Robot Manipulator : Past, Present and Future

1. Introduction :

For many ycars robots have excited people's
imaginations - whether in books, in films or inside
falrgrounds or amusement arcades. But it is only quite
recently that robols have lelt the realms and fictions.
They are becoming useful to men and women n all
shorts of ways. How this changes have come about and,
how it will progress over the next few years, is the
subject of this article

Even now hundreds of thousands of robots are at
work around the world. Their activities range from
delicate construction work of handling huge loads, to
precision assembling in factories and nuclear power
stations to outer space. In the future robots many
become an even greater part of our everyday lives. With
the help of neural network (Acting as human brain)
robots may become as clever as peaple. The could take
over a wide variety of jobs-in offices, in lactories or in
the home. Robois could also work in particularly
unpleasant and unreachable places where complex,
vital work needs to be dene, such as mines or the
bottom of the ocean,

2. What is Robot :

The ward ‘rabot’ ariginated from the Czech word
robota, meaning work: In dictionary robot is defined as
“an automalic device that performs functions ordinar-
ily ascribed to human beings”. With this definition,
washing machines may be considered as robots. But
the more acceptable definition used by the Robat In-
slitute of America gives a more precise description of
robots: “A Robol is a reprogrammable multi-functional
manipulator designed ta move materials, parts, tools,
or specialized devices, through variable pro
motions for the performance of a variety of tasks.” With

arobot must posse: e, which
is normally due to computer programme associated
with its control and sensing system.

Over the years, robot makers have been especially
interested in designing robots which, in some way. laok
like men or women. It is this which has given robots
their superhuman reputation. People regard them with
a mixture of fascinalion and fear. For many years
engincers tricd ta find jobs for robots to do, But, outside
amusement halls or the world of films, this proved very
difficult. The reason was siraight forward. Engineers
lacked the skills, and the essential tools, tomake robots
reliable enough to do jobs in real file.

Two developments changed all this. First, engi-
neers set their sights lower and decided thal robot
should do no more than Imitate people. They need not
necessarily look like people at all. To engineers, rebots

- have simply Leceme electro-mechanical device that
imitate the actions of human arms, &nd are controlled
by computers. The second development is that engi-
neering skills, particularly in electronics and compul-
ers, have progressed at a great pace. The world has
become better at making machines that fit the new
definiifon of what a robol is. The result is that, almest
overnight, Tobots have lefi the Kindergarden stage.
They have started to go to work.
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3. Anatomy of Robot :

Dynamically the human body mainly contains two
sets of components, one is the brain and nervous
system and the second one is the imbs and the other
parts of the body that move. But the average robal at
work taday Is nothing like as complicated as a human
being. A robol in its general form s computer controlied
manipulator consisting of several rigid links connected
in serfes by revolve or prismatic joints. One end of the
chain is attached (o a supporting base, while the other
end is free and equipped with a tool manipulate objects
or perform assembly tasks. The metion of the joints
results in relative motion of the nks. Mechanically. a
robot is composed of an arm (or metal frame) and & wrist
subassembly plus a tool. It is designed to reach a
workpiece located within its work volume. The work
volume is sphere of influence of a robot (Figure-1)
whose arm can deliver the wrist subassembly unit to
any point within the sphere. The arm subassembly
generally can move with three degrees of freedom, The
combination of the movements positions the wrist unit
at the workpice. The wrist subassembly unit usually
consists of three rotary motions, The combination of
these motlons orients the tool according to the conligu-
ration of the object for ease in pickup. The last three
motions are often called pitch, yaw and roll. Hence, for
asix-joined robol. the arm subassembly is the position-
ing mechanism, while the wrist subassembiy is the
orlentation mechanism. These concepts gre illustrated
by the unimation Cincinnati Milacron T robat arm in
Rgure-2.

Work volume for different types of robot
manipulator.

Degrees of Frecdom

Figure 2 : Monement capability of @ Gincinnati
itacron 1 robot manipualtor
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4. Historical Development :

Early work leading to Inday's industrial robots can be
traced 10 the period immediately following world war II
During 1946 Oak Ridge and Argonnc Nalional Labora
tories developed a remately contrelled master-slave
manipulator for handling radioactive materlals, which was
then improved in 1950's by a more sophisticated
programmable device. Further development of this con-
cept by Devol and Jesoph led to the first industrial robot,
introduced by Unimation Ine. in 1959. The key to this
deviee was the wse of a computer that could be

grammed (o carmy out varicty of Lasks autematically, Farly
I960'5 Ernst [Emst. 1962) reported the development of a
camputer controlled manipulator with tactlle sensar, which
eould feel blocks and usc this information te control the
hand without operator’s assisiance. The work is one of the
st examples of a robot capable of adaptive behavior,
During the same period, Tomovice and Bono (1962) devel-
oped a manipulaier with pressure sensor. This pressure
sensor provides information about object size and weight
o the computer. In 1963, the American Machine and
Faundry [AMF} company introduced the VERSATRAN com-
mercial robot. Starting In this same year, various arm
designs for m.mlpulalura were dmzlupcd such as
Roehampton arm and Edinburgh a

In the late 1960's Mv:Ca:thy [1968] and his colleagues
at the Stanford Artificial Intelllgence laboratary reported a
development of a computer with hands, eyes and ears {i.e,
manipulators, TV cameras and micraphones). During this
perlod, Picper [1968) studies the kinematics problem of a
compuler controlled manipulator while Kahn and Roth
(1971} analyzed the dynamics and conirol of a restricted
arm using bang-bang control.

One of the mare unusuai developments in rabots
occarred in 1969, when an experimental walking truck
was developed by the General Electric Company for the
U.5. Army. In the same year, the Boston arm was devel-
oped, and in the following year Lhe Stanford arm was

the world today. Of these probably 90% werk In {aclories.
Average robot at work (aday is nothing like as complicaled
as hinnan being An industrial rbolis a general purpose
compuler controlled manipulator consisting of several
rigid links connected in series by revolute or prismatic
joints. One end of the chain is attached to a supporting
hase, while the other end Is free and squipped with a tocl
10 manipulate objects or perform assembly lasks. The
metion of the jolnis results in relative motion of (he links.
a robot is i of an arm
and awrist plus a tool. 1t i reach
awork volume. The work volume Is the sphece of (nfluence
of a robot whose arm can deliver the wrist subassembly
unil to any point within the sphere. The arm subassembly
generally can mave with (hree degree o froedom. The
comhination of the movements positions the wrist unit at
the warkpiece.

Most of the todays industrial robots, though conlrol-
led by minior microcomputers, are basically simple position
machines. Th: mcmltc a given task by playing hack
of motions
that have hcm prwmusly guided or taught by a user with
a hand held control teach box, Moreover, these robols

are equipped with little or no external sensors for
obtaining the information vital to its working environment.

repetitive tasks. More research effort is being dirccted
toward (mproving the overall performance of the
manipulator systers.
6. Robot Diversify

Robots are already starting to move out af factories
andintoa variety of other places. One jobwhich has ahvays
been dangerous for human workers Is the inspection and
maintenance of nuclear power stations, Robats are now
beginning to take over this work. These work involves
replacement of uranium rods. inspection of the reds for
faults once they are inside the core, emergency welds on
the Interior or the core’s wall. Taylor Hilec, and English

hich campu-
ter controiler, Some of (e most serious work in rabotics

cgan as these anms were used as robat manipulators. In
1974, Cincinnatt Milacron Introduced its first computer
contralled, Industrial robot, called the “The Tomorrow
Tool", . Itcould 1ft ever 100 Ib as well as track moving.
objects on and assembly line,

During 1970's a gread deal of research work focused
on the used of external sensors Lo facilitate manipulative
optrations. Al Stanford, Bollers and Paul (1873), using
both visual and force feedback, demonstrated a computer

& rohat which can take apart the highly
raioactive core of a power station when I 1s 1o longer
required. This stoodficult and dangerous ob for huran.

in the United S forrobols
which can shoat hlghpen‘armanne water in ciean up the
rocket molars of Lhe space shuttle. This would allow the
motor to be teused. Also in United States, a US Navy rabols
takeatdarmsged rieta ot e wings of aircraht The US
Navy hasalse at crawl
of large vessels., L]:a.nln[., Dastacies off them,
7. Rol

controlled Stanford arm to a PDP-10

for assembling aulomalive water pumps. AL about the
same time, Will and Groomsman (1975) at 1BM developed
a computer controlled manipulator with touch and force
sensors to perform mechanical assembly of a 20-part
typewiter. At the Draper Laboratory Nevins et al. (1674)
investigated sensing technigues based on compliance.
This work doveloped inta the instrumentation of a passive
comgpliance device called remote center compliance (RCC)
close parismating assembly. Bejeay {1974). al the Jet
Propulsion Laboralory, lmplemented a computer based
torgue contral technique on his extended Stanford am for
space exploration projects. Since then, various control
methods have been proposed for servoing mechanical
manipulators.

‘oday, robotics Is viewed as a much broader field of
work than we did just a few years ago, dealing with
research and development in a number of Inter
dizotplinary arcas, including kinematies, dynamies, plan-

ot :

Al the robois we have looked o far have been totally
dependent on operator or programmer. IT something hap-
pens during the job that the rebot has not programmed to
expect, it is powerless to react. The use of external sensing
mechanisms allows a robot to wteract with its environ-
mentina fexible manner, Although the latieris by far the
most predaminant from of operation of present industrial
robats, the use of sensing technology to endow machines
with a greater dagree of intelligence in dealing with thelr
envirenment s indeed an active topic of research and
development In the robotics field

unctinn of robot sensors may be divided Into two
principal categories: Internal state and external slate.
Internal state sensors deal with the deteclion of variables
such as arm joini, position, arm vibration, which are used
fer rabat control. External sensors on the other hand, deal
with the detection of varlablea such as range proximity and
touch._ Although proximity, loueh and faree sensing play a

ning systems, control, sensing, [

and machine intelligence.

5. Robots in Operatio
Thereare areund 400.000 robats existing throughout

Fole in the of robot performance
but vison {s re:ngmzed as the most pawerful af robot
sensory capabilities. Robot vision may be defincd as (he
process of extracting, characterizing, and interpreting
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Information from images of & three dimensional world,
This process, also commenly referred to as machine or
computer vision, may be subdivided into six prineipal

to perform include calibration, checkout, data retrieval,
resupply, maintenance, replacement of parts and other
repalr work, cargo and crew transfer, and recovery of

areas: (1) sensing, (B) prep g, (d
ion () ition, and if) interp )

Vision and touch sensitive robots demonstrate the
Important idea of fesdback’ control. ‘Feedback’ fs the
way inwhich robot may b changed
by outside events, Unfortunately for enginecrs, however.
equipping robots with this ability is not easy. It is very
difficull to code Information [rom the autside world in a
way that makes sense (o (he robat computer, and then
to make sure It processes the data quickly enough for
the robot to respond. At present, probably onty 5% of
the world's robol's have sense. They are known as 2nd
generation robets.

8. Intelligence Rabot :

None of the robots we have lnoked at so far matehes up
to humans in cne fmportants respecl-thinking. Enven
‘sccond generation’ robots, come a long way behind people
in thelr ability to make scnsc of this information and act
accordingly. They simply react as a reflex to what 15 taking

place around them. The ability to weight up the situation,

perhaps comparing it with pervious experience, is beyond
them. This brings up ta an important area of rcscamh
called artificial or Al Artificial
the compuler's ability uhmugh program) e do sume
assignment which Is done by human would Le said to
require intelligence. Wik Al lechniques, robots can be-
come far more powerful and versatile than they are today.
The new, Al assisted robot are the bread of third generation
rabots. In these Al robot's memory is divided Into to areas,
one stores programs znd data relevant ta the job in hand
and the other would store the great mass of ‘knowledge
base’. Linking up the knowledge base' with the main
processing unit is the key factor of this system. However,
to de cerlain activities (visual recognition) rehot requircs
vast amount of memory, and in some cases it become
To avercome the problem different
iypé‘ of idea called ‘neural network compuling s intro-
duced, Researchers are already working on this problem,
9. Space Industrialization :

Scientists played arcund with these ideas foryears but
then In 1980, researchers employed by the NASA n in the
Unlted States produced an engineering blueprint how this

system could operate. Dasic types of processes which
could benefited from this develapment includes eolidifica-
tion of eonvection orsedi rocess-
ing of molten samples without containers, diffusion in
liquids and vapors. and electrophoretic scparation of bio-
logical substances and cxploitation of valuable raw mate-
rials on other planets, Once the particulars of a promising
warked out, and
zation mounty, automated instrumentation for remote
control will see development. Investment in a single space
provess may well amaount to tens of millions of dollars,

Implementation of this idea will require a wider spec-
triam of rabolics Lhan nceded for ioday's applications
on
a hmad scale need large anthrsﬁ processing and manu-
facturing stations in Earth arbit 16 lunar bases, manned
space stations, and vast satellite power system. Systems
such aslarge space antennas, satellite power systerns, and
space stations will require large and complex construction
ra. itles in o 'I‘he struetural :Iemcnlswlllbellmldted

that cripiace components and foin Lher, Fleeﬂvmgmhols
can transport plcces between the

During and after construclion, a major space
system should have a rescue robot standing by. Others
might be held in readiness on the ground. Rescue robets
could deliver expendable life suppert systems and lend

first aid or mwgsulal: the astronaut in a life support
er Shuitle, orEarth.

Another phas: of space industrialization envisions a
lunar base. A largely automaled system might launch the
base-bullding profect. Afler sile: survey by robotic rovers.
an automated mini-factory could be placed an the Moon.
It would collect selar energy and usc it to extract volatiles,
oxygen. metais, and glass from lunar soil delivered by
rovers. Itwould ailomaticaily produce stockpiles in prepa-
ration for the main construction operations. The Base
would be built using automated equipment and robots, in
part drawing on stackpiles, and i part performing con-
struction operations similar to those used in Earth orbit,
After construction, gencral purposc robots would domain-
tenance and repair. Once established, the lunar base
would use many type of industrial aulomation in iis work.
In summary. a new level or robetics and atuomation
should catalyze some missions, but the technology will
mainly be develaped and applied to reduce operatianal
costs far all missions.

10 Social Implications :

Al the beginning of the 18th century about 80% of the
Britain's population worked on the land. By the middle of
the 19th century half the country’s wor population
had jobs in factories. From the beginning of the 20th
century this proportion has steadily fallen to about 35%
today. Other industrialized nations throughout the world
bave followed similar patierns.

‘The widespread use of automated machinery, comput-
£rs and robats will continue this trend. Fewer and fewer jobs
In manufacturing industries will be avallable to people
wantingwork. Many will find jobs in cther indusiries thatare
growing, such as the service industries—catering, local gov
emmeal, E)ankmgand transport, Rabots taking over jabs in

t Id wor rate that the
mdusmallzed wnrld alrcudy suffers from. Although new
Industries arc being created. they require few workers. Many
people are worrled that not enough jabs will be created lo
absorb the penple no longer necred in factories.

The development of robots will have another, perhaps
deeper, effect on society. Robots will make their presence
felt not just In factories but in many other areas, in the
home. in hospitals and other service jobs. People have had
little trouble in getting used (o new forms of electronic
gadgelry suchas washing machines, home computers and
wvideo recorders. But they may find the new forms of robols
more diflicull to accept easily. The intelligent robots dis-
cussed carlier many produce mixed feelings among people
who work with or control them. Some wrilers argue that
people will welcome machines they can get on with easily,
There would be no need 10 address the niew breed of robot
with special computer languages, Most probable peopls
would comumand (hem simply by taking to them, But, on
the other hand, men and women may feel uneasy when
confronted by machines that are as clever as, or cleverer
than, themselves.

Other things is sure that the robots that wander
around homes and factories during the next century will
not be metal clad, cumbersome monsters of past sclence
fictlon films. They will be specially designed to fit in with

fabrication site and the assemibly site and connect them.
Free Fiyer robots or robots attached (o the syalem can
service it Th aservicerobat

their ngs. The robols of the Muture will probably

be sleek and smooth, and look like ulraeflicient vacuum

cleaners. Robats will gradually become as familiar as the
that

lactories loday.N
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Infamous Internal Errors in Clipper Programmmg

The failure of an intemal assertion causes the base of an internal error. It is ﬂﬂmwmnmenmﬂy related and

does not branch to Clipper internal Error block whenever it occurs. In this paper, a set ufunm'pfu!nrd internal
errars are investigeted and their casual factors are carefully examin:

1. Introduction

Every developer gets a runtime error when they are
Involved with their new development, but in fact, none
of them can accept or tolerate any of these unwanted
errors after the product has been released. Although
most Clipper Errers branch te the current error block,
some intemal errors do not.

In a very recent paper by Key. S (Rel. 4.). an incom-
plete subset of Internal Clij Errors were docu-
mented. We hope, in this paper, to both augment Key's
work by further examining other less widely under-
stood internal errors, and re-examine those errors
listed by Key in his original paper. Error characteristics
will be analysed, with an emphasis on root causes.

2. What are Internal Errors

In Clipper, runtime errors are dependent totally on
the error handler and the subsystem that generates the
error. Errors generally occur either because of mistakes
in the program code (i.e.. type mismatch, divided by
zero} or because of some condition of the environment
fie., out of file handles, file sharing violations, memory
low). The error handler ith
tem by returning a value. This value indicates what the
subsystem should attempt to do to recover from the
error. The legal values are generally determined by the
values handler. These type of errors, in fact, can be
trapped in the error system so that the application
which has been affected does not necessarily terminate.
However, sometimes it is not possible to trap a runtime
recoverable error due toan invalid value returning from
the error handler to the subsystem [see Ref. 1).

On the other hand, whenever a program code is
executed in (he error system, ErrorSys{ function, be-
furr.lnvnklnglhcErmrﬂmdcﬂfunchnn anmrhandlar

the

that close the

for any

database files.
Interal errors 17, 18 and 19

These errors exist in both Clipper Summer ‘87 and
5.x releases. They occur when an index has become
corrupted at the time of attempting to update an index
page, The suggested solution is to delete and re-create
the index.
‘Unrecoverable error 22: Ntx file key type error

It is caused only if either a seek expression in an
index file (i.c., .ntx file) evaluates to a logical or the
system runs out of memory whenever evaluating the
key expression.
Unrecoverable error 24: write error

The Clipper internal function that does file writes
returns the number of bytes that were successfully
written. If the number s less than expected. this crror
occurs. The moast likely cause is lack of disk space. In
other words, it is caused If the Clipper application Is
unable to write a database Nle or index Ble to the disk.

To avaid the incident of this type of Internal error,
make sure that either sufficlent disk space and direc-
tory entries are available or the file is not marked read-
anly. Ina network environment. make sure the appiica-
tion has the necessary rights to wrile to the file,
Unrecoverable error 92: Sort/Index error

The system is unable to create a temporary file
during a 'sort’ or ‘index’ operation. It can happen enly
in ane of the following situations

- No disk space.

- Disk is write-protected,

- No more directory entrics.

- The lile already cxists and Is read-only.

rror
Is caused. This usually happens because such errors
can not branch to the error block so that the ErrorSys{)
is unable to execule the error block. These errors are,
in general, reported with the message
‘Unrecoverable error <error

Other errors occur when an internal assertion fails
These are simply reported with ‘fnternal Error. All of
such errors are more of less related o the environment
fi.e.. out of memory. error reading code to execute from
disk). An in-depth analysis of error handling strategics
can be found in Ref. 2.
3. Highlighting Internal Errors

An outline of the major infamous Internal Errors are
listed here, whereas the standard list can be found in
either Ref. 3 or Ref. 1. The characteristics together with
the causes of each error are examined.
Internal error 16

This error occursat the end of a large block dalabase
operation (i.e., APPEND, JOIN, UPDATE or TOTAL
mmmand) and ‘when one or Lhe dalai:ase fles used in

error 331 and 332: string/array
memery overflow

Clipper 5's Release Notes Norton Guide (sec Ref. 3)
contains some cryplic notes about the ented
Virtual Object Store (SVOS). Basically, it's what Clipper
uses tomanage all of its strings. arrays. and codeblocks.
‘These two errors occur when the SVOS tables have
overflowed, which Is eaused by the creation of large,
nested arrays.
Unrecoverable error 349: too many extend locks

‘This error caused when an extend system function
locks pointers to more than 16 parameters. Whenever
someone uses _parch) 1o relrieve a painter to a string in an
extend system function, Clipper has to lock it in memory,
A maximum of 16 parameters can be locked al a time.

To solve this, design the calling function so that
fewer than 16 paramelers need to be locked at a time,
and call the _xunlock() function to free them. _xuniocky),
which release all current locks, is deseribed in Clipper
5.01's documentation, but it was omitted from ihe
documentation in Clipper 5.2,
exror 415: cannot open overlay file

is tu check t‘ne uwdefnd fum:hon used \uime the

This error occurs when Clipper can not open its

em, The Jonik

Group Ltd.. 980 Yonge Street, Suite 200,
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al Syst
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overlay file. Usually, The file in question Is the execut-
able one, Lul it can also be an external overlay or a
prelinked library created with RTLink. The most com-
mon cause for this error {s a shortage of file handles.

Several errors occur due to a lack of file handles. The
solution to this is to increase the number of available
handles. There are three places where one could in-
crease the file handle count:

- The F parameter in the Clipper environment vari-
able.

- The CONFIG.SYS file.

- The network config file (provided the environment
is atiached with a network).

Unercoverable error 416: read error on overlay file
This error occers when the overlay manager fails to
read from the overlay file. Some possible causes:

- The fife is no longer available, For example, a user
can run a Clipper application from a Moppy drive
and then switch floppies.

- something has inadvertently closed the overlay file.
Calling on an incorrect handle can cause this.

‘Unrecoverable error 520: Attempt to get value for an
invalld field type

‘This error occurs when a database [i.e., .Dbl) fle
is found to be corrupted, The solution is to fix the
database.
U ble error 650: stack fault

These error is caused when out of stack space is
reached. The suggested solution is lo use /STACK
command to increase the stack space in the time of
linking with RTLink,
Internal error 666

This error occurs only when a € function has at-
tempted to free an invalid pointer. The best bet is o
nh:lck the application where the C function is being
called.

Unrecoverable error 667, 668 and 669: eval stack
fault

These errors are all relaled. Clipper uses two differ-
ent stacks: the CPU stack and the Eval stack. The CPU
stack holds local variables and parameters for C fune-
tions and can be controlled by using the /STACK
command when the link is performed. The Eval stack is
similar, but it is used to held Clipper's parameters and
local variables. To understand the causcs behind these
errors and their possible solutions, one needs to under-
stand how Clipper's memory is organized. Most pro-
gramming languages store local data fn an area of
memory called DGROUP, which is limited to 64K, In
Clipper, this area contains:

- Cslatic dala

- The CPU stack

= The Eval stack

- Clipper static data

Alfter {he C static data, one has the CPU stack, which
grows downward. Next is the Eval stack, which grows
upward. Finally, there is the Clipper static area that
starts at the end of DGROUP and grows downward.
These errors occur when one of the éxpandable areas
tries to grow into the space of one of the others.

Specifically, the errors occur under the following
circumstances:

Error Circumsiances

650  The CPU stack has overflowed.

667  The Eval stack has bumped into the Clipper
static area, ¢

668  The Eval stack has bumped into a locked

Virtual Memory [VM, in short) segment in
the space between the Eval stack and the
Clipper static area.

The Clipper static area has bumped into a
locked VM segment in the space between
itself and the Eval stack.

Generally, problems that cause one of these errors
could cause any of them, which 1s why we have listed
them together.

Stack fault errors have several possible causes:

- Unintended or {oo deep recursion. if a function is.
called recursively, one of the stacks may run out
of space. The most common cause for unintended
recursion is an error in an error handler.

- Too much C sialic data. If someone has his own
extend system code, Lhe static data goes to the C
static’s area by default. If the program uses too
much static data, one of the other areas may run
short of space. Third party libraries can also be
guilty of this, Later versions of C compilers allow
one to specify a data threshold that permils one to
move some of this data elsewhere,

- Too large a CPU stack. Clipper defaulls lo a 4k
€PU stack, which is sufficient in most cases.
However, some third-party libraries cause addi-
tional stack space to be allocated. In addition, the
user can control the size with the STACKS com-
mand to the linker or with the Blinker's BLINKER
FROCEDURE DEFTH command. To find oul how
much stack space the user has allocated, generate
a map file and examine the size of the sepment
STACK.Ifitis toolarge, explicitly imit it with alink
option.

Too many static variables. Each siatic variable
that is created requires 14 bytes in the Clipper
static area. If one has quite a few, il adds up,
Storing mulliple values in a static array can help
alleviate this problem because the 14-byte entry is
used for the entire array.

- Too many ITEMs. ITEMs created with the ITEM
AP1 in Clipper 5.2 also go In the Clipper static'’s
area, Every item created must be released, and
failing to do so may cause one of the Eval stack
faults as Lhe stalic’s area increases.

Too large a load size. Normally, the area between
the Eval stack and the Clipper stalic's area is
unoccupied, but in low memory conditions, VM
segmenls can get swapped there, If these seg-
ments are there and locked, errors 668 and 669
can oocur. Generally, reducing load size can help
alleviate the problem.

Unrecoverable error 670: memory initialization
error

“This error is occurred during the initialization or re-
initialization of the memary system. IL. in fact, indicates
an extremely low memory condition at startup, or that
an application using RUN command from within the
Clipper allocated DOS memory without freeing it

The suggested solution is to make more conven-
tignal memory available for the application if it is
caused at startup time, If it is happened immediately
following the RUN eommand, the application that was
run should be eliminated Lo solve the problem. This
error also occurs with an improperly linked or cor-
rupted application.

Internal Error 999

Internal error 989 occurs when Clipper tries to call

an internal function that was not linked in. This error

669
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can be caused by one of two actions. One is a had
incremental link. If deleting and re-creating the execut-
able corrects the error, this was probably the cause. The
other is calling a Clipper functien indirectly, usually
through a macro, and not referring to it explicitly. The
solution is to add an EXTERNAL declaration for it so
that the linker will includc it.

Intcrnal error 1210

This error occurs when a record is not found in an
index. Typically, it is caused when a file is updated and
the index is not open, In the original release of Clipper

.2, there was a bug (hat caused this error to appear
even Lhough the record was there.
Internal error 4424: Temporary file creation error

Error 4424 is caused by a failure when creating a
temporary file for indexing or sorting. 1t is generally
caused by eilher not cnough fie handles or invalid
TEMPPATH setting for Clipper environment or a lack of
file creation rights on a network for the direciary where
the temporary files are created. Notice that temporary
filesare created in the current direciory ifno TEMPPATH
is specifled.

The appropriate selution is to correct the environ-
menl. If there are not enough file handles, the solution
is similar 1o that of error 415, Il insufficient nefwork
rights s the problem, either give the user the necessary
rights or redirects the temporary file to a more appropri-
ate directory.

Unrecoverable error G311: Unable to create VM
swap file

This erroc is caused when the VM subsystem is
unable te create a VM swap file on the disk. It is
generally caused for several reasons, which includes

- The target disk or directory is full.

- Insufficient file handles are available,

An invalid path 1s specified in the SWAPPATH
of the Clipper variables ar on
the gommand line used to start the application.

- The user has not enough rights on a network
drive to create the swap file.

It. In fact, indicates that the Clipper application no
longer has sufficient VM available to proceed. Specifi-
cally, this error occurs whenever the VM system needs
i swap a VM segment out of conventional memory, and
it has used all expanded memory and disk space that
has been made available to it.

The suggested solution is that provide mare VM
available to the application. This can be don either by
providing more expanded memory available with the
aid ol increasing the value of the Esetting of the Clipper
environment variable, or by providing more disk spaces
avallable with the ald of increasing the SWAPK setting
of the Clipper environment variable.

The problem caused by this error can also be resolved
by reducing the si ornumber Tay
that are active at anyone time. Probably, the most
commen cause of this crror is the declaration of ex-
tremely large arrays. [for explanation, we refer to Ref.3).
Unrecoverable error 5300: not enough memory

This error happens when there is not enough con-
ventional memory and the VM system can not initialize.
The solution Is ta make more memory available.
Unrccoverable error 5302, 5304 5305, 5306:
conventional memory cxhausted

can not be swapped in. When an attempl to allocate
fixed memory with _xgrabfjor an internal funetion fails,
error 5304 occurs. The solution in all cases Is (o make
more memory available, either by decreasing load size,
inereasing available conventional memary, or decreas-
ing the amount of memory that is locked at any one
tine. Another solution is te move the application to
protected mode.

5312: VM A1

Error 5312 oceurs when Clipper's VM swap file
becomes [ull and has no more space to receive swapped
items. This occurs when the size of the swap file is
limiled by using the SWAPK seiting of the Clipper
environment variable.

Unsecoverable error 5313: out of space for VM
swap file

This oceurs when the VM swap file can not be
expanded. Typically. it means you are out of disk space.
It is similar (o crror 24 but it occurs specifically in the
VM system.

Internal error 5320 and 5321:

‘These errors aceur if there is a problem reading or
writing te EMS. Try using the BADCACHE setting in the
Clipper environment verbal. If that does not work, try to
eliminate Clipper's usage of EMS by setting the E
parameter of the Clipper environment variable to zero.
Internal Error 5333:

Colloquially named the internal error from hell, it
was renamed in Clipper 5.2 to VM Integrity Failure”. 1L
Is probably the single most misunderstood Clipper
internal error. It happens when the VM system is
instructed to swap in a VM segment bul the segment is
empty. The vast majority of the time. this error has
nothing to do with the VM system itself, but rather
indicates a bug in another system thal is either using
the VM system incorrectly or trashing memory. Unfor-
tunately, there is no easy way to Urack these errors
down. However, moving the application to the protecied
mode in many cases makes these errors go away and in
other cases, it identifics the problem with a general
protection fault
4. Conclusion

We conclude that the existing version of Clipper has
major drawbacks because of its nnexplained Internal
Errors. It has bren scen that s nol. a complete listing
but it includes the most common internal errors and
these {hat frequently occur in the development cycle,
We investigated the cause for each one of the errors
included in our sct. We believe this will definitely help
every Clipper developer while they are in their develop-
ment stage.

Finally, we strongly wish for a betier error handler to
be incorporated into the future Clipper 5.3 release by
refining and redueing its drawbacks.
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These errors are caused by a lack of
memory at various places in the VM system_ Specifi-
cally, 5302, 5305 and 5306 occur when a VM segment
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