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A _review of the IBM 1620 Data Processing System,

It is a good custom that scientific books and articles are reviewed and
that no publisher ever thinks asbout starting @ lawsuit or any other measures of

vengeance against the author of a very unfavourable review of one of his publications,

with this in mind it is somewhat curicus that it is not customary to review
digital computers., Reviews of these acientific instruments ars in some respscts
much more important: it is a pity if you have bought the wrong book, but it is

much, much worse if you have bought the wrong computer.

The idea that computer reviews ought to bs written mnd published im with me
for some time already. The final impuls to write such a review |:1l5 been the
discovery of two "Letters to the £ditor" of the Communications of the A.C.M.,
both expressing praise and appreciation for the same computer, viz. the IBM 1620.
They are the letter from Fred Gruenberger, C.A.C.M.,Vol 5, April 1962, pg 221
("Besides being extremely ingenicus....") and the lettar from Daniel Herrick and
Neal Butler, C.A.C.M., Vol 5, Septembsr 1962, pg 469 ("We wish to join Fred
Gruenberger of the RAND Corporation in praising the variable word length IBM
1620..... "), It is my considersd opinion, however, that this machine embodies
some very fundamental mistakes and certainly after the publication of the two
letters mentioned above 1 regard it ae my duty not to remain silent any longer.
Manufacturers should be warned for these wistakes in order not to be tempted to
incarporate them in their future deaigns, also machine users should be warned
for these mistakes in order to help them in not chosing the wrong mechins and
in order to create a climate wheare machines will be judged more by their fundamental

propertien.

After the two praising letters I can be short sbout its wvirtues: I should
like to add that ae asoon as the troubles of installation are over, it is an

extremely reliable machine.

Before going on I should like to explain why ! may have objections ta
"superfluous features", Suppose that a.machine contains & certain feature and
that [ can show, for instance, that it is impossible to use it intelligently or
that its use gives rise to undesirable programming conventions; suppose furthermore
that the defender of the design agrees to my objections but defends the featurs
by pointing aut that, if I do not like the feature, I do not need to usa it,

implying that no harm can be done by something "extra". In that stage of the
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discussion [ shall stress that the design unuld have been better without the
feature under discussion, [f it is impossible to use it intelligently every
effort to do so is spoilt end the programmer would have bsen better of without
it. If its use gives rise to undesirable programming conventians, aleo in that

case the programmer had better ignore the feature completely.

The IBM 1620 contains a beautiful example of asuch a harmful "supsrfluous
feature". Hesides a gmneral mechanism for calling subroutinms, it has a special
instruction ("Branch and Transmit") to call in subroutines, an instruction by
which control is transferred to the subroutine after the return address has been
saved: for the benefit of the end of such a subroutine the order code contains
a complmentary instruction ("Branch Back") which takes care of the return jump.

So far, so good, but the blunder is thst the return address is savad in a special
raturn addresa register, the contents of which are asccessible only via the
instruction "Hranch Back" and in no other way! Befors [ got acquainted with the
IBM 1620 I thought that in the mesn time ewverybody knew that the most ssesential
property of a general purpose information processing machine is that it allows
you in principle to process any piece of information in whatever way yeu like,

I was most astonished (and appaled) when I discovered that the design of the 16M
1620 Data Processing System has not remained faithful to this fundamental require-
ment: it is just impossible to write a program only inspacting the value of tha
return address register. As a result, ths incorporation of this fasature in a progrem
containing many nested subroutine calls requires that the programmer decides, once
and for all, on which level the feature will be usmd. The special feature has two
so-called advantages: the calling sequence requiresm less memory spaces and the
execution time of the call is reduced. Alas, the subroutine which is called in
mogt frequently is, in ganeral, not identical with the subroutine which is callad
in from the maximum number of different places in the program and the poor pro-
grammer who triss to decide intelligently on which level he shall make use of the
special feature "Branch and Transmit" is faced with a fairly undecidable pesablem,
Neediess to say that, once the use of the feature has been incorporated in the
program, program modifications become unneceasarily tricky or even impossible

without rewriting major parts of the program.

There are more reasons why the machine is not worthy of the qualification
"general purpose machine", in particular as far as its facilities for paper tape
input and output are concerned. The tape resader has been squipped with & number

of special properties which make it completely useleas as soon as one wanis to
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process an arbitrarily punched tape, viz. special properties such as:

1) a built in parity check

2) autometic skipping of a specific punching {in I8M terminology identified by
"TAPE FEED")

3) continuing to read until a spacific punching is encountered {in IBM terminology
identified by “ENO OF LINE"™),

The tape punch has similar pecularities, As a result{ the machine cannot be used

to process tapes made by some automatic meaeuring apparatus or to produce tapes

for some tape controled machinery, unless the tape conventions of theses pieces of

equipment do not violate the restrictions set by the IBM 1620.

Tape reading has another curicus property. One cen start tape reading and
successive characters from the tape are stored on consecutive (pairs of) digit
locations in the memory, starting at a known location. The reading process stops
as soon as the character "END OF LINE" is wet on the tape. This terminal character,
however, is not stored in the memory, another character, namad "Record Mark" is
stored instead. After completion of the teape read operation the number of characters
read {or the address of thas location of the terminal charnctar) is loat and if
the machine wanta to detect how wany charscters have bsen read from the tape, it
must scan the memory. But now a8 curious problem arises: the terminal Record KM
Mark which has been stored is indistinguishable from previous Record Marks which
might have been read from the tape, and therefore the machine is faced with a
problem that shows a striking resemblance to tha protoyps of an improper algorithm:
a man asking the way and getting the answer "You go straight on and turn to the
right just before the last stesl bridge.". As a result one comes to the shocking
conclusion that it is imposaibls to use the [8M 1620 Data Processing Systsm for
one of the most trivial jobs: the reproduction of a punched paper tape, igpossible
even when it is known that the characters on the tape all belong to the restricted
set of the 18M 1620.

On the remark in the Heferance Manual "The 18M 1620 is a variable field
length computer in the complete sense aof the texm.” [ should like to give two
comments. [ agree that variable field length (plus a non-negligible additional
burden an tha pmgrmr) in principle admits a more economic storage utilization.
But the design of the IBM 1620 has turned out in such a way that it is very doubt-
ful whether this gain can be attainsd. The atore is divided into locations of five
bits, each location requiring six magnetic cores, because every location has its

own parity bit. To store numerical data one neads one location, i.e. 6 cores, for
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every decimal digit, which compares rather unfavourably with the 3.4 cores nsaded
in the case of binary words. It seems to me very doubtful whether cunning exploit-
ation of the variable length feature will be able to compensate this initial loss,
in particular because the gain must come from the way in which the data are stored:
the program is stored in fixed length two address instructions each requiring the
considerable amount of 72 cores! The full waste of core storage is certainly
attained in the processing of FORTRAN programs, where fixed and flaoting point
variables have their fixed length of 4 and 10 locations respectively. My second
remark on the variable field length pertains to the way chosen to specify the
field length, a way which [ regard the more objectionable, the wore i think about
it, One of the bits of each location has the special function of "a& flag bit"; a
variable field length operation starts by an addressed location and processes
consecutive locations from there onwarde until a location has been processed with
its flag bit = 1 . An alternative sglution (@s e.g. in the Philco 1000) wauld

heve been to state separately and in advance, somewhere else, the length of the
field in question, First of all, the method of the flag bit tends to be rather
uneconomic as far as number of cores is concerned, bacause

1) the field length is effectively given in a "unary numbar system"

2) the field length is stored all over again with every field, which is § apparently
a wagle as socos as a great number of fields of known equal length are io be stored.
The next objection to the flag bit, which is of a more fundamental nature, alsc
applies to the special function of the Record Mark, s character which -one lavel
higher- may be used to end the operation "Transmit Record". Information stored

in the memory of & machine shows a certain hierarchical structure: on the one

hand we have —on a vertain level- "the information proper", on the other hand we
have "the addressing information" specifying place and/ar extent of the informa-
tivn praper. The flagbits and the Record Marks play with respsct to the fislds

and records the role of "addressing information" In the IBM 1620 {as in some other
machines) the correspondence between the information propar and some of the MNMXK
addressing informstion is established by a fixed convention in terms of relative |
position. This would be all right if the information propar were only regarded
"from one single point of vimw", but a basic property of a general information
processing process is that information can and will be regarded from wany different
points of view., If addressing information has to be stored in & position uniquely
fixed relative to the information proper, such a change of "point of view" will,

in general, imply extensive, clumsy manipulations on the addressing information,

in this cese on the flag bits or on the Record Marks. 1f somebody triea to make

a program shifting the arbitrary contents of a given sequence of memory locations
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to another place in the memory, he will realize the full impact of wy objection.

The 18%6%2 not the only machine on the market, where (part of)} the addressing
information and the corresponding inforwation proper are positionally depandent,
Because asuch machines can scarcely be used whenever the way in which the information
proper is to be sddressed changes frequently, their field of application is virtually
restricted to rather straightforward jobs; they are, for instance, no longer
qualified to take the place of a university computer, 1 always wonder whether the
designers of such machines have besn aware of the reetirictive consequences of the
technique in guestion; if so, it is hard to respect their conscious dacision to
stick to it, if not, are they the peopls that should have been deaigning wmachines?

1 always wonder......

From the letter from F.Gruenberger I quoted "Bmsides being exiremely ingenious...”.
In contrast to this opinion I should like to state that, in wore than one respect,

[ regard the design as rather crude. I shall give two examples.

Addition of two numbers is performed serially from right to left. If e short
number (source) ig added to a longer cne (dcatination) the addition needs only to
be continued to the left of the most significant digit of the sourde so long as
the carry is unequal to zero. In the [BM 1620, however, the process is always

continued to the bitter end of the destination.

The instruction for the punching of a piece of paper tape always snde by
punching a character "END OF LINE", To punch a aequance of characters unequal to
"END OF LINE" one is tharefore forced first to build up the seguence on consecutive
locations in the memory and than to punch out this sequence by means of a single
punch instruction. But when this punching takes place (nt tha conservative speed

of 7 char./sec!) the machine itself stands idle.

With this last exawple in mind one must come to the conclusion that ihe
software provided by the manufacturer is just ridiculous. Even the procsssing of
SPS {standing for "Symbolic Programming System", although it is hardly more than
just machine code with mnemonic letter combinations for the different instructions)
implies the punching out of the “translated" program. One of the 5PS5-processors
punches the translated program in portions of a fixed length of 80 charcters,
although the last 8 are naver uaad (and sometimes not even one or more preceding

wmultiples of 12).
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Concluding remarks.

As the rsader will understand, my recent study of the IBM 1620 has besn &
shocking experience: ] knew that it was & rather small machine but I had naver
suspected that it would embody so many basic blunders. Personally, I cennot

undergo such an sxperience without asking myself what its morals are.

Ore of the facts we have to face is that this machinm, despite of its poor
qualities, has been bought or rented. Either the customer is incompetent to judge
what he ia buying, or the contracta are signed by the wrong persons; in both
cages the conclusion is that the fact, that other peopls hava chossn a particular
machine, is no 4% guerantee whatscever as far as its quality is concerned. Well,
this is hardly surprising. (For this fact one could try the explanstion that the
machine, although limited gives "value for its money". But this is belied by the
machine itself, for esven a modest expert can aee, that it also gives “nuissnce
for tis money": for instance, without the additional "END OF LINE" character at
the end of the punch instruction the machine would have been ceaper and more

scund at the aame tima.)

The next fact that we have to face is that this machine, deapite of its poor
qualities, has besn produced, in this case aven by a MEKMKMEXMMME big firm with
a long and considerable experimnce. The straightforward conclusion is, that nar
the size nor the experience is a guarantee as far as the guality of the product
is concerned. Well, we can think of various sxplanations for this apparent
incensistency, but the most obvious explenation predicts still mares blunderas in

the mors ambitious and more complicated products of the manufecturer in question.

Januari 1963 £.W.0ijkstra
Technologicel | iversity
Uspartment of Mathematics
Poastbox 513%
EINDHOVEN
Tha Netherlands.

Literature; [BM Refererce Manual 1620 Uata Processing System, printed in the
Netherlsands A 26-4500-1.



