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This invention relates to automatic, mechanical, elec 
tronic or electric computing machines and is particularly 
concerned with the construction and logical design of 
computing machines as well as the input and output de 
vices associated therewith. 
Known automatic computing devices and data process 

ing systems require instructions as to the manner and 
order in which numerical or other information processing 
steps are to be carried out. The pattern of writing out 
such instructions for each such system, is chosen early 
in the development of the system in such a way as to de 
scribe elementary technological functions of the system. 
The instructions thus written are usually called a “pro 
gram.” The program for a process of calculation, and 
the mathematical formulas usually used by the mathema 
ticians for describing this process, each characterize one 
and the same operation, although in two basically differ 
ent languages. 
The translation from the language of mathematical 

formulas into the program is usually called programming. 
This translation is in practice a time consuming and 
generally undesirable procedure, subject to errors. The 
language of programming is an unusual one for the mathe 
matician and, furthermore, is different for different ma 
chines. This diiferentiation of programming technique 
from machine to machine indicates the extent to which 
the programming systems of hitherto used machines de 
pend upon the constructional features of the particular 
machine and how little the mathematical expressions used 
uniformly throughout the world have been considered 
by the designers of computing machines. 
The drawbacks of the usual programming procedure 

have been clearly recognized in technical literature for 
several years. The easiest way to overcome these draw 
backs has been to utilize existing computing machines of 
universal design for certain routine processes of pro 
gramming, a task which itself represents a data processing 
problem. There exist today programs which, with cer 
tain limitations, effect the whole translation work from 
the mathematical formula to the program of the com 
puting machine. 

These translating programs are very complicated and 
consequently very voluminous. Small computing devices 
are not capable of solving such problems. The transla 
tion of voluminous formulas ‘requires excessively long 
times even in medium size systems. 
The present invention is concerned with an automatic 

computing machine which is directly controlled ‘by mathe 
matical formulas written out in conventional style. It 
represents important advances in the art, both in its de 
sign and in its capabilities, as compared with machines 
employing the usual programming methods. According 
to the invention, instructions are offered to the control 
device of the machine in a form of writing essentially 
identical with the notation of mathematics. Each char 
acter of the formula is examined for its meaning and is 
either immediately operated on or postponed for later 
recall, preferably in the sequence of its arrival, only until 
all characters of the formula required for its evaluation 
have been offered to the control device. A further post 
ponement may, of course, be effected, but is not essen 
tial and can only be justi?ed by other advantages lying 
outside the invention. 
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The characters of the formula representing numerical 

symbols, i.e. numbers, are separated from the characters 
representing operational symbols, and, if they must be 
postponed, both are fed to storage devices, preferably to 
two different “cellars,” namely the numbers cellar and the 
operations cellar, and are accessible to the control device 
from these storage devices. 

It is preferable to place the characters arriving in the 
numbers cellar or the operations cellar respectively at the 
top of the corresponding sequence and to withdraw the 
characters automatically from the top of the correspond 
ing sequence. 
The operational symbols of arithmetic + — () are 

used, preferably in form of code symbols, for initiating 
control operations, i.e. machine functions. The time of 
the ?nal start of the control operation by a code sign 
is determined, among other things, by the fact that one 
or more succeeding code signs necessary to the operation 
have arrived. For this reason the code signs are post 
pone-d or stored in the operations cellar, and are with 
drawn from this operations cellar only when the time 
of carrying out the operation is reached, the order of 
presenting said characters being the correct one auto~ 
matically in case of the above-mentioned sequential or 
dering in the cellar. In a similar manner, the numbers 
cellar guarantees that the operations are automatically 
carried out with the respective numbers as soon as all 
numerical values required for carrying out the opera 
tion are present. The numbers which are to be used 
in a certain calculation may be represented by digital 
symbols, for instance in the decimal system, and corre 
sponding code signs. 

Those characters of the formula requiring a result, par 
ticularly the equality sign, are fed into a special device, 
namely into the output control. 
The method described above in its basic terms is de 

scribed later on in an embodiment designated as type I, 
allowing the processing of the most simple formulas. 
Another embodiment for carrying out the method of 

the invention is described in the following paragraphs 
and designated as type II. 

In many cases it is desirable to compute only once cer 
tain partial results which are to be used repeatedly, and 
to designate such results by special symbols, for instance 
by letters, in writing down the formula. In accordance 
with the further invention, special characters are used as 
algebraic symbols of quantities, and code signs associated 
therewith are used for expressing numbers or groups of 
numbers, for instance results and partial results in for 
mulas, in such a manner that each character entering 
the control device for the ?rst time produces a reserva 
tion of certain places for a number or a group of num 
bers within a storage device. A coordination between 
this place or these places and the respective symbol of the 
quantity is maintained until further notice. The quan 
tity symbol is used by the control device in formulas as 
a substitute for the number or group of numbers stored 
in the corresponding place or places. 
The entering of a number into a place designated by the 

symbol of a quantity in the numerical storage is produced 
by the result symbol =>, followed by the quantity sym 
bol. It may be of advantage to carry out the above-men‘ 
tioned reservation of places only with the just mentioned 
entering of numbers. The operation is postponed if a 
quantity symbol within a formula arrives in the control 
device which has not yet been covered by a number in the 
numbers storage. New information is asked for from 
outside the machine until the place to be reserved has 
been occupied by a number. 
By using letters as characters it becomes possible to des 

ignate the initial values of a calculation from the begin 
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ning by letters, so that the mathematical formulas can be 
Written entirely or partly with algebraic symbols. 

Further improvements of the computing device are pos— 
sible by means described in the following paragraphs as 
type III. While the above-mentioned embodiments pro 
vide a computing device using a direct control by formu 
las and writing out the entire operation, i.e. while the in— 
put and output has the form of mathematically written 
formulas, it is often desirable to utilize the possibility of 
repeating formulas. For this purpose the entire incoming 
information, serving as before as direct formula control, 
is also stored at the same time in a formula storage. Spe 
cial characters are used as characterizing symbols for num 
bering groups of formulas in order to open up further 
possibilities. Each characterizing symbol arriving for the 
?rst time at the control device establishes the coordination 
between the place occupied by the beginning of the group 
of formulas in a formula storage and the characterizing 
symbol, which coordination is maintained until further 
notice. 

In particular it is possible to label the beginning of 
groups of formulas; the labeling symbol may consist of 
numbers with the addition of a special sign which identi 
?es the symbol as an address in the formula storage. An 
asterisk (1‘) is used for this purpose. Consecutive num 
bering is not required. It is only necessary to arrange a 
prestorage before the formula storage. The prestorage 
shows under the number of each labeling symbol as input 
the address in the main storage identi?ed by the respective 
labeling symbol. 
The method may further be developed in such a way 

that the input of a labeling symbol in combination with a 
special sign, for instance an arrow (—>), as jump symbol, 
suffices to effect a repetition of the calculation or, more 
generally, that the calculation is continued with the be- ‘ 
ginning of the group of formulas noted under the respec 
tive label in the formula storage. The transfer may de 
pend upon conditions in a known manner. The opera 
tion is postponed if a jumping symbol leads to a group of 
formulas not yet noted in the formula storage, so that 
new information is asked for from the outside. In this 
case as well as in the above-mentioned case in which a 
quantity symbol not yet covered by a number in the num 
ber storage appears in a formula, the required information 
is entered only into formula storage and the symbols des- . 
ignating the beginning of individual groups of formulas 
are evaluated in the manner mentioned above. This pro 
cedure is automatically interrupted when the labeling sym 
bol of the called-for group of formulas is received. or 
when the called-for quantity has been occupied by a num- ,1 
her. The calculation is resumed at the point of interrup 
tion, and in the last-mentioned case, the jump is made. 
When this method is carried out, the calculation is inter 
rupted also when the character last noted in the formula 
storage has been consumed in the process Without effect 
ing a jump towards an existing label. The information 
that the formula storage is empty results in the control 
device asking for new information from the outside, 
which request is noted in the formula storage and exe 
cuted at the same time. 

Instead of the hitherto described principle of carrying 
out all operational steps of formula symbols as soon as 
possible, it is also possible to postpone the operation either 
entirely or partly until a suitable later time if this should 
be required. 
A special character may be interpreted as symbol mean 

ing “no storage,” noting down so that following this sign 
the storing of incoming information is suppressed until 
further notice. for instance by a dissolving symbol or by 
the next incoming marking symbol for groups of formulas. 
The machine embodying the invention comprises, in its 

most simple form, a predecoder receiving all characters 
of the formula in the usual sequence of writing the for 
mula. The predecoder has a number of outputs leading 
to a number converter, to an operations converter, and to 

4 
an output control device, as well as to control means for 
insigni?cant characters, i.e. characters symbolizing “care 
riage return” and the like. The converters of the control 
device may be connected with a printer. The numbers 
cellar and the numbers converter are connected in such 
a manner that the numbers cellar may receive numbers 
in the sequence in which they come in from the converter 
and that, furthermore, the ?rst number of the sequence 
is fed as result to the printer when a corresponding in 
struction is received. 
The operations converter is connected with the opera 

tions cellar so that it can supply the operation symbols in 
the sequence of their arrival, whereby either the last 
arrivcd symbol of the previously supplied and upwardly 
moving symbol or the newly arriving symbol may be sup 
plied to the computing means in order to carry out those 
operations for which the corresponding operands are pres 
ent at the top of. the sequence stored in the numerical 
cellar. 

It is preferable that the characters closing a formula, 
particularly the equality sign or the result sign, cause an 
examination for “sense of formula.” 
The operations cellar and the numbers cellar may com 

prise means storing the supplied characters sequentially 
by moving the stored characters downwardly in the order 
of their arrival and allowing a withdrawal of the last 
stored character or of the uppermost of the upwardly mov 
ing characters only. 

In another embodiment, the operations cellar and/or 
the numbers cellar may comprise means for storing the 
supplied characters sequentially. by putting each incom 
ing character on the place before the last arrived charac 
ter, by marking this place, and by feeding out the charac 
ter from the place marked last. The computing unit oper 
ates with the numbers contained in the uppermost or in 
the two uppermost “stories” or levels of the numbers 
cellar, in conformity with the instructions received from 
the operation control, and feeds the result again into the 
uppermost story of the numbers cellar. 
The output control means is preferably connected with 

the numbers celler in such a manner that the connection 
between the numbers cellar and the printer is completed 
upon the arrival of an equality sign and an eventually 
succeeding sign meaning “digit required,” and that the 
number contained in the upperstory of the numbers cel< 
lar is supplied entirely or partly to the writing means. 
The machine. according to the invention, can also op~ 

erate with subscript quantities. The calculation with sub 
scripts is carried out in a manner analogous to the calcula 
tion with other quantities. For designating subscripted 
quantities, special characters may be used as subscripting, 
symbols which mark the beginning and the end of sub 
scripts and the separation between individual subscripts; 
these signs are fed to special means effecting intermediately 
an interruption of the current calculation, the evaluation 
of the expressions in the subscript positions in accordance 
with the above-mentioned methods, and the selection of 
the single components of the respective subscripted quan 
tity designated by the subscript values obtained. An ex 
ample for carrying out such calculations is described be 
low and designated as type IV. 

Further features and advantages of the invention will 
be pointed out in the following description of embodi 
ments, represented in the drawings, in which: 
FIG. 1 is a block diagram of a computing machine 

according to the invention in its most simple embodi— 
ment; 

FIG. 2 is a diagram illustrating the operations con 
verter 8 of FIG. 1; 

FIG. 3 is a tabular representation of the processing 
of an illustrative calculation demonstrating the roles of 
the numbers cellar 11 and operations cellar 12 of FIG. l; 

FIG. 4 is a block diagram of a computing machine. in 
cluding further components not illustrated in FIG. 1: 

FIG. 4a is a block diagram similar to FIG. 4, and in 
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eluding components for processing subscripted characters; 
FIG. 5 is a schematic representation of the numbers 

cellar and computer device of the invention; 
FIG. 6 is a schematic representation similar to FIG. 5 

and illustrating a computing device and numbers cellar 
having two ring circuits; 
FIG. 7 illustrates the predecoder and operations con~ 

verter of a complete machine in accordance with FIG. 1; 
FIG. 8 illustrates the arrangement of the operations 

cellar of such a complete machine; 
:FIG. 9 illustrates the arrangement of the numbers cel 

lar of such a machine; 
FIG. 10 illustrates the computer device of such a ma 

chine; 
FIG. 11 illustrates the output elements of such a ma 

chine; 
FIG. 12 is a key to the assembly of FIGS. 7 through 

11; 
FIG. 13 is a block diagram of a combined computer 

device and numbers cellar of the type illustrated in FIGS. 
9 and 10, the interconnections of FIG. 13 with FIGS. 7, 
8 and l 1 being shown in FIG. 120; 
FIG. 14 shows the numbers cellar adding network of 

FIG. 13; 
FIG. 15 shows the multiplication control of FIG. 13; 
FIG. 16 shows the addition control circuit of FIG. 13; 

and 
FIG. 17 shows yet another of the control circuits of 

FIG. 13. 
Throughout the machine 13 line cables have been used 

and in the drawings the individual lines of such cables 
are identified with the numerals 0 through 12. In some 
cases, for convenience, only the ?rst and last lines have 
been drawn to indicate the entire cable. Furthermore, 13 
line cables have been illustrated in some instances in which 
one or more of the 13 lines is not used. In FIGURE 13, 
for example, the output of arithmetric unit V is indicated 
as consisting of V-0 and V-12. These collectively indi~ 
cate a 13 line cable. It happens that, in this particular 
cable, line 12 is unused and hence no connection is shown 
to it in FIGURE l5. 
FIG. 1 shows schematically the circuit arrangement of 

a computing machine of simple design according to the 
invention, representing type I. In this machine expres 
sions of most simple nature, for instance: 

0.23 X4.433—(2+5.28764): 
may be computed. The computation is carried out by 
direct control from the input and the machine answers 
with the result —6.26575 so that the printer writes down 
the complete equation 

0.23 ><4.443— (2+5.28764):—6.26575 (l) 
The machine comprises an electrical typewriter with 

the keyboard 1 and printer 2. The keyboard 1 may in— 
clude keys for the following symbols represented by ap 
propriately combined mechanical or electrical signals: 

Information N: the ten digits 0, l, . . . 9; the decimal 
point. 

Information Op: 7 operational symbols + —- X ~:- () B; 
the letter B means “absolute value.” 

In the same manner functions of a variable may be added, 
e.g. reciprocal (R), square root (\/), sine (sin) etc. 

Information R: the equality symbol : and character 
“digit requested" (will not be printed). 

Further writing and operational characters without 
signi?cance to the computing machine may be provided, 
for instance letters, line feed, carriage return, space etc. 
which form the “information S." In the present example 
at least twenty characters are of signi?cance to the com 
puting machine, requiring at least ?ve elements or bits for 
coding. 
The coded characters are supplied over a cable 3 to a 

device 4 which may be designated as formula decoder or 
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6 
central control and which includes the components ar 
ranged within the dotted lines. Cable 3 is directly con 
nected to a predecoder 5 having four output terminals. 
One terminal is connected to the output control 6, an 
other to the numbers converter 7, the third output is con 
nected to an operational converter 8 and the fourth out 
put to a control device 9 for insigni?cant characters. 
The predecoder 5 separates the information G arriving 

over the cable 3 into the four groups, and supplies them 
to the respective devices, the information N to the num 
bers converter 7, the information Op to the operations 
converter 8, the information R to the output control 6, 
and the information S to the control device 9. 
The machine includes furthermore a computing unit 

10 which may be designed in a manner known per se and 
is able to carry out additions, subtractions, multiplica 
tions and divisions. The machine includes furthermore a 
numbers cellar 11 and an operations cellar 12. The in 
put of the numbers cellar is connected to the numbers 
converter 7 and to the computing unit 10. The output 
of the numbers cellar may be selectively connected to the 
computing unit and the output control 6. The input of 
the operations cellar as well as its output are connected 
with the operations converter while the operations con 
verter controls the computer in a manner described be 
low. 
The devices 6, 7, 8 and 9 are all connected over outputs 

A and a line 13 to the typing elements 2. 
FIG. 2 shows the operations converter 8 more in de 

tail in form of a matrix. The cables Op coming from the 
predecoder 5 are connected to the horizontal lines of the 
matrix. The cables C coming from the operations cellar 
12 are connected to the individual vertical columns of the 
matrix. The output cables Op’ and Op" on the right 
hand side of the matrix are connected to the operations 
cellar or the computing unit respectively. 
The ?rst vertical column of FIG. 2 indicates the sym 

bols arriving on the cable from the predecoder. The 
uppermost line shows the symbols arriving from the 
uppermost story of the operations cellar. If now, for 
example, a plus sign + arrives from the predecoder, at 
the same time when a sign “(" is present in the operations 
cellar, the operation k is initiated, i.e. the symbol coming 
from the predecoder is introduced into the operations 
cellar and stored therein. The letters indicated in the 
matrix are abbreviations for the following components or 
operations of the machine: 

Table I 

D: discriminating register (uppermost story of the opera 
tions cellar); 

E: decoding register (output of the predecoder); 
N.C.: numbers cellar; 
O.C.: operations cellar; 
V: signal “beginning of number” from numbers con 
verter; 
B: absolute value; 
R: reciprocal; 
@z empty condition of the operations cellar; 
f: number into N.C.; 
e: 0 into N.C.; 
k: E into O.C.; 
a: execute D, E into D; 
n: raise N.C.; 
r: execute D, raise CC. and repeat; 
0: raise O.C.; 
s: “write" (or later “store”). 

“Raise" means that the element at the top of DC. or 
N.C. is discarded. 

“Execute” means that the computer carries out the 
operation indicated by the content of D with the two 
uppermost or with the uppermost number respectively 
present in the numbers cellar. “Repeat” means that the 
operation of FIG. 2 is repeated with the new content of 
D. 
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E—>D can also be carried out as lower O.C., E—>O.C.; 
—>O.C.—>N.C. means “to place at the top of CC. or N.C. 
respectively.” The matrix arrangement may be replaced 
by a triangular array or another logical circuit arrange 
ment of equivalent design as is well known in the art. 

In the operation of the device the coded characters, 
for instance in form of groups of pulses, are supplied 
from the keyboard 1 to the prcdecoder 5 and are examined 
therein for their meaning. If they are numbers, the in 
formation contained therein is supplied to the numbers 
converter 7. The point may be changed into an ex 
ponent. The signal V may be directed to the operations 
converter. If the signal is an operational symbol, it is 
supplied to the operations converter. 

In order to explain the operation more in detail, refer 
ence is made to FIG. 3 of the drawing, representing in a 
diagram the operation of the numbers cellar and the 
operations cellar. 
The uppermost line shows a formula 

the letters a and b representing numbers. The block 
O.C. below the line represents an operational cellar; the 
vertical columns S1 to 516 contain the marking symbols 
which are received during the individual steps of opera 
tion. The block N.C. below the block O.C. contains 
the numbers stored in the numbers cellar. The sign 0 
means that no digits are contained in the numbers cellar 
and the sign @ means that the operations cellar or the , 
numbers cellar respectively are empty in the downward 
direction. The ?rst column of the operations cellar is 
empty, and the numbers cellar contains the number 0. If 
now the left parenthesis ( is written on the keyboard, this 
character is fed into the prcdecoder. The prcdecoder 
recognizes that the character is an operational symbol 
and directs it to the operations converter 8. The opera 
tions converter compares the information Op with an in 
formation Op' which may be present in the operations 
cellar and feeds Op to the operations cellar as repre 
sented in the column S2 of FIG. 3. 
The number a is now written on the keyboard 1 and 

arrives in the prcdecoder. The prcdecoder recognizes that 
this is a number and produces a signal V, whereupon 
the number is fed through the numbers converter 7 to the 
numbers cellar 11. This step is represented in the third 
column S3 of FIG. 3. As no further numbers are present, 
the computer 10 is not yet actuated. 

In the next step of operation the keyboard writes the 
sign +. This character is supplied by way of the pre 
decoder and the cable Op, as well as the operations con 
verter, into the operations cellar 12, as shown in column 
S4 of FIG. 3. 

In the next step of operation the number b is supplied 
by the keyboard to the prcdecoder. As this is a number, 
it is directed to the numbers cellar 11, in which the num 
ber a is advanced downwardly. If now the next character 
consists of a right parenthesis ), this character is di 
rected to the operations converter which makes a com 
parison with the information Op’ from the operations 
cellar. In accordance with the result of this comparison 
the information Op" (that is the character “—l—”) is sup 
plied to the computer; the computer withdraws the two 
numbers b and a from the numbers cellar, adds them 
and supplies the intermediate result c to the numbers 
cellar. The characters + and ( in the operations cellar 
‘are erased as may be seen from columns S6 and S7 in 
FIG. 3. 
The next step consists in delivering the multiplication 

sign X from the keyboard to the operations converter 
which enters it in the operations cellar. Now follows the 
character (. This character is fed into the operations 
cellar but produces a number 0 in the numbers cellar 
as shown in column S9 of FIG. 3, so that the quantity 
of the parenthetical expression may be computed. If, 
now, the minus sign — follows, this is directed into the 
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operations cellar containing now three characters. The 
next step supplies the number u again, which is directed 
into the numbers cellar (column S11 in FIG. 3). The 
following characters are processed in a manner similar to 
the one described in connection with the ?rst parenthetical 
expression. When the right parenthesis arrives, the sum 
within the second parenthesis is formed. The multiplica 
tion of the intermediate results 0 and d is carried out 
when the equality sign arrives. This character as well 
as the character “number requested" connects the num 
hers cellar with the typing elements so that the result 
may be typed. 

FIG. 4 shows the complete layout of a computing 
machine for carrying out operations of type II and type 
III. 
The computing machine comprises again an electrical 

typewriter with the keyboard 1 and the. printer 2, as well 
as the formula decoder 4 receiving the code signals by 
way of a cable 3 from the keyboard. A punched tape 
scanner or magnetic tape scanner 20 is provided for feed 
ing the machine, whereas a punch or magnetic recorder 
21 serves for recording the results. The operations cel 
lar 12 and the numbers cellar 11 as well as the com 
puting unit 10 correspond to the parts represented in 
FIG. 1. The machine of FIG. 4 contains furthermore 
a numbers storage 22 and a formula. storage 23. The 
numbers storage serves for holding the numbers, whereas 
the formula storage stores groups of formulas. Both 
storages may have the form of a magnetic drum storage 
known per se, or of an array of magnetic cores, or of a 
storage tube with scanning cathode ray. The formula 
decoder is connected in a manner similar to FIG. 1 
with the operations cellar and the numbers cellar. A 
further connection exists in the machine of FIG. 4 from 
the formula decoder 4 to the scanning unit 27 of the 
numbers storage 22, the places of which are occupied 
by special empty symbols in the initial condition. The 
inputs for the scanning unit 27 are preferably letters, 
e.g. the 26 letters of the alphabet (information B). A 
special reservation of places is not necessary in type II 
operations. Further connections exist between the for‘ 
mula decoder 4, the address decoder 25, and the formula 
storage 23. A scanning unit 25' is provided for the 
address decoder 25, serving as address storage for the 
places in formula storage 23 corresponding to the ad 
dress as input. When a labeling symbol arrives the ad 
dress corresponding to the label in the formula storage 23 
is taken out of the scanning unit 26 and reintroduced into 
the respective section of the labels decoder 25. Direct 
connections are provided from the keyboard 1 or the 
scanner 20 to the formula storage 23 as well as from the 
formula storage 23 to the formula decoder 4. A fur 
ther connection from the formula storage 23 to the typing 
set 2 is explained below. 
The system represented in FIG. 4 may be used to 

evaluate an expression 

(2.27+3.328)><64.45-—2+(2.27+3.328)= (3) 

in simpli?ed form by computing the expression 2.27-l 
3.328 only once and by designating it by an algebraic 
quantity symbol, e.g. the letter z. Furthermore, the 
above-mentioned “result sign” => is used as a symbol 
and code sign initiating the use of the quantity symbol 

» and the holding of the partial results under an address 
selected as indicated below. This is written in the fol 
lowing manner: 

2.2.7+3.328=>z 

The machine answers this input by placing the result be— 
hind the equality sign. If the partial result is to be writ 
ten down the expression z: is inserted after the sign 
=>z whereupon the machine answers with the partial 
result 5.598. In writing down this result the second line 
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from the character x up to the equation sign follows. The 
complete written out statement reads then: 

2.27+3.328::>z 
z=5.598 

The results or answers are underlined. They may be 
printed in colors. The storage of the partial results is 
effected in the numbers storage 22. This numbers stor 
age contains a multi-place storage position for each letter, 
the partial result corresponding to the respective letter 
being stored in these storage positions. By searching for 
the respective letter the stored partial result can be taken 
out of the numbers storage and can be fed to the num 
bers cellar or to the computer or to the printer. 
The computing operations of type III, particularly the 

repetitions of instructions, become possible by using the 
formula storage 23. The asterisk sign * following a 
number, eg 33*, indicates that the label decoder is to _ 
respond to the number 33 by giving the address in the 
formula storage where the formula following the label 
33* begins. The repetition of a formula is effected by the 
jump symbol —> and by adding the desired labeling sym 
bol. The repetition may be dependent upon conditions 
in a manner known per se. This requires also the intro 
duction of code signs with symbols < or > with the 
usual meaning. 
Assume that it is intended, for instance, to compute 

the square root r/gfrom the positive number a in accord- I 
ance with the method of Newton by approximation. As 
a ?rst approximation, the number 1 is used. 

The formulas following 33* are to be repeated. The 
arrow sign —> initiates the operation which is usually 
called a “jump" because the computation is repeated from 
the place which has been noted under the input 33 of the 
prestorage. The .r is the limit for the admissible dif 
ference; the operation ceases when this limit is reached. 
The machine operates then with empty formula storage 
and requires new information. 

Special measures are required when, in the evaluation 
of alternatives, a branch of the fork can be reached only 
by a forward jump. 

Example: 

The labels decoder signalizes in this case "17*” not oc 
cupied.” The writing down of the incoming code signs 
is continued undisturbed. The immediate execution is, 
however, interrupted for the time being with the excep 
tion of noting the beginnings marked by the symbol *, 
which must, of course, be carried out. The operation is 
resumed at the moment in which the asked-for address 
17 in the labels decoder is occupied by the characters 
17*; at this point the operation is continued as before. 
The equality sign = of type II, which is now noted in 

the formula storage, effects as above the printing of the 
intermediate result of the operation. The number of de 
sired digits inclusive of the position of the point may be 
prescribed by inserting “digit requested” symbols and 
corresponding code signs. If a “digit requested" symbol 
is not present the whole number of digits is asked for. 
The following modi?cations may be of advantage: 

If an equality sign is followed by a => besides “digit 
requested" symbols and a point, this character and the 
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subsequent quantity symbol shall also be printed. The 
storage connected with the character => is not influenced 
thereby. 

Example: The formula storage contains 

The printer writes . . . . . y. 

The operation “0 into N.C." indicated in FIG. 2 under 
the inputs : for E and @ for D must be suppressed if, 
as in the example. the equality “=” is followed immedi 
ately by the character “=>”. 
An embodiment of the numbers cellar is represented 

in FIG. 5. This embodiment has the special feature that 
the numbers cellar is combined with the computing unit 
in order to obtain a most simple arrangement. 
The numbers cellar N.C. includes a chain of storage 

elements; FIG. 5 shows the elements 30 through 39. 
These storage elements are arranged adjacent to an ac 
cumulator element 40 receiving the numbers from the 
outside from the number converter 7. A chain of storage 
elements is arranged on the other side of the accumula 
tor element 40. This chain is designated as “appendix” 
and includes the elements 41 through 48. The arrange 
ment includes furthermore a ring register 86 consisting 
of storage elements, in the present case 17 elements 50 
through 66. This number may be larger or smaller 
and is chosen only for the purpose of representation. 
The element 67 of the ring is connected to the accumula 
tor element 40 and is used as addend register. A counter 
68 is connected to the connecting line between the ac 
cumulator element 40 and the element 67. 
When the numbers a and b are to be added with this 

arrangement, the number a is introduced from the num 
ber converter 7 by way of the accumulator element 40 
into the numbers cellar. This number is then introduced 
into the ring so that the ones digit occupies the storage 
element ‘50, the tens digit occupies the element 51, the 
hundreds digit occupies the element 52 etc. The num 
ber b is then introduced into the numbers cellar in such 
a manner that the most signi?cant digit occupies the ele 
ment 30 and the succeeding less signi?cant digits are in 
troduced into the following elements (the numbers cellar 
may contain further previously introduced numbers in 
further storage positions: these numbers are shifted to 
wards the right in FIG. 5 when a further digit of a num 
ber is introduced.) The next operation is the shifting 
of the operand b from the numbers cellar towards the 
left into the appendix until the last digit, i.e. if it is a 
number without point, the ones digit arrives in the storage 
element 41. 

In order to take care of the point existing in the num 
ber a counter 68 is used. This counter is connected to the 
adding element 67. The counter is counted up when the 
number a is shifted from the numbers cellar into the ring 
and counts therefore how many places behind the point 
are present. When the number b is shifted from the 
numbers cellar into the appendix the counter is counted 
down from the place of the point on. Two cases should 
be distinguished: 

(1) When the counter is set to zero before the ?nal char 
acter arrives, i.e. in case the number b has more digits 
behind the point than the number a, the ring is shifted 
synchronously up to the ?nal character. i.e. zeros are 
introduced into the ring and the number a moves fur— 
ther into the ring in the direction of the arrow 71. 

(2) When, however, in the other case the ?nal sign ar 
rives before the counter has been set to zero, i.e. when 
the number I) has less marks or digits behind the point 
than number a, zeros are introduced into the appendix 
until the counter reaches zero. 

The numbers a and b are now positioned in such a 
manner that in the following addition the points of the 
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two numbers meet simultaneously in the elements 40 and 
67 respectively. In carrying out the addition, the num 
bers present in the element 67 or in the accumulator 40 
respectively are added and the result is introduced into 
the numbers cellar. The zeros which have been in~ 
troduced either into the ring or into the appendix are 
added With the digits of the number which are taken 
out of the appendix or of the ring. The addition is car 
ried out successively for each mark or digit of the num 
ber and takes into account the carryover in a known 
manner until the ?rst end character arrives. If the end 
character arrives ?rst in the element 67, the addition 
continues until the second end character arrives in the 
accumulator. If the end character arrives ?rst in the ac 
cumulator, zeros are added until the end character ar 
rives also in the element 67. Any carryover which may 
be present is then noted and the number is shifted one 
more place into the numbers cellar. 

In carrying out a multiplication the arrangement oper 
ates as follows: for simplifying the description the mul» 
tiplier is abbreviated as “mcr” and the multiplicand as 
“mand.” It may be assumed that the mcr has been 
introduced into the numbers cellar before the mand. 
Then the mand is shifted into the ring as in carrying out 
an addition and the counter is counted up from the point. 
Zeros are then introduced into the appendix. The next 
step is to examine the most signi?cant place of the mcr 
and to store it if it differs from zero. Then the mand 
and the appendix are added as in carrying out an addi 
tion. The mand is shifted undestroyed into the ring in 
the direction of the arrow 70. When the last-place of 
the mand is reached the ?nal carryover is effected also in 
case it is Zero. The number present in the ring is then 
shifted back in the direction of the arrow 71 and the 
?rst partial sum in the numbers cellar is shifted syn 
chronously in the direction of the arrow 72 into the 
appendix until the initial position of the mand and at 
the same time of the partial sum in the appendix is 
reached. The next addition of the mand follows and a 
new partial sum is formed in the numbers cellar, while 
the mand is shifted back in the ring with simultaneous 
shifting of the new partial sum into the appendix. This 
operation is repeated as many times as the ?rst digit of 
the mcr indicates. 

The partial sum is then shifted for one place in order 
to carry out the multiplication with the next decimal 
mark or digit of the rner until all digits of the mer have 
been exhausted. The marks or digits of the mer al< 
ready used up can be discarded step by step. When the 
end character in the mer arrives, the result is shifted into 
the numbers cellar. 
The counter is counted up during the multiplication 

process for each digit of the mer until the point of the 
mcr arrives. The counter 68 is then stopped. When the 
results is shifted into the numbers cellar the counter is 
counted down for each shift, and the point is set as soon 
as the counter indicates zero. 

Another example of a numbers cellar combined with 
the computer is represented in FIG. 6. in this case. the 
numbers cellar N.C. has the form of a ring 81 with n 
digital elements. The individual elements of the ring 
consist again of storage cells which are able to shift 
their contents into the next succeeding storage element 
in the direction of arrow 84 when a new digit is intro 
duced at the element A smaller ring 82 having in 
elements with the same shifting properties and a ?xed 
element Zm as point of introduction is provided for car 
rying out the function of a multiplicand-divisor-register 
(abbreviated MD register). An adding device as Well 
as a transfer device are provided between the input ele 
ments Zz of the numerical cellar and Zm of the MD 
register. The MD register is at the same time the upper 
most story of the numbers cellar and therefore is always 
occupied by the uppermost operand (addend, multipli 
cand, divisor). 
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The operations of addition, subtraction, multiplication 

and division are explained below, each in an example. 
For carrying out an addition or subtraction the follow 

ing problem is to be solved: 

In this case a is a number with the marks or digits a1. 
a2 . . ., an and b a number with the marks or digits b1, 
b2 . . . hm. The number a is introduced into the MD 
register in such a manner that an is located at the left 
of Zm and the remaining digits of the number follow on 
the left side. 
The number b is introduced into the numerical cellar 

81 in such a manner that the digit b1 is located at the 
right of the input element Zz in element Zp and the 
remaining digits follow to the right-hand side. At the 
beginning of the operation a shifting towards the left 
side in the numbers cellar in the direction of the arrow 
83 is initiated simultaneously with a shifting towards 
the right side in the MD register in ‘the direction of the 
arrow 87 until the two decimal points are present in the 
input elements Z1. 
The addition b1+ai+carry-over=>c1 is now carried 

out digit by digit into Zz and a simultaneous shifting 
in the direction of arrows 84 and 87 of NC and MD 
up to the highest digit (:1 or b1. The digits c1 of the 
result are introduced beginning with c0 (highest carry 
over) from the numbers cellar 81 into the MD register 
while simultaneously shifting the two rings towards the 
left up to the digit cm. Zeros or empty characters may 
be introduced simultaneously into the numbers cellar at 
the left of Zz. A further shifting of the MD register 
in the direction of the arrow 85 follows in the second 
of the above-mentioned cases, until the digit cn=an 
arrives in ZM or has just passed this input point. 
The subtraction is carried out in an equivalent man 

ner. For a multiplication, e.g. 

the original position is the same as for the addition. 
The digit present in the cell Zp may be the multiplier. 
At the left of hi the numerical cell is occupied by zeros. 
The multiplication is carried out by m repetitions of the 
following cycle: The content a of the MD register is 
multiplied digit by digit with the mcr digit in Zp and 
the MD register as well as the numbers cellar are shifted 
simultaneously towards the right. The multiplication is 
effected by adding MD into the places to the left of Zp 
as many times as the number present in Zp indicates. 
Then the MD register and the numerical cellar are shifted 
towards the left until the MD register is‘ again in its ini 
tial position in which an is located at the left of the input 
element Zm. Then the old mcr which is now again 
in the element Zp is erased and the numbers cellar is 
shifted towards the left for one mark or digit whereby 
the next mark or digit of the mer is moved into element 
Zp. This cycle is then repeated until number [1 has 
been completely used up. The position of the decimal 
point is determined by counting the places behind the 
point in both factors. 
The product 1: is found after carrying out this opera 

tion at ?rst without point in the numbers cellar at the 
left of the input element Zz. The product c is trans 
ferred into the MD register by shifting the numbers 
cellar and the MD register towards the right and intro 
ducing the point. Subsequently, the two rings are shifted 
towards the left until the last place of the result 0 is lo 
cated at the left of the input element ZM and the ?rst 
place of the number following I) at the right of the ele 
ment Zp. 
A division is carried out by repeated subtraction of 

the divisor from the dividend and by subsequent single 
back addition of the divisor for setting back the re 
mainder. It is also possible to effect subtraction and 
addition alternatively in the manner known as non-restor 
























