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1. Soc far as is known, E.st German development of cocaputing machines adovse
the lavel of simple mechanical or electrical instruments has been cazrried ¥
out at only three places: -8

a. The ioademy Institute for Medicine and Biology in Berlin-Buch,
where davelopment of a Fourier synthesis analog computor of the
Pepinaky type has been carried out! under the supervision of Dr.
Kaste Dorndergsr, head ol the Cryssal Struoturs Analysia Croup of
the Institute. The ultimate aim of this development is the oon~
struction of & machine for the synthesiszing of two-dimensional
Pourier series. So far,even the conatruction of a ocne-dimensiocpal
‘model has mat with many diffioculties mainly caused dy unsuccesafal
attempta at daveloping a suitable sinus generator as the machins
element. At present Dr. Dornderger and her group are still worke
Cji>1 ing on this development but its successful completion cannot de
L expected in the foreseesdle future.

/,: A b. VEB Carl Zeiss, Jena, where a conmputer called vamig_\
! l\ J by g,mumm:ﬁiz,a.. _has _bheen under davelopment under the — -
" g /;"3’1)31&“_9 supervision of Dr. Herbert XortuaZ. This development

ol s still in its initial afsg"'Lm and has 7 progressed beyond

- experimental blueprinting and the construction of a provisional

/ . raock for the relays.

% ;».fl" ¢. Tho Institute for Applied Mathemsaticas at Dresden Technical Unie
" _.__veraity, whers Prof. B. Joschim lehmann has worked on the develop-
; “EenRt of & digital computer since 1948, 1if Ve T(HT proJeoss
' T "ars counted &g the start of tiis davelopment’.. Prea 1950 cn, the
. devalopment has been carried out jointly with tachnicians of VI3
Lo Punkwerk Drasden in a special ladoratory of the latiar entarprise.
The develormant cf the sachine was sdhoduled to de ccaploeted N
the end of 1954. Howavar, a3 of Jaavary 1953, davelopmens ¢f an
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ex,orincntal model with 250 eleotron tubos hed not boon

coapleted. Complotion of the final model is not expectod defore

the end of 1955. Contrary to the Borlin=Buoh development, Lohmann's
attenpts have 8o far met with succoss, inasmuch «» the most essen~ -
tial cirouit clemenis of tho experimontal models have worked sat-
1sfactorily in trial circuits withk 150 and 250 tubes. The final
model is to have 620 electron tubes of the RY 12 F 2000 type9.

2. Since the Berlin-Buch development pertains to an analog computer and
since the dasic idea and computations for the Oprema development at
Zeias, Jena, wero provided by Lehmann, the statement seems justified

_thot Enst German digital computer davclopment is centered at Dresdan
Technical University. Lohmann ma; be considercd as_the. greatest -

" Euat _German authority on digital domputer-develupment. In addition to

“~"the Driuaden computér devclopment, he works as a scientific advisor for _—

the computar developments going on in Jena and Berlin-Buch. While he

obtained his firstv ideas for the Dresden development from Prof. F.A. }Q‘ﬁ

¥illers, a noted authority on numerical calculations and mathamutical ‘
"instrumento, he started to conceive projects of his own for the develop-'..:
ment of a digital computer in 1948 when he first heard about the - R
«mexrican ENI:C computer. Lehmann's theeretical work on computers is
greatly influenced by computer rcsearch carried ocut in the USi, England,
and Switzerland. He has also taken several trips to West Germany in -
order to atudy the computers in Goettingen and Hamburg. Esscential
features of his model are based on the following papers:

a. A. P. Spelser: ""Eantwur{ eineca elektronischen Rechengeraets”, _ o
Mittellungen des Instituts fuer angewandte Kath- .
ematik,Bidgencesaische Technische Hochschule, b

Zurich 19%0, Nr. 1. e

be H. Rutishauserj a. P. Speiserj E. Stiefel: "“Programmgestecuarte
S digitale Rechengeraste”: 1o 1951, Hr. 2.

c. D. J. Wheeler:. “Program Organization and Initisl Orders for the jit“w 5

EDSAC", Proceedings of the Royal Society 202
(1950), 573-589. '

d. H. Billing: "Numerische Rechenmaachinen mit Iagnetophonapoichﬂ
er”, Zeitazhrift fuer angevandte Matheratik und
Mechanik 29 (1949), 1.

3. The Dresden computcr is a small digital machine, a "Kleinautomat™,

" ;s characterized by Dr. lehmann,‘it is to "allow the eaay handling of
all routine problems of practiocal analysis; its computer speed should
also allow_the occasional handling of simple partial diffesrential
oquntiona"s. The siza and cperational scope of the machine wers 13:5913
detormined by tlie consideration of material and maintsnance expenditurez.
Thie =iled out entirely any atiempt at Javeloping a computer similar to
the biz machines conatruoted in the USA and England. Aeccording to Dr.
Lahmann, the Dreaden mathine represanta the most farorable solution in
view of the most favoradle relation betwaen :erformance and expend-
iturss., The magnatophone princlple was selacted for the numerical mom-

- ory (8peichar) of tha machine a3 the cheapest, dut moat efficient,
principle availadle at the prosent stata of technologys

4. Jollowing ore the mgst easzentlial ccnaitruction slamants and funciions of
the Drasden machina™:
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o o d) g har, & mo&opbuo drun upcon which
nnabora codod a3 Nnry usbars (i Dualayatem verschluesaelt), -
aro stored as sagnetiec dipoles. This 3peicher, which holda adous
2,000 uumdars of 20 decimal digite each, works with adbout 100 rpe
and 100 tcs digital train frequency (Ziffermfolgefrequens).

The electronic ggg_mmxk carries out the four bnuc cualoulutica
types and the convarsion of decimal numders (tetradisch vor-

aehluouolto Desuulnhloa) 1nto binary numbters and vice versa.

The control of the ccaputing operations u of the oloctmto BCR0~
nddreua-ayatoa-oontrnl type (elaktronische Xontrolle ia Binadrsssen~
system). The coamanis are coded as numbers and poolerl ia the mem=
ory. The required aunxiliary installations are ccobdinasd im a sepa~
rate Qompating control mechanisn (Steusrrechenwerk).

Input cf nnabers (3¢ commands is carried out by the scanning of a
punched card (lLochst:eifen). It is planned to replace the cards
latar by magnetophone bands. The input mechanisa ocan also be
hand-operated for cun‘rol purposes.

Output of results is dons with the aid of Blattachreiker or
t b 4 ocher. If Blattaschreiber are uszed,intermodiary texts can
alao be written. ‘ ‘

. S¢ The following adwantages of the Drosden compntor vers partiocularly eaphaalacd
by Dr. lehzann:

b.

Ce

d.

The Magnetophontroaralspgichar, which is the main memory of the
davice, is bdeing used for computing purposes as well.as for dontrol

- purposes. This twofold purpose is performed by means of a davice

callad Umlaufapeidher (ses figure 1 in appendix 1). 43 shown ia

figures 2 and 3 of the appendix 2, the memory can 2ls0 bde uasd for

dolaying purposes (Versoegorungsswsocke), and for commutadle éddayizg
(unschaltbare Verzoegerung).

Couveraion of dacimal numbora into binary onaes and vice versa 19

. particularly s! nple.

lack of certa:n control possitfiities is ccavensa’wd for by the -
low . zaterial and =money expendlturo and by the insignif-
icanca of error sources.

The alnoat exclusive use cf electron_tudes ik circuita mcdeled

after those developed by A. H. Alkenl. It was originally planmed

to makXa aapls use of relay circuita. This idea was discarded aftor
it was found thet uvse of relays within the interior parta of tha
machine cansed loss cf time and disturbdances (Stoer:tallsm).

Bsluym ure used inthe bordor parts (Randatallem), 1.e. in tho 135&3
and output imstallatioms of the machima, for aa&arial-aaviag TIAICRD
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6. Orzanisaticn, function and ,orforzance of the Dresadan conputor:

he Rachenwark

The Raghanmark 1o adle to carr; out-~wihout the use of the sczory--
expreasiona of the following form:

Ll abres "'d'f"""'")'?'h'""'i:-‘;"')'K"""L } = 1!

Subtraction and division can bde sudbatituted for addition and
multiplication in the above formula.  This mode of opsratior,

which is the one beat adapted to the mcnoaddrsss ccama..d systems,
allcwn tho computing in one operation of scalar products and polye
nomes, according to the Horner scheme. In order to save caterial.
the mechaniam works with a fixed comma (decimal point), which is
pluced after the aixth desimal digit. The essential purts of the
Rachanwerk are three registers (Register of UmlaufesPeicher), and

an accumulator (ikkumulator) in an addtion and sudtraction circuit.
The principle of the Rachanwark is indicated in figurs 4 of appen~
dix 3, whers the full linea represent nuamber circuits and the dottod
lines control circuits. The small crosses within the limes indicate
switch positions (Schaltatellen). The lettars in the diagram mean
the following: :

B: number input :
X:, number igput for parenthesis-multiplication
. operation

Sp: exit to Speicher

AC: accumunlator

Md and Mr: registers (Umlaufspeicher' for multi-

plicationa and diviasions.

T: register for the sdéing cf products
- V: sign computer '

Negative numbers are msrked in' 3he memory by a special sign impulso,.
In the Rechenwerk a counter modulo 2 (called triggsr) is coordim=
ated with the Md register. In the T register noegative nuabers
first appear as complements btmt they are later separated into signs
and absolute values. Thus sultiplication and division of positive
nuzbers only is reqguired asl no ccoplement installations are
necessary. BMultiplication and division are carried out as repeated
adMtions and subtractiona, &3 desoribed dy Speiser in the paper
mentioned in paragraph 2. a. above. The Reghanwaxrk thus is abdble

to carry out a number of coamand sequencea corresponding to the
formula cited at thes head of paragiaph 6. a. The computing tices,
including search tize in the memofy, are on the average:

6 milli-seconds for an adcition
30 milli-asconda for a multi, licaticn
42 211li-seconds for a divisicn

Considaring the average diatriduiion of coaputing oparaticns
(about 32 multijiications and ) divisions per 65 addicas), amd
gox® time delays aused by the giving of ccmmands, the adove :
figurss signify that about 50 opsrations can de earrisd cul ger
' gesond. The multiplication time 15 relatively lomg, Dr. Lokmana
13 noy working on ita reductica. Ho 13 roporiad %o Mavo sueessdod
in reducing it to adout 22 milli-azsonda.
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b, The 3neicher (atcrage)

The maln aesory ias an elesctreonic drus about 29 coni: =sters leag
with a» diaaetor of adb.ut 2C ca., Ity surface iz ccve.ed with a
magnatita layer on which n mbera are storad as sagnetic dipoles
with the aid of ginuader of minu'e sagnetophone headas. The distam
betwesn the mzgnetophcne heads and tha magnatite layer is 0.0%
millimeter. Por reasons of correct funoti.»ing only two digite
are storod por millimetar of the drum elrcumforence, Wih the 4n
rotating at the rate of 100 rps, as zenticncd adove, tre wcan
search time in the zezory 1s & milli-seconds. Only 16 nuadbers ae
o on ond drum circumference. Since the drum holds a total of adbout
= 2,000 nunbera, 128 individual channels are needed on the drum,
According to routine methods, 128 magnetophone heads and several

iﬁ% hundred tubes would thersfore be requiired. In order to save maty
e : rial, Dr. Lehmann arranged two acts of 8 magneto)hone heada each
@&w{@ﬁ' in such a way that each set of 8§ can be deplrzid along the axis of

the drua with the aid of a slide mechaniss. This slide mechanisa
can assume 8 different electro-magnetic positions. 1In this way ¢!
16 magnetophone heads in the twc sets control 128 (namely, 2 times
8 tiaes 8) channels. Cperation of thc-slide rechanisa into diffe:
ent poaitions takes between 30 and 50 milli-seconda. Since 2¢6
storage sections can always bc reached at the éame time within $
milli-seconda, the described arrangement increases the total coapm
ing time Ly less than 10%, whareas expenditurs of electronic matw-
mal is dacreased by abous 80%. Tre 16 magnetophone heads seorve a'
the same time for “"reading™ and “writing™. Thay are operated by
circuit tubes which in turn are controlled with the aid of small
resistur and diode matrices by the flip-flop circuits of the com-
mand register. Selection §f a number within a channal is providet

for in the following way: Buch storage se~tion "i" among tre 16
of itas kind on a drum circumforence is coordinated with a pre-
magnetized co:1 Spj. Exactly at the time whan the i-th storage
section arrives underneath a magnetophons hsad,a voltage impulse :
inducad in Spy through a mark applied to the drum. "The impulse
scrves for ruleasing the input or put:ut of the contents of the
i-th s4rage zcction. The coil Spy is controlled by means of a
rectifier in ‘he oonmand-inatnnen%. This proasdure ta called
mangle selection” (Winkelwahl); the correaponding mechanism 1a
designata’ by WX iMf.figure 5 of appendiz 4.

c. The Steuerrsshenwerk

this carries out thc c.mmands in the prescribed succession sa
stored in the main memory in the form of coded numbars. It can
also porform minor calculations of auxiliary character, counting:
cocmand changes, etc., without the use of the Rechemwerk. A
coamand conaista of thres parts: one of them indicates the operasd
to be cesried out, another indicates the sbrage section of the mer
ory which 1s involved in the operation, and ti» third is & two-
digit number characterizing the command ftalf (Xonnsiffer). Carr
ing okt of the commands is dors with th: aid of a command ocuater
(Bafehlszashler--an Umjaufspeicher with addition sircuit), aa '
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%§ intermediary command Speichar (Bafehlszvischemspeicher), and the
Eﬁ command ragister (all these parts are indicatel in figure 5). The
%@ deseridad coamand device was extended to a Jtgnarredhanwaxk maial
g through the addition of thres auziliary Umlaufapeichar (Bilfs--

@oichar Sy S, and s3 in figuro 5). Theoa thrse auxiliary
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Sppigﬁ_; urd arranged in:bout th. sac: way «s t'c B-tube in tF °

Bncliah computer ot Hanschester. The Sys» 5oy 8nd 33 Ufifsaspoick o

make {t possidle to carry out auxiliary caléulaticne without § :

rupting th- calculating operations in 3be Rachanzark,

L]

d. The Eingabo.erk und the ..usgabewerk

” o

Input of numbrra anc commands i3 carriod out with the aid of a
Lochgireifen zechaniam. Resultas cun eithar bo printed or punc
Funching of thre resulis beoccmas necessary if the total capacit
the memozy within the device (interior memury capasity) is nct
suffluient for storing all intermediary results; tho

~ {3 then used as "exterior memory®. The numters, and in a sim!

way the comman s, are represcntcd on the Lechatraifan in the -
of ' :

o

0’

"

w "N

: K
z = a-

with thc absolute value of z smaller tham 107 and k asousing t}
values 0, =3, =6, =9, and =14. If 20 Lockraihen (decimal nuad¢
are scannasl per second the filling of tha entire memory of thas ¢
vico takes betwezn 10 and 20 minutes. In ordexr tc save time iz
the handling of extensive amounts of numbers (for instance whe e
ever the Lochstrejifen must be used as auxiliary memory), a&an- & .
in order to savc time during the punching and peiniing of many ' '
intermediary results, a s:ecinl rufferspeicher (Umlaufspeicher .
with doudble number length) is built into both the Eingabcwerk ¢

the Ausgubowerk (2P in figure S.) Theso fufforspeicher as mcst .
times function independently of the cther parts of the zachin .
Only when & number is transferred fro- them to the Rachenwerk c

when a number is taken fremthere, connection with the Rechenwex -
i3 established for about 30 milli-seccrndas. During the same tim <
the conversion c¢f decimal into binary numbers and vice versa, 4

carried out. sccording to Horner's schema,the binar; equivalen "
of the dec.nmal number a, b, C, «.. i3

(o LelO+b) LOLI+ C il lve e

whereby a and b and ¢, etc., are dual®verachiucsselte Ziffern®
Multiplication with LOLO is carried cut in & oircuit as iniicat
in figure 6 (appendix 5) rith the aid of the "Addiator” and the
register of the Rechenwerk. Tho s@ms mechaniam carrles out re-
conversion of binary into decimal numders. =~ regular electrie
typevriter is used for thc printing of resulta. The keys of th
typewriter are operated b: relays. The typeuriter speod is ado
1t strokes per second. The punching mechanism nentioned .dbove e
o eratas with a relativaiy low spged of 5 punch serics (Lochrei:

per second. K
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1. ?1gﬁre 5 (e;,endix 4) reprcsents the total circuit scheme of the Dres: -
_macnine. Following is tke meaning of the letter designaticna uaed th. .
(in German nomenclature): |
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Apeichartrcenal

%4l dar Trcamel fuer Umlanfapeiohsy
fiakeluaadler ait Spulca Sp,

Sagnetophonkoepla

Sahliltenverschi.edung

Eaupytxanal fuer Zah.en unl Befehle
Symchrenieiarserk

Rechenverk

) By, ? Sadlenregistor

' - Ak¥usmlator

Leitwerk mit Zaehlapaliddmy

Zahleneingang

Zahlsnauageng

Ringabde-ruffers;eicher

Lochstreifenastastar

‘Befehlaregistar

Adressenteil

Operationsteil

Yefehlskennziffar : :
Hilfaeinrichtung sur thwandlung des Defahla in Parallele
daratellung :
Steuerrschonsork

Befehlazashler

Befshlaswischonspeichar

Zahlenpuffarspeicher

84 32. 83 Hilfsspeicher

D. Diakriminator

35 Leitwerk fuer 3Z und BZw

 § Verteller

el T T LI Y -

g

AP Ausgabe~-Puffarapeicher

Sch Blattachrsiber und Locher

In an assasszent of ths machina mada by Dr. Lokzmin for ZADT, he stated
that the computar is capadble of carrying out 50 onevations per seeond,
and aftor roductlon of tre multiplicaticm timas, 70 c.eraticms por soeonds
that it hus a storags capacity of 2,048 decimal nuaders of 20 digits
cach or of three times that puch of cczmands; and that it bas meay ad-
vantages facilitating 1ts "prograa operatiom™., Ccmparing this with tho
relatively small mgater of only 620 eloctrem tabes moedod, the relasic:
detwagn jerformance and expanditurs was Jjudged bty Dr. Lohzann as deizg
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Pield Commat. See C3-25732, cs.'.'33179' €3-34937, 08-55126, CS-MQ].Q, cs .
Pleld Ceamont. 8q:'caf51.291.
Pield Comment. BSce CHN25TT, C8-5LUB7,

" Pi{eld Ccmment. The plans and blueprinta for the Dresden ccaputar vere

changed several times during the development, In the fresent report,
Letmainn's 1deas —egarding the final mcdal of the machine are roportad.
Earlier repcrta on the machine should be judged as referring to plaus
vhich undervent repeatead changes.

Pield Cozmment. The quotation above,as vell as the dravings attached to.
this report and moat of the folloving data are taken frcm a pap:r "Report
on the Pro‘ect for a Small Computing Automat at Dresden Technical Univer-
sity” writven at an unspecified time by Lehmann, originaily for publica-
tion. However, he was forbidden by the East German government to pudlish
this paper. It is nov kept in the archives of the Institute for Appliad

. Mathematica at Dreaden Technical University. Copils of it want to “he

Bast German Academy of Sciences and to the Central Office for Research ~
and Technology \ZAFT) of the Bac’ Garman State Planning Cummissicm. - ‘

PField Comment. GCerman nomenclature is used wherever practical.

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

Field Comment. As stated in CS-51k87, a rack with 250 electron tubes

had been completed by October 1954. The memory device described in
CS-5148T, which differs from the memory device described in this report,

is a prelim'nary one. According to Lehmanr's plans the,final mcdel will
have the mezory described in <his report. It is now under constructicn.

LIERARY SURJECT AND AREA CODES

2-02-0%CH 3/55
S11.61 hn/c
611.65 ' b://c
611.0! M/
Gti,08 M/c
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