddi0-0.SanFrancisco.mci.net (204.70.2.162)
23) barrnet.SanFrancisco.mcinet (207.70.32.6)
24} su-tk.wr.bbnplanet.net {192.31.48.1)
25) sunet-gateway.stanford.edu (198.31.10.1)
26) " ceras-gateway.Stanford EDU {36.1.0.25)
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PROCOMM [13] communication package may be used
for these purposes. A telatively useful handbook has
been written by Stilling [14] that may also be consulted
for exercises and applications.

Popular FORTH Institutions and
Publication in North America

Major FORTH institutes and publications in North
America can be summarized as follows.

» “The Institute for Applied Forth Regearch, Inc.” has
been one of the most active proponents of the com-
puter language FORTH. “The Journal of FORTH
Application and Research” is published by this in-
stitute. This institute also conducts conferences and
serninars and maintains archives. Amongst them is
the annual Rochester Forth conference. University of
Rochester has provided an informal, academic setting
for these conferences. Over six hundred papers on all
aspects of FORTH technology and its applications
have been presented there over the years.

o The forth Interest Group (FIG) 3 publishes a bi-
monthly journal titled “Forth Dimensions.” FOR-
MAL, a subgroup of FIG, was created in 1979 by
Kim Harris and Jon Spencer. FORMAL sponsors
the annual conferences FORMAL and has published
their proceedings since 1980.

e The ACM “SIGForth Newsletter” is the newsletter of
the Association for Computing Machinary’s special
interest group on FORTH which is published quar-
terly. As an informal publication, it is un-refereed.
The SIGForth Newsletter is a forum for the pro-
motion of meetings, news, and research related to
FORTH and its use in a wide variety of applications.

3p.0. Box $231, San Jose, CA 95155

Summary

FORTH as a computer language and interfacing tool
was briefly addressed. Some engineering applications
and projects that show the flexibility and broad range
of the FORTH language have been reviewed. The most
popular journals and associations in North America that
are associated with the FORTH were introduced. An i
terface course outline suitable for an academic semester
for engineering students was also presented.
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Appendix

FORTH code for Calculation of the Surface ofa
Rectangular Prism.

The following code is writfen fOI.iil'lé following problem.
“Given the lenght, height and width of a rectangular
prism, print out the surface area.”

The code is the same as presented in the body of the pa-
per except here the comments {in the parentliesis) are
added in the front of each command. The numbers ap-
pear before and after double dashes (- -) in each line
represent the stack parameters before and after execu-
tion of the specified code, respectively. For instance, as
indicated in the first line of comments, this code can be
sun when three values are in the stack {with n3 at the
top) and after the execution the program prints out the
result and the stack becomes empty.

. prism_surface {nl n2 n3—-=; calculate and print the surface of a rac%éigular )

( prism when the side lengths are nl, n2 and.n3d. )
2DUP (~-nl n2 n3 n2 u3; Duplicate the two top values on the stack. )
* (--ni n2 n3 n2#n3; Multiply the two top values on the stack. )
3 PICK (--n1 n2 n3 n2#n3 nt; pick the fourth value on the stack and )

( put it on the top of the stack. - 3
ROT (--n1 n2 [n2%n3] ni n3; Rotate the third value on the stack to- )

( _ the top of the stack. 3
* (--ni n2 [n2%n3] [ni¥n3]; Multiply the two top valuse on the stack.)
+ (--nl1 n2 [n2*n3}+[n1#n3]; Add the two top values on the stack. )
ROT (--n1 [n2*n3]+[ni¥n3) n2; Rotate the third item to the top. )
ROT (-- [n2#n3]+[n1*n3] n2 nl; Rotate the third item to the top. )
* (—-[n2%n31+[n1*n3] n2#ni; Multiply the two top values on the stack.)
+ (-- [n2*n3]+[n1*n3]+[n2#n1]; Add the two top values on the stack. )
2% {~—2%[[n2#n3] +[nl#n3]+[n2xn1]]; Multiply the top.value on the )

( _ ~ stack by two. )

{Surface area —— ; Print the result. 3}
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unique and easy way of microprocessors with laboratory
equipment and other peripheral components. N owadays
FORTH is available for many multi-purpose microcom-
puters.

FORTH has been successfully used in a large num-
ber of projects range from controlling a robot to a
flight language. Caffrey and his coworkers [7] have used
the FORTH as the flight language and polyFORTH as
the development system of a small Payload Accommeo-
dations Interface Module interfaces the Shuttle Solar
Backscatter Ultraviolet instrument to the Space Shut-
tle’s Avionic Systems. Another small project reported in
literature is: “Interfacing of an Atari ST with a Roland
plotter” [8]. Several smaller unpublished projects that
have been done by the students as their interface course
project at Mechanical Engineering Department of the
University of Saskatchewan have been reported in ref-
erences {9] and [10]. To give an idea a few projects are

listed below.

Interfacing an AT&T PC to a digital storage oscillo-
scope using the New Micros NMIX-0023 board as an
programmable interface, and allowing two Atari ST's
to talk to one another

Lightweight data acquisition system for bicycle cost-
down test '

A hydraulic circuit control system

Development of a smart multiplexer controller for re-
mote temperature sensors

Desiging a data acquisition system that used strain
for studying impact loading conditions in a cantilever
beam

¢ A iemperature control interface for a Tenny Jr. oven
used for tempering metal specimens, an environmen-
tal controller for a cold frame using infrared sensors
Control of a DC stepper motor

Automatic calibration_ of humidity transmitters
Control of angle of attack for a solid wing sailboat
Hoe-drill shaft monitor

Steering control for vehicle guidance

» The temperature control of two Glycol baths in sep-

arate environment chamberg

FORTH Base Interface Course

Having realized so many features of FORTH langunage
and its capability of interfacing, one may be interested in
learning or teaching this interesting computer language.
The intent of this section is to present an outline that
might be useful for both students and instructors for a
one semester u;iversity course.

During the past decade, different interface and applica-
tion oriented courses were conducted in different insti-
tutions using the FORTH language ([9]; [10] and [11]).
The text book by Kelly and Spies {12] may also be con-
sulted for preparing the Gutline.

The presented outline may not be suitable for all dis-
ciplines and audience with different backgrounds, how-
ever, it might be used for third or forth year Mechani-
cal/Electrical undergraduate students as well as gradu-
ate students. The outline proposed is shown in Table 1.

For interfacing tasks a communication package and ter-
minal emulator is required as well as a FORTH-based
microcontroller. The New Micros Inc. SPCL-21 board,
that has Max-FORTH coded in its ROM, along with the

counters, amplifiers
diodes

edge detection circuitry

sensors, Photoresistor
strain gauges
potentiometers
thermistors

5 weeks 2 weeks 5 weeks 5 weeks

Introduction to the Communication Computer Component  Interfacing

FORTII Programming  Protocol Operations

basic input/output serial port, binary logic parallel port
communication

conditional branching  parallel port flip-flops serial communication

hex/binary numbers memory (RAM/ROM)  analog to digital
conversions

stack concepts tramsistors pulse accumulator

integer arithmetic stepper/servo motor timing features

AND/OR Gates Polling and interrupt

operations

Prerequisites: Electronic 1, Design of Comp
Measuring Instruments.

onent, Logic Circuits and preferably

Table 1: Prdposed Outline.
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FORTH at a Glance
M. Hossein Abolbashari*

Abstract

“FORTH at a glance” aims to introduce some aspects
of computer language FORTH. As the paper is primar-
ily intended for engineers rather computer professionals,
the focus is mostly on the engineering. However, people
with other areas of expertise may also find some ap-
plications of FORTH in their area of interest. A brief
introduction of the FORTH language is given as well as
a sample code. Some applications of the FORTH, par-
ticularly in engineering design, is illustrated to show its
powerful attributes as an interfacing tool. In addition,
an outline for an engineering application of the FORTH
langunage and interface course is proposed.

Introduction
FORTH is a compact, friendly and interactive language

with fast execution. The FORTH system is a compiler-

as well as an interpreter. Over the years FORTH has
proved to be a flexible and effective tool for solving a
wide spectrum of the engineering problems. FORTH
is specifically designed for device-control and data ac-
quisition applications. Five major elements in FORTH
that provide a great flexibility and power are dictionary,
stack, interpreters, assembler, and virtual memory. De-
scribing these elements is beyond the scope of this paper
anid interested readers are referred to reference [1].

Charles Moore is the inventor of the FORTH who was
used it for graphics in 1973 [2]. He named it “FORTH”
that is a shortened word of FOURTH that refers to the
fourth-generation of the computer language. The first
modern FORTH was written for a Honeywell H316 at
the National Radio Astronomy Observatory [1}. Since
1973 many FORTH Systems have been developed. They
include: F-PC, SC/Forth, JForth, and polyFORTH, to
pame a few. A special version of FORTH, termed ANS
Standard, has been approved by the Forth Standard
Team. The copies of this standard is available from the

“Institute for Applied Forth Research”!.

Torth is a low-level language that allows complete access
to the machine enhancing its interfacing capability. On
the other hand, FORTH is a high-level language regard-
ing its capability as a programming language. Unlike
most other computer languages, FORTH has a unique
capability which allows the programmer easily to break
the program into small procedures. These small pro-
cedures are stand alone and can be-tested individu-
ally without compiling and linking the whole program.

* Department of Mechanical Engineering, Ferdowst Univer-
sity of Mashhad, P.O. Box 91775-1111, Mashhad, LR.Iran
170 Elmwood Ave, NY 14611 USA

FORTH has the capability of handling floating-point
and complex number arithmetic. Although FORTRAN
has been the primary compuier language for the com-
plicated arithmetic and number-crunching, FORTH has
been also found to be a strong competitor and even a
relatively good candidate to replace FORTRAN. Fur-
thermore, since FORTH is easy to program in debug
and maintain, it has some advantages over FORTRAN
[3]. Many scientists using computers for carrying out
the numerical calculations have found FORTH to be a
strong contender as the scientific programming language
of the future.

System reliability is increased, and af the same time,
the system cost reduced by converting to microprocessor
control with FORTH as the programming language [4].
Moreover, runtime speeds more than ten times faster
than interpreted BASIC can be achieved in FORTH [5].
Hardware components may be replaced with FORTH
software. Clearly, when dedicated applications are in-
voleved, the FORTH seems to have an intrinsic advan-
tages over other progrmming languages {4].

To give an idea of how the FORTH programming lan-
guage looks like, a sample short Max-FORTH? code for
calculating the surface of a rectangular prism when the
sides lengths are ny, 7, and ng and they are on the stack
parameter is presented below.

: Prism_surface 2DUP # 3 PICK ROT # + ROT ROT * + 2% . ;

An example of execution of the program for ny = 2,12 =
3 and nz = 4 is as follows:

ok 2 3 4 Prism_surface CR.
52

A commented version of the ¢ode is provided in the ap-
pendix where all stack operations are illustrated.. As can

_be seen in the comments, the stack is controlled by the

programmer which is one of the interesting features of
the FORTH language.

Two relatively good books for learning the FORTH lan-
guage are: “Starting FORTH” [6] and “The complete
FORTH" [5]

FORTH a Tool for Interfacing

An interface between the microcomputer and its pe-
ripheral equipment is required in any microcomputer-
controlled system. This interface might be either for
data acquisition or control purposes. FORTH offers a

*Max-FORTH Reference Manual (1988), New Micros Inc.-
1601 Chalk Hill Road, Dallas, Texas, USA 75212, o
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