
b. VEB Carl Zeiss, Jena, where e_oopputer_eallot_Sprema c rated
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by #.47.1A1 numher of rgiiiia_hap been undem_daxaleunder o

- ialeIllin_esperyision of Dr. Herbert lortum2. This
pro	 sed beyond--If-still in its initial stage an as

experimental blueprinting and the construction of a provisional
rack for the relays.
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f o. The Institute for Applied Mathesatics at Dresden Technical Ws.
; t•	 vanity, whOrt_fretp_A. Joaohim Lehmann has worked on the develop.1	 ,

islOfii—digital computer since 194a, if
counted ao thi-irWit-151-Wildiielopoent, .. Prom 1950 calotbe

development has been carried out Jointly with technicians of T23
Fmnkvark Dresden in a special laboratory of the Latter enterprise)
Tht develorment cf the 'achin g was sdheduled to be ccepleted k,
the end of 1954. However, 83 of January 1955, developaent of am

matenal contains stgotrutien Medias Si.
Jona, Defense of the Waled Slates within the

, 41/1014 of Ino Espionage LAwrs. THNP 111. U $ C
Vics 793 Ind 794, the hansifirsuon of revel
ation of which on any mannin to an unebthofizeif
person is prohibited by leo
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1. so far an is known, East German development of computing machxnes above
the level of simple mechanical or electrical instruments has been carried
out at only three places:

East Germany

a. The Academy Institute for Medicine and Biology in Berlin -1Uollig
where development of a Fourier synthesis analog computer of the
Pepinaky type has been carried out l under the supervision of Dr)
Lasts Dornberger, head o: the Crystal Structure Analysis Group of
the Institute. The ultimate aim of this development is the eon..
struotion of a Machine for the synthesising of two-dimensional
Fourier series. So farieven the construction of a ane-disensicsal
model has, met with many difficulties mainly caused by unsuocessital
attempts at developing a. suitable sinus generator as the Ischia.
element. it present Dr. Dornberger and her group are still work-
ing on this development but its successful completion cannot to
expected in the foreseeable future.
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exiorimental model with 250 electron tubes had not	 boon
completed. Completion, of the final model is not expected before
the end of 1955. Contrary to the Berlin aluch development, Lehmann's
attempts have so far met with success, inasmuch as the most •ssen ■ •
!Da circuit elements of the experimental models have worked sat-
isfactorily in trial circuits with 150 and 250 tubes. The final
model is to have 620 electron tubes of the RT 12 P 2000 WO.

•
2. Since the Berlin-Buoh development pertains to an analog computer and

since the basic idea and comput‘tionafor the Oprema development at
Zeiss, Jena, were provided by Lehmann, the statement seems justified

ilat_East_licrman j1tal computer_development is centered at .Dresden
Technical . Ilniversi/x. -phmann
Et German authorit;f em_digiial_CommktW4ONLIA4muma..,_ In addition to

--the D iden-CoMiiiitii development, he works as a scientific advisor for
the computer. developments going on in Jena and Berlin-Buck. While he
obtained his first ideas for the Dresden development from Prof. F.A.
Willer., a noted authority on numerical calculations and mathwmi:tial
instrumento, he started to conceive projects of his own for the develop-'.
sent of a digital computer in 1948 when ho first heard about the -
Lnerican ENIAC computer. Lehmann's theoretical work on computers is
greatly.influenoed by computer research carried out in the USA, England
and Switzerland. Re has also taken several trips to West Germany in
order to study the computers in Goettingen and Hamburg. Essential
features of his model are based on the following papers:

a. A. P. Speiser: "Entwurf eines elektronischen Rechengeraets",
Mitteilungen des Institut; fuer angewandte Math-
ematik,lidgenosaaische Technische Hochschule,
Zurich 1950, Hr. 1.

A. P. Speiser; E. Stiefel: "Programmgesteuerte
digital° Rechengeraetes lo 1951, Ir. 2.

"Program Organization and Initial Orders for the
EDSAC", Proceedings of the Royal Society 202 	 .
( 1 950), 573-589.

d. H. Billing:	 "Ntmerische Rechenmaechinen sit Nagnetophonspeich
er", Zeitsehrift fuer angewandte Nathematik und
Nechanik 29 (1949), 1.

3.. The Dresden computer is a small 	 digital machine, a "Zleinautomatm.
As characterized by Dr. Lehmann,"it is to "allow the easy handling of
all routine problems of practical analysis; its computer speed should
also allow the occasional handling of simple partial differential
equations" 2. The size and operational scope of the machine were largely
determined by the consideration of material and maintenance •xpenditure.
TM ., ruled out entirely any attempt at Jeweloping a computer similar to
the big machines constructed in the USA and England. According to Dr.
Lehmann, the Dresden maehine represents the most fatorable solution in
view of the most faeorable relation between performance and ezpeud-
ituree. The magnstophone principle was selected for the numerical mem-
ory (Speicher) of the machine am the cheapest, but moat efficient,
principle available at the ptesent state of technology;

4. ?alleging ere the mast emential ccnetruction alma:ate and functiana of
the Dreedon machine:

b. H. Rutishauser;

c. D. J. Wheeler:
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a. ''ThialloatechontremeelsoeleheT, a magnetophone deum upon which
numbers ceded as binary numbers (Ls Duaisystasverschlueeselt).
are stored as magnetic dipoles. This dueicher, whia holds &Neat
2,000 numbers of 20 deciaal digits each, works with about 100 rps

• and 100 iCs digital train frequency (Ziffernfolgefrequent).

b. The. electronic Aeohenverk carries out the four bisic coOlceleticm
types. and the conversion of decimal numbers (tetradisch ver-

schlueaselte Desimalsahlen) into binary-numbers and vice versa.

c. The control of the computing operations is of the electronic mason.
address-systen-contrel type (elektronliche !Contrails is Alsadressem■
eysten). The commands are coded as umbers and pooleei 12 the 20100

• ory.' The required auxiliary installations are combined in a sepia,-
rate eomputing control nethanisn (Steuerrecheneerk).

d. Input cf numbers we commands is carried out by the scanning of a
punched card (Lochet::eifen). It is planned to replace the cards
later by magnetophone bands. The input mechanise can also be
hand-operated for c:Jtkrol purposes.

e. Output of results is done with the aid of Dlattechreiber or
§trelfenlocher. If Blattschreiber are ueedvintereediary teats can
also be written.

The following advantages of the Dresden computer were particularly emphasised
by Dr. Lehmann:

a. The Nagnetoehontroamelsoeieher, which is the main memory of the .
device, is being used for computing purposeu as well:as for dontrel

• purposes. This twofold purpose is perforned by Roans of a device
called Umlaufseekeiher (see figure 1 in appendix 1). Ai shown in
figures 2 and 3 of the appendix '24 the memory can also be used for
delaying purposes (Tersoegerungemwsoks), and for commutable dde,ying
(umschaltbare Tersoegerung).

b. Couversion of decimal numbers into binary ones and vice versa is
. particularly emple.

c. Lack of certain control possibilities is comeensatd for by the
low	 material and money expenditure and by the insignif-
icance of error sources.

d. The almost exclusive use cf electron tubes ih circuits modeled
after those developed by A. H. Aiken'. It was originally planned
to make ample use of relay circuits. This idea was discarded after
it was found tht.t use of relays within the interior parts of the
machine caused loss cf time and disturbances (Stoerctellen).
Delay, are used inthe border parts (=th:tenon), i.e. in the input
and output inetallatione of the machine, for materiel-savImirrenumigh
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6. Organisation, function and ecrformance of the Dreeden conputors

a. ihrtjacheneerX
The Rishimuk 10 able to carry out ..-wthout the use of the memory..
expression. of the following form:

'C((+4.1).c,•••441.••+••.)•t•h•••44,:j••.).(•.•41 • J.:iv

Subtraction and division can be substituted for addition and
multiplication in the above formula. This mods of operatios,
which is the one beat adapted to the monoaddress commalid system,
allows the computing in one operation of scalar products and poly•

• nomes, according to the Horner scheme. In order to save material.
• the mechanism works with a fixed comma (decimal point), which is

placed after the sixth desimal digit. The essential parts of the
geohenaerk are three registers (Register of Unlaufspeicher), and

• an accumulator (Akkumulator) in an &dation and subtraction circuit.
The principle of the Bechenwerk is indicated in figure 4 of &preen...

Jim 3 1 where the full lines represent number circuits and the dotted
lines control circuits. The small orosoes within the lines indicate
switch positions (Schaltstellen). The letters in the diagram mean
the following:

Es number input
Kz number input for parenthesis-multiplication

operation
Sp: exit to Speicher
AC: accumulator
Md and Mrs registers (Umlaufspeichee for multi-

plications: and divisions.
T: register for the adding cf products
V: sign computer

Regative numbers are marked blithe memory by a special sign impulse.
In the Rechenwerk a counter modulo 2 (called trigger) is coordin-
ated with the Id register. In the T register negative numbers
first appear as complements bat they seri later separated into sigma
and absolute values. Thus multiplication and division of posit'',
numbers only is required era no conplement installations are
necessary. aultiplication and division are carried out as repeated
adations and subtractions, ES described by Speiser in the paper .
mentioned in paragraph 2. a. above. The aceheneerk thus is able
to carry out a number of command sequences corresponding to the
formula cited at the head of paragraph 6. a. The computing times,
including search time in the memory, are on the average:

6 milli-seconds for an adeition
30 milli-seconds for a multi,lication
42 milli-seconds for a division

Coneidering thw average distribution of computing operation,
(about 32 multipiications and 3 divisions per 65 adationa), and
soma time delays vaueed by the giving of commamde, the above
figures signify that about 50 operations can be parried out per
second. The multiplication time is relatively lamp• Dr. ',thalami:
is nos working on its reduction. Bo is ropriad to have saccesdoa
in reducing it to about 22 milli-saccade.
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b. The Speicher (etArefe)
The main memory Is an electronic drum about 25 cen: wetere long
with a diaaeter of abut 2C cm. Ito surface is cove:ad with a
magnetite layer on which n mbere are stored as magnetic dipoles
with the aid ofemumber of minute magnetophone Imam. The distecu
beteeen the aagn•tophens heads and the magnetite layer is 0.05
millimeter. For reasons of correct tunotl,ning only two digits
are stored per millimeter nf the drum 01m4mference. With the dev
rotating at the rate of 100 rps, ae eenticned above, 'al . mean
search time in the memory is 5 milli-seconds. Only 16 numbers are
on on drum circumference. Since the drum holds a total of about .
2,000 numbers, '128 individual channels are needed on the drum.
According to routine methods 1 128 magnetophone heads and several
hundred tubes would therefore be requilred. In order to save maii

2/al, Dr. Lehmann arranged two sets of 8 magnetoehone heads each
in such a way that each set of II can be tiepin:ad along the axis ol
the drum with the aid of a slide mechanism. This slide mechanism
can assume 8 different electro-magnetic positions. In this 1,4* tl
16 magnetophone heads in the two sets control 128 (nansly,2 times
8 times 8) channels. Cperation of the . slide rechaniem into diffe3
ant positions takes between 30 and 50 milli-seconds. Since 26
storage sections can always be reached at the dame time within 5
milli-seconds, the described arrangement increases the total comp

me time by less than 10%, whereas expenditure of electronic mmtw-
sial is decreased by abou$ . 80%. Tie 16 magnetophone heads serve al
the name time for "reading" and "writing". They are operated by
circuit tubes which in turn are controlled with the aid of small
resist.Jr and diode matrices by the flip-flop circuits of the com-
mand register. Selection Af a number within a channea is provide(
for in the following . way: lach.storage •e •Aion "i" among tie 16

of its kind on a drum circumference is coordinated with a pre-
magnetized co:1 Sp i. Exactly at the time when the i-th storage
section arrives underneath a magnetophone bead l e-voltage impulse
Induced in Spi throuch a mark applied to the drum. The Impulse
serves for releasing the input or putiut of the contents of. the
i-th sira	 .ection. The coil Sp. is controlled by means of a
rectifier in nu, commend inetnmeni. This proeedure La called
"angle selection" (WInkelwahl); the corresponaing mechanism is
designate' b;.; WW iiLfigure 5 of appendix 4.

c. The Steuerrethenwerk

This carries out the c:Jaminds in the prescribed succession as
stored in the main memory in the form of coded numbers. It can
also perform minor calculations of auxiliary character, counting
command changes, etc., without the use of the !PAIIMILli. A
command consists of three parts: one of them indicates the °permit.
to be ett;:ried out, another indicates the rage section of the sme
ory which is. involved in the operation, and t	 third is a two-
digit number characterizing the command itsif (fennsiffer). Carr
ing oht of the commands is done with th .: aid of a command counter
(Defehlszaehler--an Om)aufspeicher with addition circuit), aa
intermediary command Seeicher (Befehlszeischenspeicher), and the
command register (all these parts are indicatelin figure 5). The
deocribed command device was extended to • $teuerredhent	 natal
through the addition of three auxiliary Walaufeocicher
epeicher S i , S2 , and 53 in figure 5). These three auxiliary
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make it possible to carry out auxiliary caleulations without I
rupting th	 calculating operations in She Whenvirk,

4.	 The Einrabo4erk and the ..usrabewerk

Input of numtwre an 	 commends is carriod out with the aid of a
Lochatrelfen :Lecher:lam. 	 Results can either bo printed or puac •
Punching of the results becomes necessary if ths total capacit
the memozy within the device (interior memory capacity) is n:t

•
•

suffiuiant for strldng all intermediary results; tho Itenhatatelt
Is then used as "exterior memory". 	 The miters, and in a mini
way'tht •oan s,	 are represented on the Lechotreifen in the •

• -• . ,
•

•

of

4-Z. =
with the absolute value of z smaller them 10 7 and k assuming tl
values 0, -3, -6, -9, and -14. If 20  Lochreihen (decimal numb:
are scanned per second the filling of this entire memory of the
vice takes between tO and 20 minutes. In order to save time ir
the handling of extensive amounts of numbers (for instance she
ever the Lochetrelfen must be used as auxiliary mem ,lry), an,: a
in order to save time durinc the punching and printing of many
intermediary results, a s;eciel iufferspeichez (UM/aufspeicher
with double number length) is built into both the Eingabcwerk 
the Aur,gabowcrk (ZP in figure 5.) These luffnremeicher a$ mcst
times function independently of the other parts of the machim
Only when a number is transferred fro:: them to the techenwerk c
when a number is taken frsothere, connection.with the Rechenwey
is established for about 30 milli-seconds. During the same tim
the conversion cf decimal into binary numbers and vice versa, i
carried out.	 ccording to Homer's scheme,the binar:; equivalen
of the dec.mal number a, b, c, 	 is

.	 .	 .. •
((01,- 1. 1:41C/ +0 LT,	+	 r 	 •

whereby a and b and co etc., are dual"verschluesaelte Ziffern"
Multiplication with LOLO is carTied cut in a circuit as Wicat
in figure 6 (appendix 5) tith the aid of the "Addiator" and the
registor of the Pechenwerk. The 8110116 mechanism carries out re-
conversion of binary into decimal numbers.	 regular electric

typewriter is used for the printing of results. The keys of th
typewriter are operated b: relays. The typewriter speed is aho
15 strokes per second. The punchinc mechanism mentioned ...bove
o erates with a relatively low sped of 5 punch series (Lochrel:
per second.

7. Figure 5 (sprendix 4) represents the total circuit scheme of the Dries.
mounine. Following is the meaning of the letter designaticrie used till
(in German nomenclature):

r	 r n
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Sp-Tr	 Speichertromool
Ve3p	 Veil du' Trowel foci Volsofepeleher
Vi	 liakelvaabler sit Spam Bpi

Sagootapbookoepfo
ST	 SohlitteoversoMebung
2	 isopthanal fair Zah.en unit Sefehle
3	 Spochronialerwerkr,	 Ischeowerk
IA, Mr, V	 Zahlonzegleter
AC	 A/Immolator
I.	 Laiteerk nit asehlepolobtr
ZZ	 Zahleneingang
IA	 Zahlommusgang
IT	 Zingsbe-Poffersolicher.
LA	 Lochstrelfenestaster
sa	 Befehleregistqr
A	 Adressent•ll
Op	 Operationateil

lefehlakennsiffer
3 Bilfseinrichtung sur enwandlung des Wahl, in Parallel.'

darstellung
Lt-1111	 Steterrechenverk
BZ	 Befehlssashler
B2w	 Defehlsswisohenspeicher
'ZP	 Zahlenpufferepeicher

• 2' S/•
Bilfespeichir

De	 Diekriminator
BL	 Leitwerk fuer BZ und BZw

Terteiler
AP	 Ausgabe-Pufferspeicher
Soh	 Blattschreiber und Locker

O. In an assessment of the machine made by Dr. Lehmsun for ZAP?, he stated
that the computer 13 capable of °amine out 50 o2eratione per second,
ad aftor reduction of tE* muitipliOation 	 tmrations per s000nd;
that it hike s storage capacity of 2,043 decimal numbers of 20 digits
each or of three times that much of cdmmeads, and that it has many ad-
Tentacle facilitating its "program operation”. Comparing this pith the

relatively small mgmber of only 620 electron tubes needed, the relatiom
bet's= performance and expenditure was judged by Dr. Lobasmr 113 being
extremely favorablee..
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1. Field Commaat. See C3-25732, C8-38179, CS-34937, C8-45128, C3-44910, C5-46624.

Field Cont.omm 	 Sett CO754291.

i . Field Comment. Ste C342577, CS-51487i'

4.. Field Gement. The plane and blueprints for the Dresden computer were
niEiRraWFil times during the development. In the Oresent report,
Lobos/In t o ideas fogarding the final model of the machine are reported.
Marilee reports on the machine should be judged as referring to plane
which underwent repeated changes.

5. Field Comment. The quotation above, as yell as the drawings attached to.
this report and most of the following data. are taken from a paper "Report
on the Pro!ect for a . Small Computing Automat at Dresden Technical Univer-*
sity" writTen at an unspecified time by Leheann, originally for publica-
tion. However, he was forbidden by the least German government to publish
this paper. It is . now kept in the archives of the Institute for Applied
Mathematics at Ereeden Technical University. Copt ce of it vent to the
Bast German Academy of Sciences and to the Central Office for Research
and Technology 'ACT) of the Sae. German State Fleecing Commission. -

6. Field Comment. German nomenclature is used wherever practical.

7. Field Comment. Mentioned in the paper cited in paragraph 2.b. above.

8. Field Comment. As stated in C3-51487, a rack with 250 electron tubes
had been completed by October 1954. The memory device described in
CS-51487, which differs from the memory device described in this report,
is a prelitenary one. According to Lehmam's plans the,final model will
have the memory	 described in this report. It is now under conetruction.
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