ON A DIGITAL COMPUTER WHICH CAN BE PROGRAMMED IN A
MATHEMATI CAL FORMULA LANGUAGE |

- BY
L. KALMAR /Bzeged/

The description of a computer is sketched whose prograﬁ ;angqua'/aa
a matter of fact, a variant_bf the program language used im connection with
Liapunov®s operator method/ is cloge to usual mathematical formula language.

PHE PROGRAM LANGUAGE. l. Primitive symbols: 1,1. digits 0,4,...9;

1,2, decimal comma; 1,3  number end symbol 1 ; l,4. simple vari-~
ables /any letters which are wanted to be used as denotations of scalar

quantities/; 1,5. array identifiers /any letters, different from simple



variﬁblaa, which are wanted to be used as denotatlions of vectors, matrices
etc./t 1,6. arithmetical perentheses (.) ; 1,7. subscript br.ckets
[,111,8. subsoript delimiter, ; 1,9. arithmetical operation symbole
+, ~,x,/, % /for exponentiation/, 'V, * /for standard one srgument ele-
; 1,11
logical connectives A,A,V,V,=,A e 45,1 12 storage symbols $,>~;1,l§.
label delimiter J ; 1,14. jump symbole I, ", L. ; 1,15. Loop braces {, };
1,16, 1loop delimiters 4-.,<_>, :. Jeolon/t 1,17. array size zymbol @,
1,18, printing symbo) # ; 1,19. continuation symbol; /semicolon/i 1,20 .
stop symbol . /full atop/.

2+. From these primitive symbols the following compound symbols are

mentary functions/3 1,10, relation symbols = ,#,<, 2:> 1§

bullt:s 2,1, /non-negative integer/ numbers, i.e. finlte sequences of
digite; 2,2, /non-negative/ constants of the form v} or v,v™M
/v, v’ denoting numbers/; 2;3. subscripted variables 1 [€qrEzp-pEal,
1 denoting an array identifiex end &,,€a2,...,E&9 expressions not
conteining subsoripted variables, 2,4. A constant, & simple variable
or‘ a subscripted variable is called a term and at the same time, an
expression; 1f T, apd T, are terms end © 18 an arithmetical
operation symbnl, (1." ® T2) is & term and Ty 8 Ty an expressions
nothing elee is a term nor am expreasion. 2,5. I2 &, and £; are
axpreasiona and A is a relation symbol, (&; 2 £3) is & parenthe-
sized formula and €44 £3 & formulas if ¢, and <¢py are
perenthesized formulae end [J i3 a logical connective, (4, O ¥,)
is s parenthesized formula and @, 0 ¢, a formula; nothing else
is a formula nor a parenthesized formula. _

3. Out of expressions and formulas operators, array declerations,
partial programe and programs are built as follows: 3,1, for any expres-
slion & and any /eimple or subscripted/ varisble ©, £ v; , g >0v. ,
Eddk;  E2% ., and . /the atop symbol elone/ are arithmeticsl
operators, and nothing else is an arithmetical operétor; 3,2 foxr any
formula ¢  and any numbers v and v, ¢yl , ovl., ¢y Py“L. and v




/and nothing else/ are logical operators; 3,3. for any simple variable

P, for any expressions £4,€:,E3 for any paviial progrem and
any formuls @, {peeED £5:%} and {pe £,{6>: 7@} /and nothing else/
are loop operatorsi 3,%. for any number v  and any /arithmetical, lo-
gical or loop/ operator w, v.Jw /and n~thing eise/ is called & labelled
operator, ¥ its label for that of w / and W  is sald %o be label-
lied by v;3:5. for any expressions E£4,&;.--) £ and any array ldenti-
fier L, €, ® £, ® ... ® g, > /and nothing else/ is calied an array declara-
tiong 3.6« any sequence of cpsratonrs and/or lebelled operators is called’
a partial program and also a programi 8ny aequexice of array declarators,
sperators and/or labeiled operators is called a programj nothing eise is a
partial program o™ 3 DPrOgIrams |

The /semantical/ meaning of the notiona defined /syntactically/ thus, -

#1411 be explained by the following remarks and examples. /242./ The symbol

1 9 {ndicsting end of a constant, will simplify some orders in the
axder list of the computer; at the cost of their complication, this symbol
ren be dispensed with. /2,3, 1,8+/ If, ecge, A /the name of a vector/,R
/the nasme of a matrix/ and c /the name of a three dimensional array/
are array identifiers and (.j,K are simple variables, say, then Al
denotes the ith component /usually denoted by Ag / of A.B[i’j] the
slement /fusually denoted by Bij / in the ith  row and }éh column of

B anda Clipip k] the element in the it" row, jth column and
_ kth  1ayer of C./2:4; 1,9./ For each standard one argument elementary
function /besides exponentiation and root extraction as two argument funu-
tions/ a subroutine, identified by a distinction number, has to be hullt
into the computer. The value of any standard one argument elementary func-
tion is regarded ae the result of an operation, denoted by * , the left
and right compdnenta of which being the distinction numbt.p of the corres-
ponding subroutine -and the argument of the function, respactively. However,

the use of the customary notations 88 sin X, e, is allowed, provided




that e.g. the word sin is coded in the same way as (v71 %,V denoting
the distinction number of the subroutine for sin. /The lack of the right
parenthesis do.es not matter./ /3,1e/ The arithmetical operator & = U
or £# v, meanst compute the value of & /for the actual values of
the variables figufing there.’ui/ s replace the value of ¢ by the value
.computed thus or give v thia value if it did not have a value prefri-
ously, and i)i'oceed serially or stop, respectively; & =2#; or £ %# .
means: compute and print the value of £ énd proceed' serially or stop,
respectively; . means: stop. /3,2./ The logical operastors @V M ana

({?Vl- mean: compute the truth value of ¢ and jump to the operator
labelled by ¥ if this truth value is "true" and if it is "false", res-
pectively, otherwise proceed serially; tpvl"v’L means: compute the truth
value of ¢ "and jump to the operator labelled by V or v’ accordling
as thiﬁ truth value is "true" or "false" respectively; v[{  means: jump
to the operator labelled by Vv « /3,3./ The loop operators {p<=&<€,)53:1r)
and {p@ £¢<€3> :ttp} mean: perform the partial program =N succeseively
for the values &,,€,+E&p, €1+2&3,..« of the parameter p until its va-
lue does not exceed ezl y &nd .until P is satisfied, respectively, and
afterwards, proceed serially, £4.E; and €3 denoting the values of
these expressions before the first performing of %  whereas in ¢
each variable has to be meent to have its value after the actusl performing
of X. /3,5./ The array declaration £19€6,® ..., t means: 1 is
an array with /the value of/ £,.£,,., &, &s the number of its rows,
columns etc. )

In the case an array declaration contuins a simple variable to which

no value has been given by a previous operator, or a subscripted variable,
to which no unique previous array declaration /with t.he same array identifier
as that in front of the subacript‘ bracket/ correaponds'/ "previous" meant .
always in dynamic sense/, or the values of its subscripts do not match with
this "a::.'ra:,_y 'declaration. or a logical operator contains /in front of the

symbol (,L or {7 / a number which is not the label of an unique



operator, tie operatof or array declswatlon in nucetion, and any artial
prograwm, loop operator or prosram con:niuinz ity 1as 4o ne regarded as
meanlinglens, '

THZ COMPUTER. Besides the number of o ::ible simple veriables, array
identifiers and the total number of possible array élements, determined by
the memory capacity of the computer, the folliowing data are repgurded as
essential capacity_data of the computer: /1/ the maximal number n  of
nested pairs of parentheses; /2/ a number m such that the numbers
0.4,2,..-tv  and only these are allowed to be used as icbels /3/ the
maxiﬁal dimenaion d of arrays; /4/° the meximal number X  of nested
pairs of loop braces, _

The principial units of the computer contain the following sub-units
and registers. _ |

1. Input. /1/ . A perforator /or the like/ for preparing the program
vape. /2/ A tape reader transferring the code numbers of the successive
primitive symbols of the prégsram in the prozram tnpe into the mémory unit
as successive components p[U].P[1].P[2].--J of a "program vector".

2. Memory unit. /1/ A.part of its cells, addressed by the code numbers
of the simple variables, is reserved for atorage of the /changing/ values
of these variables, /2/ Another part of its cells, addressed by the code
number of the array identifiers, is reserved for storage'of informations,
each packed lnto a single word, about the initisl address and the address
steps corresponding to the increase by 1 ol the subscripts, of the corres-
ponding array elements. /3/ The rest of the memory cells serves for storapge
of the /changing/ values of the array clements, the componen’ts of the proge
ram vector included,

3. Arithmetical unit. /1/ Computing units for performing the elemen-
tary arithmetical operations (+, -, X, /) as well as the- operations
corresponding to the elementary arithmetical relations (=,#,<,2,>,%
and lopical connectives (A,K NV, =, e, e, o ), further built in

subroutines with autozaticnl return teo the arenran, for performing exponen-



tiation and root extraction as' well as the standard one argument elementary
functions. /As the operation corresponding to an arithmetical relati.n &,
or to a logical connective 0O any arithmetical operation may be chosen
whose result, performed on @ and b » 1s positive if and only if
a4b or (a>0)0(b>0), resps holds true. Each computing unit or built
in subroutine has, according to the number of components of the correspon-
ding operatiocn, ome or two input registers as well as an output register
/for the result of the operation/, /2/ A converter for conversion of
constants written in decimal form to machine form /binary, say/. It contains
an output register COR, containing 0 in the initial state, as well as
a conversion factor register CFR ) contain;}.ng 10 in the initial state.
and able to contain negative powers of 10 as well. /3/ n+{ arithmetical
blocks ABo :ABn-u ;ABn of four registers LORi ,OpRi ) ROR; and
RR& ({=04,...,n} each, Their initial or “"empty" state must be different
from any state in which they contain, or "are filled by" any real numbers.
/even O/, If the registers -LOR,‘, and QORl are filled by the components
a.nd. 'OpR( by the code number of the symbol of an operation (+,—-,><,/,
f,v,*, - or that corresponding to =, ¢, <, 2,>%, A,K,V,\—I-,-»,-h,",#.r)
the contents of LOR{ and ROQ( are automatically transferred ixito the
in_but: reglsters of the correspénding computing unit or built in subroutine -
/in thé case of the operatinn * , the content of RORi is transferred %o -
the input register of the subroutine for a standard one argunent &lementary
function having the content of LOR‘ as distinction number/. After PO
-foming the required computation, the result is automatically transferred
from the output register of the computing unit or subroutine into RR.‘,
and from this register, provided (> 0, into that of LOR i-§ or RORH: _
by which previously RR[ has been "comnected". At the same time, LOR;,“
RORE ,OpR,- and RRl are cleared and the said connection broken. /4/
An a.dd.rea_s computing unit containingra free cell register FCR for keeping
the address of the first memory cell available for storing array elements
/containing in the initial state, after. reading the progrmh tape, the



address of the first memory cell for array elements, not taken up by the
program vector/, further an address register AR as well as d+! address
step registers ASRp,ASR,,..., ASRd  and an output or information register
IR . In the initial state, ASR, has to contnin the number 1, whereas
ASR,,...,ASR4the number 0, |
4, Control unit. /1/ An order counter OC. /2/ An order register
OR. /3/ ™o control register CR and CR’ the first of which for
keeping a distinction number of one of the registers LORD,RORO,RRO,LOR,,ROK,
RA,,.. ,LORn,RORn,RRn.IR PR.,PRQ, ,PRk /in the initial st:ate, of LOR, /s
called the active register, whereas ‘the second for keepmg the content of
CR  while the latter is engaged in computing the valdes of subscripts of
wrray components. /4/ A loop counter LC counting t_:he number of loop
perators performing of which has been started but not yet finilshed /con-
nihing O 1in the initial state/. /5/ rﬁﬂ jumping- place regisfer JPR,,
2, +1JPRm  for keeping the addresses of the code numbers of the first
-abols /as components of the program vecﬁprl of the operators labelled by
Mo m, :respectively. /6/ k pa.i‘amete:r' registers: PR,, PR,,
ng for keeping the code numbers. of" the parameters of loop operators;
!‘7/ % perameter gtep register PSRq..PSRz,..-,.PSR_g'i . /8/ k final
value registers FVR,, FVR2,0.7.FVR;‘ s 79/ k. locﬁ‘ start registers
LSR“LSRZ,-.-, LSR . Provided, LC - contains i(= 1.;2'...,k), PR; is
called the working parameter register. L - '
5. Output. /1/ 4 printing reglster - er for keeping the real number
to be’ printed until its being re-converted _Lnto decimal form and printed.
/2/ A re—cc'mverter for comnversion of the content of the PrR  from
machine form into decimal form. /3/ A telepnnter /or the like/ for prin-
ting decimal /real/ nunbers.,

The order list of the comimt’er. After typing the program tape on the

perforator, inse-rtihg_it into the tape reader and pressing the start button,
the code numbers of the successive symbols of the program are transferred

into the memory, otherwise all memory cells and reé;isters are clearced un-



less their initial state has been given above in which caee they go over
into the initial state. Moreover, the information word indicating the irii-
tial address as well as the unique address step 1 of the program vector
/the others being 0/ is stored into the memory cell addresced wifh the code
number of the array identifier P usea as the name 6f the programrveétor
and the computer starts to work with the initial address of %he'proérém |
vector a4s content of the order counter. In each working cyclé of the .
computer, first the content of the memory cell addressed with the content
of the order counter is transferred into the order register, then-the
‘content of the order counter is increased by one, finally the order corres-
ponding to the content of the order regisfer ié performed according to the
following order list, after whica the next working cycle begins, In ata-
ting the order 1list, the content of a register is denoted by putting its
name into parentheses, and the content .f a memory <¢ell addressed by the
content of & register 1s denot:d by putting the name of the latter into
éouble parenthesea, further usual math. matical notation as well as the

notation = is used.

Order 1iat
Primitive symbol .
the code number ' Conditipn l Order to be performed
of which eguals (OR) L :
A digit & /1 (CFR) uwo (CFRYCOR)+8 = (COR)

).

72/ ("R} 410 (CORM+S(CFR) » (COR),

afterwards 0,1 (CFR) = (CFR)

A decimal comma, Col # (CFR)

A number end symbol < /1/ a LOR; active (CQR)#(LOQ[), lO:(CFR)
atterwards 0 » (COR)  ana
activate OpRi

72/ an ROR, ac- L
tive, CR” empty  (COR) » (ROR;),  10s(CFR),

10 v



Primitive symbol

the c¢ode aumber

£ which equals (OR)

Condition

Order to be performed

A simple variable

/3/ an ROR; ac-
tive, (CR") equals
the distinction

number of LOR'P or

ROR,

/1/ a LOR; active
/2/ an ROR{ ac-
tive, CR” empty

/3/ an ROR; acw
tive, (CQ')equals
the distinctlion
nunber of LORP
or RORP

11

Pc.jo:i

afterwards C & (COR), ard
activate the OpRj with
maximal j<i for which
OpRj empty, or, if such a

i does not exist, RRO

(COR) = (ROR{}, 10 = (CFR),
afterwards 0 = (COR), ang
activate the OpRj with
meximal P <j<i for which
OPRj empty, or, if such a

j does not exist, RRP"'"‘
((OR)=(LOR) ana activate OpR;

((OR)) » (RORL) and activat.e
the OpRJ‘ with maximal j<i
for which OPQ}' empty, or, if

such & | does not exist KRR,

{{OR) = ( ROR;) and activato
the Oij with :glax'imal
for wiicn OpR;




Primitive symboi
the code number Condition Order to be perfurmed

of which equals (OR)_

empty, or, if such a
does not exist, RRDM
74/ RR, active (RRg)» ((OR), cilear RR,
fi.e. put 1t into the initial
state/ and activate LOR,
/5/ a PR; active (OR)=(PR;) ana activate LOR,

An array identifier 71/ IR active (IR)> (OR) and activate LOR,
| ' ) /2/ = LOR,; or ' |
ROR; or RR;

((=0) active unpack {{ OR)) , considered

as information word, into
an initial add.ress and d
address steps, » (AR), (ASR,)
(ASRp), ..., (ASRY) , atter-
wards (CR)s (CR”) ana
activate LOR,_- )

A left parenthesis ( a LOR; or ROR;
active connect the active register
with RRLH  and activate
LORi.H
A Tight parenthesis ) | no operation
A left bracket [ : no operation
A right bracket ) 71/ an OpR; ac-  code number of + » (0pR)),
‘ ' tive ‘ - Os(RORL) , afterwards as
1in /f2/ |
/2/ an RRl ac- (AR)+ (RR;)(ASR,) = (0R),
tive afterwards (CR’)$(CR) s

afterwards clear CR” |

12 v



Primitive symbol

the code number Condition Order to be performed

of which equals (OR)

afterwards as in the case of a

simple wvariable

" A suvscript /1/ an OoR.  ac-
deliniter p tive code number of + = {OpR,)
0= (ROR;) , arterrards as in
/2/
/2/ an  2H; ac—
s (AR)«(RRH{AS)) > (AR), after-

wards successl oy (ASRz) =
2 (ASR,),..., (ASR ) (ASR4_4),
04 (ASRy) and activite LOR;
An arithmetical
operation symbol,
relation symbol or
logical connective an OpR; active (OR): (Op™;), act: :te ROR;
A storaze symbol % 71/ OpR,  active code nurbe.. o+~ (OpR,),
0> (ROF ) azterwarde as in /2/
72/ RR, active  clear LOR,,0pR, and ROR,
A storage symbol >- /1/ OpRo active code number of + = (Opr\’o),

. Oﬁ(ROQo),afterwards as in /2/
/27 RRO active,
(ASRi) =4,
(ASR, =0 (RR)(ASRj)»(ASR;) for | =

=04,..., {, 1¢(A5R£_+1), .
afterwards clear LORO,OPRO,RORO
and RR, , pack (FCR)as initial

address and (ASRJ, vy ( ASQd)

as address steps into an informe

13 ' v



rrimitive symbol
the code number Condition Urder to be performed

of which equals (OR)

ntion word, = (IR), afberwards

(FCQ)*(ASRo)?(FCR),aftorwards 1>

#(Aspo)and 0= (ASRJ) for
j=1.2,...,d, and activate LR
A label delimiter _ (COR) = ¢ (OC)f?(JPR-l). 10=(CFR), 0= {COR)
A jump symbol [ 71/ (CORY = (,
' Rnoempty or
(RR)> 0 (IPR;)=»(0C), 10=(CFR), 0= (COR),

clear LORO ,OpRo , ROQQ and QRQ
and activate LOR,

72/(RRY€ 0 40(CFR), 0= (COR),
clear LORO,Oon, ROPO and
RRO and activate LORO

A jump symbol ™ /17 (COR) =
(RR>0 as in the case of a jump symboll
| 72/ (RRY 20 10 = (CFR), 0= (COR)
A jump symbol L 717 (COR) = {,
- (RRp)s o0 as in the case /1/ of a jump
symbol [
/2/ (RRO)’O as in the case /2/ of a jump
symbol M
A left brace { (LCY+1 = (LO), afterwards active- _
te the working parameter register
A right brace} /x/ LORQ active,
| (LC) = ,
(PR +
+(PSR,) £ |
£ (FVR)) (PRI +(PSR;) = (PR ),

(LSR,) » (0C)

14 ' : v



Crinltive oymbol

the code nunber CondGition

/:%/LORO actliva,
(LCY=(,
((PQL)H
+(PSR; ) »
> (FVR;)

/3/RR,

(RR,) > 0,
(LC)= ¢

of whicy eyurdy (OR)

activre,

/4/RR,
(RR) €0

active,

A Goop delimiter <4

A 160p delimiter < ' ;’.i/Opgo active,

(LCY =1

/E/RROI active,
(LC) =i

4 loop delimiter >

A loop delimiter:

15

vrder to be periormen

(LCY - 1= (LO)

as in /1/, afterwards cleoxr
LOR,,0pRy, RORy ana RR,
and activate LOQO

as in /2/, aft:e..rwards clear
LORO IOPR0| RORO and RQO
émd activate LOQG

no 6pe ration

code number of + = \{OF’DQQ),
0= (RORO), afterwards as in
/2/

(RR)=((PR)c1ear LOR,,
OpR,ROR,ana RR,
tivate LOR,

as in the case of a loop de-

and ac-—

limiter ( however, with
(RRJ#(PSRQinstead of (RRO)Q
> (PR

as in the case of a loop

delimitex < » however,'



Primitive symbol - - R,

the code number B : Cbnditio.r; Grder to be rerfornad
| ‘of which equals ( OR) e o
with (QR@}\ F YR, }1ns sead
o of RRSY =» (PR, ))! further,
An srray size. o (0C) = (L
symbol @ | /1/ OpRo  mctivs ¢ode number of + o . {};“;Qﬁ);
| | 0”“%(&0@3) 3. afterwn: e as
L ia /2/ ‘
72/RRy.  setive, |
(ASR)) = 1,
(ASR H-‘i) (QQQ}{!‘MH}W(AS%&QZ? j =0,

A printing symbol #

‘A conmuation mbol 3
‘A stop symbol

oot 19 (AR, ) arter
wards clear LORQ ,OpRn, QOQO

-and QQ‘Q and aétivate LOQO

(RR,) = (PrR}, afterwards
clq’gr_ QRD
LORy . During continuation

‘&nd activate

of performing the program,

{PPR) will 'be Te~converted
450 deelmel form and prime:"a'
nt nperation

stop

By slight modiﬂcationa of the order lisi, some conveniant changes
" of the prosram languaga can be mede pcssibla, E. go for any term T, {+1)

:and (-‘t‘) oan be nguded as terms and +*r

B provided the order liat 1n the case if { OQ)

“and ~-T as expressions

equals the code number of

E .__t:he symbol + or - will be- appropriately changed .

- 16




