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Fig. 6. Typical gating stage and correspond-
ing Boolean expression
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Fig. 7. 5-bit parallel binary adder

AND-gates with three inputs each), as
shown in the top line of equations 2, to
three alternative forms each involving
fewer terms and factors.

Since the expression for Sy in equation 1
can be implemented in one gating stage,
any sum digit can be made available dur-
ing the clock phase immediately following
the formation of the preceding carry, Cy—1.
The speed with which successive sum
digits are formed is therefore determined
by the speed with which successive carries
are generated.

Since each carry is explicitly dependent
upon the immediately preceding one in
equations 2, successive carries can be
generated one clock phase apart, ie., at
the rate determined by the time interval
between stages. Using any one of the
equations in equations 2, if C; is formed
during the first clock phase, C, can be
formed during the second clock phase, C;
during the third clock phase, etc.

Simultaneous Carry Generation

It will now be shown how Cj can be
expanded so as to be independent of the
previous carry. For the moment the
dependence of a carry upon the appro-
priate augend and addend digits will be
neglected. Then, from equations 2, C;
is a function of Cy—i, Cy—1 is a function of
Cy—s, etc., so that Cy can be expressed as a
function of Cy—s». In fact, C; can be
further expanded in this fashion until it is
a function of Cy_s, then of C_4, ete. The

Ist. 4 3 2 1
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|
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2 btock m? e
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CARRY
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PHASE clolerel |
s RRSEEREE
PHASE [S!S|/S|S|S[S|SiS|S SUM
Fig. 8. 9-bit parallel binary adder

limit to this expansion is set by the limit
to the gating complexity permitted with
the circuitry.

The last of equations 2 is particularly
important because of the ease with which
it can be expanded so that Cj will be
independent of a number of previous
carries. Equations 3 show how each
additional order of expansion adds only
one term to the expression for C; and only
one factor to the largest of the terms.

Cr=AxBy+(4x+ Bg) Cr
=A;By+(Ay+Br)Ag—1Bra+
(A4 Bp)(Ag—1+Br—1) X Cy—s
=AyBy+(4x+Bp)Ag1Bra+t
(Ax+Bi)(Ag—+Br—1)Ar—2Br_a+
(4x+Bp)(Ag—1+Br—)
(Ar—2+By—.)Cr—s
=etc. (3)

Applying the foregoing method for
expanding the carry function, how many
successive carries can be generated sim-
ultaneously is next determined. Be-
ginning with the least significant carry,
C, four successive carries are shown in
equations 4 to be functions of Cy and to
consist of no more terms and factors than
can be implemented by the physical gating
structures outlined previously.

C1 A1B1+(AI+B )CO
Co=A3Bs+(As+ B3)A4:1B:1+
(As+B)(A1+B1) G
=A;3Bs+(As+ B;s)A4:B+
(As+Bs)(A2+B:)A1Bi+
(As+Bs)(A2+B2) (41 +B1)Co
C4=A4B4+(A4+B4)A333+
(A4~ By)(As+-Bs)A:Ba+
(As+By)(As+ Bs)(A2+Bs)A1B1+
(A4+By)(A5+B;s)(A:+B2) X
(A1+B1)Co
=A44B4+(4s+By)AsBs+
(A4 By)(As+Bs)A4:B:+
(As+Bi)(As+Bs)(As+By) X
(A4i+B)(41+G)(Bi+Co)  (4)

It can be seen that the first expression for
C, in equations 4 consists of five terms
and therefore cannot be formed in one
gating stage in this manner. However,
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Fig. 9. 14-bit parallel binary adder

sc'LocKIZAIA{AIAJA\AIA\AIAIA\AIAI:IAIAIA\A]AMMAI ) avseno
PHASE [g{sle|siB|B|B|B|B|B B|B|B|B s]s[s]alsicollnuoiun

Sy [F=] =
4 — I
GLOGK [x] X
PHASE Y Y cjcic
CARRY
1 GENER-
2rd o B | = ATION
4 ook = (s
T T T AT T (T
PHASE cfcfcjcicfeicicicfcjcicicicicic
1 A (A (&(A R R (ARA
BEEEE s(slals
s|s|s|s|sS s S

i
cLock (2181818
PHASE [S1S]5]s

Fig. 10. 21-bit parallel binary adder

the last two terms can be combined into
one term by means of equation 5,

A1Bi+(A41+B1)Co=(A1+B)(41+ Co) X

(Bi+Co) (5)

thereby permitting Cs to be formed in one
gating stage as shown in the second ex-
pression for Cy in equations 4.

(Co is equivalent to a digit which, to-
gether with the least significant augend
and addend digits, forms the least signifi-
cant sum digit, thus:

Sy =A4,B,Co+ 4:B,Co+4:B,Co+4,B,Co. (6)

Co is used during addition cycles requiring
the adding of 1 to the sum, such as the
adding of negative numbers in “‘ones-
complement” form.)

Fig. 7 shows in block-diagram form the
five least significant digits of a parallel
adder utilizing the above principle.
Note that the carries C) through C; are
obtained during the clock phase following
that of the augend and addend digits.
Also, the least significant sum digit, Si,
can actually be obtained during the second
clock phase according to equation 6 be-
cause it is a function of 4,, By, and Cy, all
three of which are available during the
first clock phase. However, it is desirable
in this parallel adder to obtain all of the
sum digits at the same time. Con-
sequently, delaying S; to occur at the
same clock phase as the other sum digits
is arranged.

The succeeding four carries, s through
Cs, can be formed one clock phase later in
a similar fashion using C; as the last pre-
vious carry, as shown in equations 7. In
the case of Cg, the reduction from five to
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four terms is made by combining the first
two terms instead of the last two as in the
expression for C; in equations 4, in order
to stay within the circuitry limitations
for OR-gating delayed signals. (Allsignals
passing through the same OR-gate must
originate at the same time.)

Cy=A;sBs+(A4;5+B5)C,y

Co=AeBs+(Ae+ Bs)AsBs+
(Ae+Bs)(As+Bs)Cs

Cr=A+1B1+(A7+By)AeBet+
(A7r4-Bq)(Ae+Bs)AsBs+
(A7 Bq)(Ae+Bs)(As+Bs)Cy

Cs=A3sBs+(As+Bs)A:B:+
(As+Bs)(Ar+Br)A4sBs+
(As+ Bs)( A7+ B1)( A+ Be)AsBs+
(As+Bs)(A7+B:)(Ae+Be) X
(4s5+Bs)Cy

= (As+Bs)(As+A7)(As+ Br ) (Bs+ A7) X
(Bs+B;)+(As+ Bs)( Ar+ Br)AeBs+
(As+Bs)(Ar+Br)(Ae+Bs)AsBs+
(As+Bs)(Ar+B7)(Ae+Bs) X
(45+Bs)Cy (T)

Fig. 8 extends the previous block dia-
gram to include a parallel adder accom-
modating nine binary digits. Again, the
formation of the sum digits .S; through S;
is delayed to coincide with the rest of
the sum digits.

Use of Auxiliary Carry Functions

Of signal importance is the use made of
the clock phase available between the
input digits and the carries Cs through Cs.
This extra time can be used to form certain
auxiliary carry functions which enable us
to generate additional carries during the
third clock phase simultaneously with Cs
through C;. More specifically, Cy, C,
etc., can be formed during the third clock
phase as functions of C4 if some of the
terms in the expanded relations for Cy, Cy,
etc., are combined as auxiliary carry
functions in separate stages during the
intervening clock phase.

For example, the expression for C, is
expanded in equations 8 to be a function

/

(As+Bs)AsBs
(Ao+Bo)As+ Bs)A1By

(4 s+ Bs)(As+ Bs)(Ar+ Br)(Ae+ Bs) A5 Bs

the second clock phase. Furthermore,
the single factor enclosed within the
rectangle, called Yo, can also be im-
plemented during the second clock phase
in one gating stage. By means of these
two auxiliary carry functions, C, can be
formed quite easily in one gating stage
during the third clock phase according to
the second equation in equations 8.

Similarly, Ci through C; can be formed
during the third clock phase by utilizing
these auxiliary carry functions. The
most complicated of these expressions, Cis,
is illustrated in equations 9 where further
combinations must be made to bring the
number of terms down to four.

Cis=A1Bis+(A13+ Bis) A2 B+
(Aws+Bis)(Are+Bi)AuBu+
(A13+ Bis) (A1t Bi)(An+ Byy) X
A10Bio+(A13+ Bis)(A12+Bp) X
(An+Bu)(Aw+ B) X+
(Ays+Bus)(Are+Bre)(Ay+Bi) X
(A10+Bn) Yo,y

= (A4 Bis)(As+ A1) ( A+ Bia) X
(Bis+A412)(Bist+Bi)+
(A+Bis)(Ae+Br)AuBu+
(A1z+Buis)( A+ B )(Au+Bu) X
A10Bro+(413+ B )(Are+ Bi2) X
(An+Bu)(Aw+Biu)(Xet+ Vo) X

(Xe4+Cs) (9)

Fig. 9 illustrates a parallel adder han-
dling 14 binary digits using one pair of
auxiliary carry functions.

By means of additional auxiliary carry
functions it is possible to extend still fur-
ther the sequence of carries to be formed
in one clock phase. For example, as
shown in equations 10, Cy can also be ex-
pressed as a function of C, with the aid
of auxiliary carry functions X4 and Y.

CM =

(41474 B1a)(A13+ B13)(A 1o+ Bia)(An+ B )AiBio

them to be generated during the third
clock phase as functions of C,.

If the number of auxiliary functions
were of no concern, a total of 25 carries
could be generated simultaneously as
functions of C, during the third clock
phase. However, by limiting the number
of simultaneous carries to 16, only three
pairs of auxiliary carry functions are
required. Fig. 10 illustrates a parallel
adder handling 21 binary digits utilizing
this scheme.

Two Levels of Auxiliary Carry
Functions

To extend the parallel adder to accom-
modate 53 binary digits, only one addi-
tional clock phase is necessary. During
the fourth clock phase the carries Cy
through Cs. can all be generated as func-
tions of Cp. The entire parallel array
of sum digits, S; through Ss, is then
formed during the fifth clock phase.

The ability to generate all of the carries
Cy through Cy during the fourth clock
phase stems from the fact that two clock
phases are available between these
carries and the input digits. This per-
mits the formation of two levels of
auxiliary carry functions. The first level
consists of sets of X and ¥ values which
are functions of only the appropriate
augend and addend digits, as previously.
The second level of auxiliary carry func-
tions consists of sets of stages labeled Z
and W which are functions of certain first-
level functions.

Fig. 11 illustrates in block-diagram

(10)

(A1 Bi)(A13+ Bi3)( Ao+ Bre)(An+Bu)( A+ Bio) | X

+ 4+ttt

(A1t Bi)(A1s+ Bis)(A e+ Bi2)(An+ Bu)(Aw+ Buw) | YsCy

(8)

+
+
+|(Ao+Bo)(As+Bs)(A1+Bq)AsBs
+
+

(As+Bs)(As+ Bs)( A1+ Br)( Ao+ Bo)(As+ Bs) [,

The outlines drawn around the various
parts of equations 8 serve merely to
correlate the corresponding parts. The
five terms enclosed within the triangle and
represented by Xy can be reduced to four
terms by combining the first two, The
reduced 4-term expression can then be
implemented in one gating stage during
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These again represent the terms within
the triangle and rectangles, respectively.
Ci5, Cis, and Cyr can also be implemented
in single stages as functions of C, using
the two pairs of auxiliary carry functions.
Cis, Cro, and Cy require still another pair
of auxiliary carry functions in order for

form the complete 53-bit adder which
makes use of second-level auxiliary carry
stages. As in the case of the preceding
carries, Cy through Cj are generated as
functions of the appropriate augend and
addend digits, some of the first-level
auxiliary carry stages, and Cx. For
example, the most complicated of these,
Cs, is shown in equations 11 to be reduc-
ible to four terms.

Co= A32Bsz+(A32+Bsz)Aa1le+
(Ag2+ Bs:)(Ag+ Byt ) A0 B+
(As+Bs)(An+ Ba)(Aset+ Bso) X+
(An+Bs)(Aan+ Bau)(Awn+Bw) X
Y2 Xos+(As2+Bg)(Aa+Ba) X
(Ago+Bao) V2 Y25Co0

Weinberger, Smith—Logical Design of a Parallel Adder



=(As+Ba)(Asn+An)( s+ Ba) X
(Bsa+Aa1)(Bse+ Ba)+(Ase+Bsg) X
(A1 Bs)A 3Byt (As+Baz) X
(As+Ba)(As+ Bso)(Xze+ Vo) X
(X20+Xo5)+(Ase+Bas)(An+Bsi) X

(Aso+Bso) Voo YosCoo  (11)

The next higher order carry, Cs, requires
a third pair of auxiliary carry functions,
X3 and Vi, as shown in equations 12.

Table ll. Auxiliary Carry Functions

Xy=Fo+ ReRsD7+ R9RsR:D¢+ RoRsR1ReDs
Xu=Fu-+RuRuDi2+ RuRuRi12Du + RuuRuR12RuDie
X1s= Dis+ RisD1r+ RisRuDis+ RisR1zR1sD1s

Xas = Fa5+ RasRasDoa+ Ros R4 Ra3Da2+ Res R4 RasRea D
Xo29= D29+ RaoDss - RasRosDar4- RagR2s Ror D

X33 = D33+ RasDaz - RsaRs2 D1 - RasRs2 Ran Do

Xis = Fa3+ RssRyrDss+ RssRarRasDs -+ RasRarRas RasDae
X3 =Fa3+ RasResDs1 + RasRsaRa1 Do+ ResRaaRai Ra0Dss
X3 = Fag+ RasRurDas+ RasRerRas D5+ RisRarR4sRasDas
Zyy=Xp+ YuXeo+ Vs Y2 X5

Zas =X+ YuXu+ Vs Vs X0+ Vs V33V 20X 25

¥9 =RyRsR1ReRs
Y14=RuRuRi2RuR10
Y13 = RisRirR16R15
V35 = RosRe4R23 RoaRo1
V29 = R2oRssR27R26
Y33 =RyuRs2RaRao
Y38 = RisRs7RseR35 R4
Y4 = R43R2Ru1R10R39
Y18 = RasRy7R46R45Ra4
Wis=¥Y3¥V20 V25
Wis=YV33V29Y25

However, at this point it becames econom-
ical to form a pair of second-level auxiliary

Ziy=Xu+ VX4t VisVsXs+ Vi Vas Vas(Xoo+ Yao) (Xag+ Xos)
Zi =X+ YisXa+ Vs YVas(Xas+ Vas) (Xas+ Xaz) +
YisV13V38Y33( X290+ Vao) (X29+ X25)

W= Ya3V3sV33V20 V25
Was= VYV VsV V20 V35

carry functions, Zs;, consisting of terms
within the solid-line triangle, and W,
consisting of the single term within the
solid-line rectangle. Cj; can then be
easily generated by means of Zs and Wi
as shown in equations 12. The elements
enclosed within the broken-line triangles
and rectangles correspond to the first-level
auxiliary carry functions, X3 and Y.
The subsequent carries, Cy, Css, etc.,
are similarly generated by means of these
and, when necessary, other second-level
auxiliary carry functions. For example,
for the carries up to Cs, one pair of second-
level functions is sufficient, as seen from
equations 13. Cys requires the formation
of another pair of first and second-level
functions, as shown in equations 14.

Dy, represents Ay By,

Ry, represents (A -+ By)

Cor=AuByi+(Asr+ Bsr)AseBss+
(As1+Bs1)(Ass+ Bss)AssBss+
(Aar+Bs1)(Ase+ Bis)(Ass+Bss) X
As3Bss+(Aszr+ B3 )(Ase+Bss) X
(Ass+ By )(Asst+Bsi) Zss+
(Asr+Bs)(Ass+ Bss)(Ass+ Bss) X
(Asst Bag) WasCoo

=(Asr+Biyr)( Azt Ase)(Asr+ Bse) X
(Bsi+As6)(Bsi+Bss)+(As+Bar) X
(Ase+Bss)AssBss+ (Asr+ Bsr) X
(Ass+Bse)(Ass+Bss)AsuBas+
(Asr+Bsr)(Ase+ Bss)(Ass+Bss) X
(Ass+Bs)(Zss+ Wis)(Zss+C)  (13)

Fy, represents (Ag+ By) (Ag+Ax—1) (Ag+ Bg—1) (B + A g—1) (B + Br—1)

The last digit position where auxiliary
carry functions are introduced is at 48.
The carry at this position, Cys, is shown in
equations 15 to be a simple function of
the last pair of second-level auxiliary
carry functions.

The number of stages required to im-
plement the adder in this fashion can
easily be determined from Fig. 11. Each
box in the diagram represents one gating
stage. 1In addition to the four registers of
gating stages for the augend digits,
addend digits, carry digits, and sum digits,

only 26 gating stages, equivalent to one-

half of a register, are required to create the
= A23333 BALE auxiliary carry functions.
i E A:Zi B:;( 2232_3: Bis)AuBay The expressions for the auxiliary carry
+ [ (4334 Bsz)(Asa+ Baa)(As1+ Byt ) A0Bso (12) funf:tions of this particvfﬂar adder as we'll
+ :(21;3:{?3_3—)_221;2:*_:_53_;%}(: g_ 21_‘;__?%&%‘32‘ _El:;@‘s Xao as its final carry functwng are shown in
+ | (4ss+ Bis)(dant Bin)( A+ Bu) (At Bu) | VaoXis Tables IT and II1, respectively.
+ [(At Bas)( At Be) (At Bua)(Asot Bao) | Vaa Vs [Con The top line of Table IV gives some
. statistics on the number of components
required for the adder represented in Fig.
Cin= | X Cop= m 11. Two other slightly different versions
+ —123;: Xog + Cyn have been worked out in which fewer gates
A+ Vi VaoXs need to be driven by the most heavily
+ [Vio! Vs ¥as |G loaded tube. As Table IV shows, these
Table Ill. Carry Functions
Ci1 =Di+RiCo C21 = Dar -+ RarDys+ RerRoe X254 RorR26 Y 25Co

Cp = D2+ ReD1+R2RiCo

Cs = D3+ RsD2+ RsRoD1+ RsR2R1Co

C4 = D3+ RsD;s+ RsR3Ds+ RiR3ReR1(A1+ Co) (B1+Co)

Cs =Ds+RsCa

Cs = D¢+ ReDs - RsRsCs

C? = D1+ R1Ds+ R1ReDs+ RiRsR:Cq

Cs = Fs+ RsR1Ds+ RsR1RsDs+ RsR1RsRsC1

Cy =X+ VoCs

Cio=D1n+Ris(Xe+ Vo) (Xe+Cs)

Cu=Du+ RuDi+ RuRi(Xe+ Vo) (Xe+Cs)

Ci2=D1z+ RisDu+ RizRuDio+ RizRuRio(X o+ Vo) (Xo+Co)
C13=F13+ RusR12Dn+ RusRi2RuDiw+ RisRi2RuRi( X o4 X 0) (X o9+ Co)
Cu=Xu+¥YuXotYu¥eCs

Cis=Dis+Ris X1+ RisY14(X o+ Y9) (Xo+Cs)

Cis= D1+ RisDis+ RisR15X 14+ R1sR1sV14(X 9+ Vo) (X 9+ C4)
Crr=Fy1+RurRisDis+ RurRisRis X1+ RirRisRis Y1s(X o+ Vo) (X s+ Co)
C=Xp+YisXu+YV1sY1uXo+ ¥Y1sY14YV9Cs

Ci9 = Dis+ Rio(X1s+ Y18) (X184 X14) + R16 V18 V14(X 9+ Vo) (X 5+ Co)
C20 = D20+ Reo D19+ ReoR19(X 18+ Y18) (X184 X14) + R20R19V18Y14( X9+ V) (X4 Co)
Ca1= Dar+ Ra1C20

Cag = Daz+ Re2Da1 -+ R22 R21C20

C23 = D23+ ReaDaz-+ R2sRe2 D1+ RasRe2 R21Czo

Ca24= F24+ RasR23D22+ RoaR23R2:D21+ R24R23R22R21C20

Cas= Xa5+ YasCao

Cas=Das+ Re6 X 25+ ResY25C20

Cas = Fag+ RasRorD2s+ Ros Ra1R26 X 25+ R2s Re1R26 ¥ 25C20

Cap= X9+ Y20 X25+ V29 YV25C20

C3s= D3+ Ras(X20+ Vao) (X29+ X25) + Reo V20 ¥ 25C20

Cs1= Dai+ RaDspo+ Rs1 Rso( X290+ Vae) (X2s+ X25) + R31R30Y 20Y 25C20
Cs2=F32+ Rs2RuDso+ RsaRa1Ryo (X294 YVag) (X294 X25) + RaeRa1 Ra0 V29 Y25C20
Cas = Zss+ WisCoo

Csa = Dss+ Rsa(Zsz+Ws) (Z33 3 Cao)

Cs3s = D35+ RasDss+ RasRsa(Zas+ Was) (Zaz+ Cao)

Css = D36+ Rss D35+ Rss Ras D3s+ RseRas Rsa(Zss + Was) (Zzz+ Czo)

Cyr = Fyr+ RyiR3s D35+ RyrRssR3s Dys+ RarR3s Ras Ras(Zss -+ Wss) (Zss + Cao)
Css=Zss+ WasCra

C39= Dss+ Rao(Zss+ Was) (Zss+C20)

Ca0= D10+ Rao D39+ RaoR39(Zss+ Ws) (Z3s+ Cao)

Ca = Du-+ RuDun+ RuRawDss+ RaRuoRze( Zss+ Was) (Zas 4+ Czo)

Ci2 = Fag+ R2RaD1o+ Re2RuRsoD3g - Rea Ra1 Rao Ryo( Zas + Wss) (Zss + X20)
Cu3=Zs3+WuzCa

C14= D1a+ Raa(Zss-+ Was)(Za3+ Czo)

Cas = Dis+ RasDss~ RasRas(Z1z+ Waz) (Zaz+ Czo)

Cis = Dss+ RasDss + RagRas Das+ RasResRas(Z 13+ Wias) (Zaz+ Cao)
Cy=Fu+ RuRasDss+ RurR4sR45Dsa - RarRssRas Raa(Zss+ Was) (Zaz+ Czo)
Cag= 218+ WisCao

Cag = D19+ Rus(Zas+ Was) (Zss+ Cao)

Cso = Dso+ RsoDso+ RsoRas(Z1s+ Was) (Zas+ Cao)

Cs1 = D51+ RaDsy+ Rs1Rs0Das+ Re1 Rso Rag(Z1s + Was) (Zas+ Ceo)

Cs2 = Fsa+ RsaRs1Dso+ Rsz Re1 Rso Do+ Rz Rs1.Rs0 Raa( Zas+ Was) (Zas+ Cz20)

Fy, represents (A +By) (Ag+Ag—) (Ag+ Br—1) (Bg+ Ap—1) (By+ Br—1)
Dy, represents Az By
Ry, represents (Ay-+ By)

Weinberger, Smith—Logical Destgn of a Parallel Adder
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Fig. 11. 53-bit parallel binary adder
Table IV. Component Requirements for a
53-bit Parallel Binary Adder Cu=
Del. + (A38+B38)ASTBHT
ela;
Max. No. of Lines {in Germanium + | (Aw+ Bu)(As+ By) AseBse (14)
Load*  Stages Tubes usec.) Diodes + [(Ass+ Bis)(Agi+ By )( Ass+ Bog)Ad s Boy
| e3s.....500......10,000 + |[(Ast Bay)(Asit Bu)(Asot Bus)(Aset Bro)AsiBuy
.. ll253......250... . 10,000 + | (Asst+ Bus)( Ayt Byr )(Ase+ Bys (Aus+ Bus)(Ass+ Bua) | X
B B 000 + |(Asst Bu)(Asr - B ) Aut Bu)( At Bus)(Asect B} VX
* Unit of load =one gate-load. + [(Ass+ Bis)(A s+ Bur)(Asst+ Bae)(Aos+ Ba)(Asat+Baa) ! Vg VooXos
i + | (Ass+ Big)(A g1+ By )(Ass+ Bas)(Ass+ Bas) (A34+B34). Y33 Vo stJszo
versions also require different proportions
of components. Crv= | Xes) Cis=|Zmn ‘
. If th§ adfier is to be used for mu}hphca- + [ Vas X0 4+ W lCQ"
tion, division, and other operations re- Vs VX oo
quiring the recirculation of the sum digits v Iy Yook
back into one of the inputs, the clock Ygs'y%y?g yh C
must be available in five phases in order R REIRERETE ) R
to complete the addition as well as the
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The Transfluxor

J. A. RAJCHMAN

N a recent paper! the authors have an-

nounced a novel device showing that
completely new switching and storing
functions can be performed by employing
magnetic cores with two or more aper-
tures,? (Magnetic circuits using multi-
aperature cores have also been reported
elsewhere.?3) instead of the conventional
single-aperture cores, thereby creating
a number of distinct flux paths via the
legs of the core. The new device oper-
ates by the controlled transfer of flux
from leg to leg in the magnetic circuit
and was consequently named ‘‘trans-
fluxor.”

One of the most important properties
of the transfluxor is its ability to store a
level of control established by a single
electric pulse. An energizing a-c drive
will or will not produce an a-c output
depending upon the nature of the last
setting pulse to which the transfluxor was
subjected. Furthermore, intermediate
setting is possible for which an output of
any desired level in a continuous range
between almost zero and a maximum
level will be produced according to the
amplitude of a single setting pulse.

In the present paper, after a short
review of the principle of the new device,
its operation is illustrated in detail by
the characteristics of a typical 2-aper-
tured transfluxor and some of its applica-
tions. Several examples of logical func-
tions attainable with multiapertured
transfluxors are also included.

Principle of the 2-Aperture
Transfluxor

Consider a core made of magnetic ma-
terial such as a molded ceramic “ferrite”’
which has a nearly rectangular hysteresis
loop and consequently a remanent induc-
tion B, substantially equal to the satu-
rated induction B;. Let there be two cir-
cular apertures of unequal diameter
which form three distinct legs, 1, 2, and
3, in the magnetic circuit, as illustrated
in Fig. 1. The areas of the cross sections
of the legs 2 and 3 are equal and the cross
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section of leg I is equal to, or greater
than, the sum of those of legs 2 and 3.

The operation of the device previously
explained! is reviewed here for conven-
ience. Assume that at first an intense
current pulse is sent through winding
W, on leg 1 in a direction to produce a
clockwise flux flow which saturates legs
2and 3. This is possible since the larger
leg 1 provides the necessary return path.
These legs will remain saturated after
the termination of the pulse since rem-
anent and saturated inductions are almost
equal. Consider now the effect of an
energizing alternating current in winding
W; linking leg 3, producing an alternating
magnetomotive force along a path sur-
rounding the smaller aperture, as shown
by the shaded area in Fig. 1. When this
magnetomotive force has a clockwise
sense, it tends to produce an increase in
flux in leg 3, and a decrease in leg 2.
But no increase of flux is possible in leg
3 because it is saturated; consequently,
there can be no flux flow at all, since
magnetic flux flow is necessarily in close
paths. Similarly, during the opposite
phase of the alternating current, the mag-
netomotive force is in a counterclockwise
sense and tends to produce an increase of
flux in leg 2, but in the case leg 2 is satu-
rated. Consequently, flux flow is blocked
as the result of the direction of saturation
of either leg 2 or 3. The transfluxor isin
its blocked state and no voltage is induced
in an output winding W, linking leg 3.

Consider now the effect of a current
pulse through winding W, in a direction
producing a counterclockwise magneto-
motive force. Let this pulse be intense
enough to produce a magnetizing force in
the closer leg 2 larger than the coercive
force H,, but not large enough to allow
the magnetizing force in the more distant
leg 3 to exceed the critical value. This
pulse, called hereafter the “setting pulse”,
will cause the saturation of leg 2 to re-
verse and become directed upwards
(Fig. 1), but will not affect leg 3 which
will remain saturated downward. In
this condition, the alternating magneto-
motive force around: the small aperture
resulting from the alternating current in
winding W; will produce a corresponding
flux flow around the small aperture,
The first counterclockwise phase of the
alternating current will reverse the flux,

the next clockwise phase will reverse it
again, etc., indefinitely. This flow may
be thought of as a back-and-forth trans-
fer of flux between legs 2 and 3. The
alternating flux flow will induce a voltage
in the output winding W,. This is the
unblocked or ‘“maximum-set’ state of the
transfluxor.

It is seen that the transfluxor is blocked
when the directions of remanent induction
of the legs surrounding the smaller aper-
ture are the same, and unblocked when
they are opposite. In the blocked state
the magnetic material around the small
aperture provides essentially no coupling
between the primary (W3) and secondary
(W,) windings, while it provides a rela-
tively large coupling between these two
windings in the unblocked state. It
is interesting to note that the informa-
tion as to whether the transfluxor is
blocked or unblocked can be thought of
as being stored in terms of the flux through
leg 1, and that this stored flux does not
change when output is produced by inter-
change of flux between legs 2 and 3.

The transfluxor can also be set to any
level in a continuous range in response to
the amplitude of a single setting current
pulse. Once set, it will deliver indefinitely
an output proportional to the setting.
This may be explained in a simplified
manner as follows: Consider first the
transfluxor in its blocked condition. Let
there be a setting current pulse through
winding W, of a chosen amplitude and,
of course, of a polarity opposite that of
the original blocking pulse. A magne-
tizing force H, proportional to this cur-
rent, is produced around the large hole.
This force in the magnetic material is
greatest at the periphery of the hole
and diminishes gradually with distance.
In the case of a circular aperture it is
inversely proportional to the radius.
Therefore, for the given selected ampli-
tude of the setting current pulse, there
will be a critical circle separating an inner
zone, in which the magnetizing force is
larger than the threshold magnetizing
force H, required to reverse the sense o
flux flow, and an outer zone, where this
field is smaller than the threshold value.
These two zones are shown in Fig. 2.
Consider now the alternating magneto-
motive force on leg 3 produced by an
indefinitely long sequence of pulses of
alternating polarity. The first pulse,
applied to leg 3 in a direction to produce
downward magnetization in leg 2, can
change only that part of the flux in leg
2 which is directed upwards, namely
that part which has been set or trapped
into that leg by the setting pulse. This
changing part of the flux will flow through
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Fig. 1 (above). Principle of transfluxor

Fig. 3 (right). The prototype transfluxor

S

leg 3 until leg 2 reaches its original
downward saturation. The amount of
flux set into leg 2 is therefore transferred
to leg 3. The next pulse, applied to leg
3, will saturate it to its original downward
direction and thereby retransfer the
trapped amount of flux back to leg 2.
There is no danger of any transfer of flux
to leg 1, since the magnetizing path is
much longer through that leg, and, once
leg 3 is saturated, no further flux flow is
possible however intense this second pulse.
It is apparent, therefore, that the suc-
cession of pulses of alternating polarity

-<—¢|—>.

~ b2 ~¢s -

110

017 —

re—. 1135 —»

re—.138—=

T

LEG |

e—087 _4

.346

m

LEG2 LEG3

UNBLOCKED

k-——.mo——-‘

 :
NN

on leg 3 will cause an interchange be-
tween legs 2 and 3 of an amount of flux
just equal to that initially set into leg
2. This will produce across the output
winding W, an indefinitely long train of
voltage pulses. The magnitude of the
output or the analogue information can be
thought of as stored in terms of the flux
in leg I (or algebraic sum of fluxes in
legs 2 and 3), just as was the case for the
on-off information. This stored flux
is not affected by the output-producing
interchange of flux between legs 2 and
3.

There is a possibility that, in the
blocked condition, or any intermediary
set condition, a sufficiently large alter-
nating current in the phase tending to
produce counterclockwise flux flow could
in fact change the flux in leg 3 by trans-
ferring flux to leg 1. There is, therefore,
a limit to the permissible amplitude of
the energizing alternating current be-
cause of the possibility of spurious un-
blocking. The limiting amplitude is
increased by the use of unequal hole
diameters rendering the flux path via
legs 1 and 3 much longer than via legs

Fig. 2 (left). Setting 2 & T 1 :
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20, 2 and 3. There is no danger of spurious
unblocking by the alternating current
in the phase tending to produce a clock-
wise flux flow, since in this phase leg
3 is being magnetized in the direction in
ouTPuT which it is already saturated. There-
fore, there is a considerable advantage
in using asymmetric-energizing alternat-
\ 0 | ing current or a train of interlaced rela-
Y 08 e aNETONOTLVE FORCE tively large driving pulses (clockwise)
06 ) and relatively small priming pulses (coun-

05 terclockwise). The driving pulses, which
cannot possibly spuriously unblock a
0s blocked transfluxor, can be arbitrarily

large, with the result that, when the trans-
: fluxor is unblocked by proper setting,

03 these pulses may not only provide the

required minimal reversing magnetizing

force around the small aperture, but

\ also provide substantial power to deliver
\%\: large output currents. The priming
pulses must be of sufficient magnitude
to provide the required magnetizing
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Fig. 5. Setting characteristic—asymmetrical energization force around the small aperture, but
insufficient to provide it around both
apertures,

The Prototype 2-Aperture
Transfluxor

PR cent Fe,03), of composition and processing
ot identical to those used for memory cores.
(LoAT) 16y The dimensions are shown in Fig. 3.

The knowledge of the actual amounts
of flux set in leg 2 and leg 3 by a pulsed
magnetomotive force applied to leg 1
can be used to evaluate the idealized
explanation of the operation given in
the foregoing as well as to predict the
detailed operation. These inherent set-
ting properties, illustrated in Fig. 4,
were obtained as follows: Leg 1 was
subjected first to a relatively large
blocking pulse of 5 ampere-turns mag-
netomotive force, and then to a setting
pulse the amplitude of which is the ab-
scissa of the plot. The instantaneous
voltages on 1-turn windings linking
legs 2 and 3 were integrated throughout
the duration of the setting pulse, in-
cluding the rise and decay of the pulse.
/) These integrated values are the irrevers-
10 ible, or net, flux changes ¢, and ¢; pro-
duced by the setting, and are shown as
] 05 the ordinates of the plot.

ol Ideally, the variations of the fluxes

o3 'o 15 20 ¢2 and ¢ can be predicted by considering

PRIVE MAGNETOMOTIVE FORCE “AMPERE TURNS the location of fhe closed line of mag-

Fig. 6. Driving characteristic—asymmetrical energization netic induction passing through leg I

INHERENT CHARACTERISTICS
OUTPUT
BLOCK The core of the transfluxor for which
(5AT) - the characteristics are given in the follow-
seT ing was made of magnetic ceramic mate-
. rial (manganese-magnesium ferrospinal;
30 per cent MnO, 30 per cent MgO, 40 per
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Fig. 7. Setting characteristic—symmetrical energization

along which the magnetizing force, be-
cause of the set current, is just equal to
the threshold magnetizing force required
to reverse the sense of flux flow, as was ex-
plained in the foregoing. This boundary
between reversed and nonreversed senses
of flux flow is approximately a circle the
radius of which increases linearly with set-
ting current. No flux change occurs until
this circle reaches the edge of the large
aperture (¢s=¢p3=0). After this first
threshold is exceeded, the flux in leg 2
increases linearly with the radius of
the limiting circle as it sweeps across the
width of the leg, while the flux in leg 3
remains zero. When the limiting circle
has reached the smaller aperture, the
direction of flux across the entire width
of leg 2 is reversed. A further increase
of setting current will increase the length
of the boundary, which may then deviate
somewhat from a circle, until it reaches
the inner edge of leg 3. At this second
threshold value, the flux in leg 3 will
start to increase linearly until the bound-
ary has swept across the entire width of
that leg.

The curves of Fig. 4 only approximate
the sectionally linear curves predicted by
the above idealization, because the real
material is characterized by a family
of hysteresis loops deviating appreciably
from the ideal rectangular shape. The
rounding-off of the cormers and the
asymptotic saturation characteristics are,
therefore, not surprising. It is worth
noting that leg 3 exhibits a substantial
flux setting before leg 2 reaches saturation
and also that its saturated value is smaller
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because the width of this leg happens to
be somewhat narrower than that of leg
2 (see Fig. 3).

Operating Characteristics

The amount of flux which is inter-
changed between legs 2 and 3 for a given
setting by priming and driving pulses,
determines the output from the trans-
fluxor and will be referred to as the output
flux. The setting pulse will determine
the maximum interchangeable amount of
flux while the priming and driving pulses

will determine what part of that flux is’

actually interchanged. It is convenient
to consider as setting characteristics
the plots of the output flux as a function
of the setting magnetomotive force for
given priming and driving pulses, and
as driving characteristics the plots of
the output flux as a function of the driving
pulse for given setting and priming pulses.
The main mode of operation consists of
blocking and setting on leg I, priming and
driving on leg 3, and deriving the output
from leg 3. There are two cases of in-
terest: (1) asymmetrical energization
consisting of unequal drive and prime
pulses useful when efficient loading is
desired, and (2) symmetrical energization
consisting of equal drive and prime pulse
or sinusoidal current encountered in small
signal a-c transmission.

The setting characteristics for asym-
metrical energization shown in Fig. 5,
can be explained as follows: the flux
change ¢,5 in leg 1, set into it by the
setting pulse, will divide itself, in general,

between legs 2 and 3 where the changes of
flux ¢, and ¢,¢ will be produced (¢;5=
b5t dss). When the set flux ¢4 is
smaller than the maximum flux contain-
able in the narrowest leg, (in this case leg
3, which is slightly narrower than leg
2) the setting is referred to as normal.
For normal setting the first prime pulse
on leg 3 will saturate leg 2 in its original
blocked direction of saturation, trans-
ferring the flux ¢,g set in leg 2 to leg 3,
thereby concentrating the amount of flux
equal to ¢ig in leg 3. When the drive
pulse is of an amplitude just sufficient
to saturate the entire width of leg 3
(1 ampere-turn), the flux concentrated
in that leg by the prime pulse will be
retransferred to leg 2. The steady-state
interchanged output flux between legs
2 and 3 will, therefore, be precisely that
set initially in leg I, which in turn is
equal to the sum of fluxes ¢, and ¢; shown
on the inherent set curves of Fig. 4.
This flux increases linearly up to the
limit of normal setting which is about
1.5 ampere-turns.

When the drive is not sufficient to
transfer all the flux of leg 3 back to leg
2, only a part of the interchangeable
flux set in leg 3 will be, in general, ac-
tually interchanged. This explains the
shape of the setting characteristic for
lower drives (less than 1 ampere-turn).
These curves follow the main character-
istic only up to the value of drive for
which the whole set-in flux can be trans-
ferred.

When the flux ¢,¢ set in leg I exceeds
that containable in the wider of the two
legs, 2 or 3, it oversets the transfluxor
by starting to reverse the fluxes in all
legs, producing blocking. Therefore, the
amount of output flux interchanged be-
tween legs 2 and 3 diminishes. The rate
of decrease of the output flux with in-
creasing setting current is smaller in the
overset region than the rate of increase in
normal region because of the asymptotic
nature of the curve near saturation (see
Fig. 4). The loss of output flux due to
oversetting may be corrected by over-
driving. A large enough driving pulse
on leg 3 will saturate it completely in the
original blocked downward direction by
transferring flux first to leg 2 until it is
saturated and then the excess to leg I.
Therefore an overset and overdriven
transfluxor will produce the maximum
output, as shown by the characteristic
curves of Fig. 5.

The driving characteristics of Fig. 6.
for the same asymmetrical energization,
show that arbitrarily large driving pulses
may be used without disturbing normal
setting as was explained before. There

Rajchman, Lo—The Transfluxor
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Fig. 8. Zones of setting and primability in the transfluxor

is a threshold value of 0.2 ampere-turn,
corresponding to the value of magnetomo-
tive force producing a magnetizing force
just equal to the coercive force at the
periphery of the small aperture, below
which there is no interchange of flux
between legs 2 and 3. Each curve ex-
hibits a sharp threshold followed by an
approximately linearly rising curve.
The setting characteristics for sym-
metrical energization with equal drive and
prime pulses, shown on Fig. 7, may be
explained by considering first the idealized
situation for a normal setting in which
two zones are created in leg 2; one near
the large aperture where the flux is
reversed, and one near the smaller aper-
ture where it remains unaffected (see
Fig. 9). When the prime pulse on leg
3 is insufficient to produce a magnetizing
force greater than the coercive force at
the location of the boundary between the
two zones, no flux will be transferred to
leg 3. There will be a definite value of
prime for a given setting, for which trans-
fer will start to occur. The amount of
transferred flux will be proportional to
that portion of the cross section of leg 2
which is included between the boundary
separating the set and nonset zones
around the larger aperture, and the
boundary between the primable and non-
primable zones around the small aper-
ture, as shown in Fig. 9. This flux in-
creases with setting, for a given prime,
at a rate which is independent of the
priming value. When the priming pulse
becomes large enough to produce inter-
change of flux between legs 3 and I,
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it will effectively produce a setting of
leg 1 even when no previous setting on
leg 1 was applied. This is the spurious
unblocking due to symmetrical drive
and prime mentioned earlier. The char-
acteristics of Fig. 7 have approximately
the shape to be expected from these con-
siderations.

The driving characteristics for the
symmetrical energization case are shown
in Fig. 8. The range of the priming
pulses, and consequently also of the
driving pulses, is restricted to the values
(up to 1 ampere-turn) which do not
produce spurious settings. For a given
setting, the amount of interchangeable
output flux is proportional to the flux in
leg 2 which is both set and primable.
The threshold value of prime, below
which no flux is interchanged, is smaller
the greater the set, since the boundary
between set and nonset zones is closer
to the small aperture in this case.

In the main mode, with either asym-
metrical or symmetrical energization,
the input control (setting) circuits are
completely separated from the output
circuits, since the block and set winding
is on leg I and the priming, driving, and
output windings are on leg 3. There is
negligible coupling between the control
and output circuits because there is
practically no interchange of flux be-
tween legs ! and 3 in normal operation.
For example, in the prototype transfluxor
set to maximum, the back-and-forth
interchange of flux between legs 2 and 3
is 1.5 wvolt-microseconds, and this is
accompanied by only 0.01 volt-micro-

05 075 10 125
FORCE -~ AMPERE TURNS

second of flux change in leg I, or less than
1 per cent. Furthermore, normal setting
pulses produce only slight changes of
flux in leg 3, of only about 5 per cent of
the flux set into leg 2 by maximum set-
ting. If blocking occurs after driving,
rather than priming, it produces a
negligible flux change in leg 3 since the
drive pulse has already saturated that
leg in the direction of blocking.

An arbitrarily large priming pulse,
rather than one needing to be of a pre-
scribed amplitude, can be used by priming
on leg 2 rather than on leg 3. After
normal setting, the prime pulse will
saturate leg 2 downward to its original .
blocked direction and transfer flux toleg 3
rather than leg I because the flux path is
shorter. A further increase of the prime
pulse on leg 2 produces no further flux
change because leg 2 is saturated. When
the transfluxor is overset, the prime pulse
on leg 2 transfers to leg 3 that part of its
flux that leg 3 can accept and forces the
excess flux to leg 1, where it readjusts the
setting. Oversetting is thus corrected
for by the first prime pulse which causes
the transfluxor to be set for maximum
output. In this mode of priming on leg
2, the setting pulse induces a voltage in
the prime winding. Thus, there is an
interaction between setting and priming
circuits. This interaction can be toler-
ated in the many practical cases in which
the priming winding is in the plate circuit
of a vacuum tube.

In some on-off applications of the
transfluxor, it is convenient to set on leg 2
rather than on leg I to avoid the possi-
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Fig. 10. Hysteresis loops of the output mag-
netic circuit for various settings

bility of oversetting. The setting ampli-
tude is not critical as long as it is greater
than some required minimum (about 1.3
ampere-turns). In this case the large
setting pulse producing an upward mag-
netomotive force on leg 2 forces the flux
of leg 2 to reverse its blocked direction.
Since flux flow through leg 3 is impossible,
necessary continuity of flux is satisfied by
an interchange of flux between legs 2 and
1, which leaves leg 1 with practically zero
flux and leg 2 with an upward saturation.
This is the unblocked state of the trans-
fluxor. The pulses on legs I and 2 serve
respectively as the blocking and unblock-
ing pulses and close or open the trans-
fluxor gate. In this mode there is direct
coupling between the setting winding on
leg 2 and the output, since the output
flux is precisely the interchangeable flux
between legs 2 and 3. Here again this
coupling is tolerable in many practical
cases, e.g., when the setting winding is in
the high impedance circuit of a vacuum
tube. It is possible also to use leg 2 both
for setting and priming.

Output From the Transfluxor

The transfluxor exercises control by
means of the amount of flux which can be
transferred for an indefinitely long time
between legs 2 and 3, and which amount
can be set by a single pulse to any desired
value in a continuous range. This back-
and-forth transfer of flux between legs 2
and 3 can be considered also as a back-
and-forth reversal of flux around the
small aperture along a path which is
effectively the output magnetic circuit
and may be characterized by a conven-
tional hysteresis loop relating the flux
flow and the magnetomotive force on
leg 3 producing it. Fig. 10 shows
oscilloscope traces of a family of such
loops, each obtained for a different set-
ting, including the blocked and maximum
settings.

It is apparent that the transfluxor
operates as if the output magnetic circuit
consisted of a conventional 1-aperture
core with the essential property that the
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" fluxor’s core.

effective cross-sectional area of that core
can be adjusted by a single set pulse to
any desired value from practically zero
to a maximuin value equal to the physical
cross-sectional area of its smallest leg.

The relations which exist between the
primary and secondary circuits of a pulse
transformer apply equally well to the
output circuit of the transfluxor, provided
account is taken of the definite set cross-
sectional area of the equivalent core and
the properties of the material of the core.
These include the shape of the hysteresis
loops and the intrinsic possible rates of
flux reversal. The salient properties of
the output circuit can be illustrated by
the cases of very high and very low
impedance loading.

Output voltage wave forms are shown
in the oscilloscope traces of Figs. 11a and
11b for the case of an open-circuited out-
put winding, i.e., a very high impedance
load. The traces are for the various
values of setting, as indicated. For the

- relatively large (5 ampere-turn) and fast

rising (3.3 ampere-turns per microsecond)
drive of Fig 1la, and for the relatively
small (1 ampere-turn) and slow rising
(0.7 ampere-turn per microsecond) drive
of Fig. 11b, the voltage peaks vary
linearly with the current settings. The
unloaded transfluxor may therefore be
considered as a device furnishing a
controllable voltage. The short flux-
reversal time of 0.1 microsecond for
large drive is noteworthy.

The ratio of voltage output at maxi-
mum setting (1.5 ampere-turn) to that’
at zero setting or blocked condition, is 15
to 1 for the large drive of Fig. 11a, and 50
to 1 for the smaller drive of Fig. 11b.
The slight voltage output in the blocked
condition results from the elastic or
reversible flux excursion because of the
lack of perfect saturation at remanence
of the material composing the trans-
There is actually no
measurable irreversible output flux for
zero setting. (See Figs. 5, 6, 7, and 8.)

The output voltage wave forms, de-
veloped across a very low resistance load,
for different settings, are shown in Fig.
12a. The setting is seen to control the
duration of the pulses rather than the
voltage maximums which are very flat and
almost the same for all settings. This
results from the fact that the counter-
magnetomotive force due to the secondary
current tends to keep the rate of change
of flux constant. The output current in
a low resistance load for a transfluxor set
to maximum is shown in Fig. 12b for
different drive currents. The output
current increases linearly. with drive
current; the heavily loaded transfluxor
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may therefore be considered to be a
current transformer. The efficiency of
power transmission is high for large
drives since only a small part of the drive
is wasted in magnetizing the output mag-
netic circuit and the major part neutral-
izes the secondary countermagnetomotive
force and produces the output current.
Efficiencies of 75 per cent have been
obtained. This important property of
the transfluxor reflects the advantage of
using unsymmetrical output circuit ener-
gization, ie., small and slowly rising
priming current pulses producing negligi-
ble output and no spurious setting, and
fast-rising large-amplitude drive pulses
producing the useful output.

In the foregoing illustrations the trans-
fluxor was used as an adjustable trans-
former with a primary winding energized
by a current generator and a secondary
winding carrying the load. In many
applications it is convenient to use it as an
adjustable inductance with a single
winding (on leg 3) in series with a voltage
generator and the load. In that case a
high output is obtained when the trans-
fluxor is blocked and a low output when
it is unblocked, but besides this inversion,
all operations as an inductance or as a
transformer are similar.

The material composing the core of the
prototype transfluxor permits short
switchover times. Conventional mem-
ory cores, made of this material, switch
in about 1.5 microseconds when driven by
a current giving optimum discrimination
in a 2-to-1 driving system. In the

Rajchman, Lo—The Transfluxor
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(a) Various settings
(b) Various drives

range of setting pulse amplitudes shown
in the operating characteristics, the
setting requires about 2 microseconds.
As was noted, vety much shorter output
pulses are possible when strong drives are
used. The repetition rates of the driving
and priming pulses or the frequency of
sinusoidal a-c energization can be 1
megacycle or more without any appreci-
able heating of the core of the trans-
fluxor. There is no lower limit to the
frequencies used in the output circuit,
other than that imposed by the practical
use of the low voltages resulting there-
from.

Applications of the Transfluxor

INFORMATION REGISTERS FOR DIGITAL
COMPUTERS

The transfluxor can be operated as an
on-off gate utilizing only the blocked and
the set-to-maximum or unblocked set-
tings. The amplitude of the blocking
pulse on leg 1 is not critical provided it is
greater than some minimum. Similarly,
the unblocking pulse can be rendered
uncritical if applied to leg 2, as was men-
tioned in the foregoing, or if a third
setting aperture is provided, as will be
described. In this operation the trans-
fluxor performs the same function in
digital computing applications as does a
gate controlled by a conventional tube or
transistor flip flop. Once set, the gate
remains open or closed without requiring
any holding power. A bank of trans-
fluxors constitutes a register for storing
a number of binary signals from which
read-out signals can be obtained any
number of times without destroying the
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stored information. These signals can
be conveniently generated from a com-
mon source gated by the individual trans-
fluxors. No signals in the setting circuits
result from the interrogation when proper
arrangements are made.

RaNpoMm-Access MEMORY WITH NON-
DESTRUCTIVE READ-OUT

An array of transfluxors can be used as
a random-access memory with so-called
nondestructive read-out, i.e., where the
read-out is obtained without changing at
any time the physical state representing
the information. The two stored states
are the blocked and unblocked remanent
conditions of the transfluxor. Current
coincidence can be utilized for selection,
as is done in conventional core memories.
Consider two selecting windings on leg 1
and two selecting windings on leg 3 of
each transfluxor. Let these windings be
connected in series by rows and columns
as shown for simplicity by single linking
wires on Fig. 13. Address-selecting writ-
ing pulses are applied simultaneously to
one row and one column winding linking
leg 1. The additive effect of these
pulses on the selected transfluxor at the
intersection of ‘the row and column
windings is sufficient to produce a setting,
but the amplitude of the pulses is in-
sufficient to affect the transfluxors on
which they act singly. The direction of
the writing pulses determines whether
the selected transfluxor is set to the
blocked or unblocked condition. Read-
ing, based also on current coincidence
selection, is obtained by applying pulses
of the proper amplitude to the selected
row and column winding linking leg 3.
A read-out is obtained by a pair of
pulses on each selecting line, one in the
prime and one in the drive direction.
As a result, fluxes in legs 2 and 3 reverse
back and forth and return to their initial
state, if the transfluxor is unblocked, or
remain in that initial state, if the trans-
fluxor is blocked. These flux reversals
can be detected as induced voltages on a
common read-out winding linking leg 3
of all transfluxors. (See Fig. 13.)

Coincident current selections for write-
in and read-out are possible because there
are thresholds below which pulses linking
leg 1 and leg 3 produce negligible flux
changes. Satisfactory operation is ob-
tained with the prototype transfluxor
when the selecting currents are approxi-
mately equal to the threshold values of
setting and prime drive shown on the
characteristic of Fig. 7. Somewhat bet-
ter results are found when the blocking
write-in pulses are larger than the setting
write-in pulses. The coincident current

WRITE ADDRESS cINES

S3NIT $S3¥QAV Qv 3y
S3NIT SS3HAQV ILI¥M
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READ ADDRESS LINES

Fig. 13. Auray of transfluxors used as random
access memory with nondestructive read-out

selection principle can be extended to the
simultaneous addressing of many plane
arrays used in parallel by using selective
inhibiting of the planes, as is customary
with core memories.

" Read-out from a magnetic storage
device must necessarily be dynamic, since
induced voltages are possible only by
changing flux. Nevertheless, in the
transfluxor memory, the read-out may be
considered to be nondestructive, because
the flux in leg I is not altered by the
interrogating pulses, retains at all times
the stored information, and yet its value
determines whether or not flux in legs 2
and 3 will be interchanged as a result of
interrogation. The second interrogating
pulse is necessary to restore the altered
states of legs 2 and 3 due to the first, in a
manner similar to the rewrite pulse in
destructive read-out memories required
when a read-out signal is obtained, but
with the essential difference that its un-
conditional occurrence at every read-out
is not dependent on the presence of the
read-out signal.

In the transfluxor coincident current
memory the read-out circuits are very
simple since no feedback into the write-in
circuits are required. A further, perhaps
more important, advantage, is the possi-
bility of simultaneously writing-in and
reading-out on two unrelated addresses,
by energizing the proper lines of the
independent write-in and read-out select-
ing grids. This possibility may speed up
the operation and simplify the logic of
some types of computing machines.

CHANNEL SELECTOR

Transfluxors may be used with ad-
vantage to select one channel out of
many for transmission of modulated
signals. The transmission from, or to, a
common channel to, or from, each one of a
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number of selectable channels is con-
trolled by a transfluxor. All transfluxors
are blocked except one which is set and
which determines the selected channel.

A channel selector for selecting one
out of N=2" channels in response to #
binary pulsed signals is illustrated in
Fig. 14 for the case of eight channels and
three binary inputs. The selection sys-
tem is similar to that used in combina-
torial decoding switches?® using conven-
tional cores. For each binary input there
is a pair of conductors, one of which links
leg 1 of half the transfluxors and the
other, the other half. The division of
transfluxors in halves by the various input
pairs is by juxtaposed halves, interlaced
quarters, interlaced eighths, etc., so that
the pattern of linkages is according to a
binary code. To select a channel, cur-
rent is sent through ome or the other
conductor in each pair in a direction
tending to block the transfluxors which
are linked by these conductors. For
every combination of inputs there will be
one transfluxor, and one only, which is
not linked by conductors carrying the
blocking currents. The transfluxor, thus
selected, is set by a current pulse sent
through a winding which links leg 2 of all
transfluxors. The setting pulse, occur-
ring while the selecting current pulses are
on, has insufficient amplitude to over-
come the blocking effect of even a single
one of these blocking currents and there-
fore sets the selected noninhibited trans-
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(b)

fluxor only. The setting is to maximum,
but there is no danger of oversetting,
since leg 2 is used for setting, and the
region of flux change during selection is
around the large aperture only. The
selected transfluxor remains set until a
different combination of input pulses is
applied to the selector, at which time a
new transfluxor is set, and the previously
selected one is automatically blocked.
Flux changes around the small aperture
are possible only in the selected un-
blocked transfluxor of which the output
magnetic circuit may be considered to be
a regular transformer. Since a trans-

" former transmits in either direction, the

selector can be used either to transmit
from the common channel to a selected
channel or vice versa, depending on
which channel corresponds to the primary
winding. The primary winding can be
energized by symmetric alternating cur-
rent, provided that the resulting mag-
netization around the small aperture
exceeds a certain threshold, but does not
exceed a value producing spurious un-
blocking. In the prototype transfluxor
the permissible range is from 0.25 to 1
ampere-turn. With asymmetric primary
excitation a greater efficiency of power
transmission is possible, as was explained
in the foregoing. In this case it may be
convenient to prime the transfluxor by a
common winding linking leg 2 of all units
(not shown on Fig. 14), to use a fixed
amplitude prime pulse (1 ampere-turn for

QUTPUT

CLEAR

AFTER CLEAR

AFTER SET A
[} (b) ()

AFTER SET B

the prototype) and to modulate by the
amplitude of the drive pulse.

The selector of Fig. 14 is shown with
tube drivers to illustrate fully a concrete
example. For simplicity, single turn
windings are shown. Fig. 14b is a sim-
plified representation of the selector,
shown conventionally in Fig. 14a. The
apertures of the transfluxors are repre-
sented by heavy horizontal lines which
are assumed to be linked through by the
vertical conductors when a 45 degree line
is drawn at the intersection, the direction
of inclination of the line denoting the
direction of linkage.

It is possible to use the channel selector
not only to gate sustained modulated
signals, but also to control the amplitude
of the transmitted signal in the selected
channel according to the amplitude of a
single-control current pulse. To accom-
plish this, the control pulse is sent through
the set winding linking leg 2 of all trans-
fluxors simultaneously with the selecting
pulses, and sets the noninhibited selected
transfluxor to a particular level in a con-
tinuous range dictated by its amplitude.
Constant amplitude energization of the
output circuits of all transfluxors pro-
duces through the selected one a sustained
output of an amplitude determined by
this level. The energization can be
symmetric or asymmetric, a-c or by
pulses.

The arbitrary selection, in any desired
order, of the transmission channel in the
channel selector described earlier is
accomplished by considering the large
aperture of the transfluxor as if it were a
simple core and linking it through systems
of selecting windings known in conven-
tional core decoding switches. Simi-
larly, a commutator switch for estab-
lishing transmission through the channels
in ordered succession can be made by
coupling the large aperture of successive
transfluxors by the circuits used in con-
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Fig. 16. 5-aperture “Hower" transfluxor

ventional magnetic shift registers. In
the core switches the selected core pro-
duces a transient output at the instant
of selection only, while in the analogous
transfluxor switches, the selected trans-
fluxor opens for as long as desired a chan-
nel for bidirectional transmission of a-c
or pulsed signals.

Such channel selector switches for
routing modulated signals, either in an
order depending on a code, or else in a

_predetermined succession, can be useful
in a variety of applications, for example:
multiplexing system for telegraphy or
telephony communications, multiplexing
for telemetering or automatic controls,
switching of heads of a magnetic drum,
central exchange in large systems han-
dling digital information, telephone ex-
change systems, and so forth.

OTHER APPLICATIONS

In digital computers, the transfluxor
can also be used as a logical element as
well as an auxiliary to energize incan-
descent lights for providing bright visual
indicators with negligible loading on the
pulse circuits.

The transfluxor is inherently an indi-
cator of the peak pulse in an arbitrarily
long pulse train. This property can be
useful, for example, in nuclear instru-
ments. In pulse-modulation systems, in
addition to channel selection, the trans-
fluxor can convert pulse into amplitude
information or convert randomly occur-
ring pulses into regularly spaced pulses.
The control of automatic mechanisms by
single command pulses, often a pre-
requisite for automation systems operated
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Fig. 17. Elimination of oversetting with an
additional aperture

from a central computer, may easily be
obtained with transfluxors.

These examples are cited to illustrate
the variety of applications of the trans-
fluxor.

Multiaperture Transfluxors

The 2-aperture transfluxor has been
discussed in detail to illustrate the
principles of operation and the general
properties of the device in one of its
simplest forms. The use of more than
two apertures creates many new modes of
flux transfer and broadens the kind and
number of switching and storing func-
tions, making possible many mnovel
applications. A few illustrative exam-
ples of multiaperture transfluxors are
described in the following.

A transfluxor with three apertures in a
row, as shown in Fig. 15, can be operated
as a 2-input sequential gate. An output
is produced if the two inputs 4 and B are
applied to it in the order 4B, and no
output is produced if either input is miss-
ing or if the two inputs are applied in the
order BA. The operation is illustrated
by the symbolic diagrams, Figs. 15b,
15¢c, and 15d. After a clear pulse the
legs 2, 3, and 4 are saturated downward.
The output flux path around the last
aperture via legs 3 and 4 is blocked and
neither the prime nor the drive pulse can
produce any flux change. The flux
path around the second aperture via legs 2
and 3 is also blocked so that the signal B
cannot produce any flux change. How-
ever, the flux path around the first aper-
ture, via legs I and 2, is not blocked and
the signal 4 can reverse the direction of
flux in leg 2 by transfer of flux to leg 1.
If 4 was present and leg 2 was reversed,
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Fig.18. Setting with a pulse of either polarity

the flux path via legs 2 and 3 is unblocked,
with the result that the occurrence of B
can now reverse the flux of legs 2 and 3.
This returns leg 2 to its original downward
direction, reverses leg 3 and unblocks the
flux path via legs 3 and 4. Conse-
quently the output flux path is now un-
blocked, and a succession of priming and
driving pulses will produce an output for
as long as desired. This 3-aperture
transfluxor can also be operated with
intermediate setting. The analogue in-
telligence can be carried by either signal
A or B or both.

The transfluxor with five apertures
arranged in a flower-like pattern, Fig. 16,
can be operated as a 4-input AND gate.
The occurrence, in any order, of all four
input signals 4, B, C, and D is required
to open the gate. The principle of opera-
tion depends upon the fact that the out-
put flux, via legs I, 2, 3¢ and 4, around
the central aperture can be blocked by
any one of the four legs and is unblocked
only when the senses of flux saturation
around the central hole in all legs are the
same. There are two unblocked states
corresponding to the two senses of flux
rotation around the small aperture. In
many applications it is convenient to use
one leg as a reference, yielding a 3-input
gate, and to eliminate one of these states.

A third aperture added to the two of
the transfluxor described earlier, in de-
tail, can eliminate any possibility of over-
setting. The four legs 1, 2, 3, and 4 of
the transfluxor illustrated in Fig. 17 are
of equal cross section. The amount of
flux that can be set is limited by the
width of leg I to precisely the amount
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which leg 3 can accept. Therefore, when
the setting pulse on leg I becomes larger
than required to transfer flux to the first
filled closer leg 3, no further flux is avail-
able for transfer to leg 4. In this 4-
legged transfluxor, leg 2 is a dummy
which remains always saturated in the
same direction and provides the necessary
return path for continuity of flux flow.
A transfluxor which can be set by
either polarity of setting pulse can be
obtained by using four apertures, as
shown in Fig. 18. It is apparent that
either a positive or a negative set pulse
will cause leg 5 to reverse its flux. For a
positive set pulse this will occur with
corresponding reversals of legs 2 and 4,

and for a negative set pulse with reversals
of legs 1 and 3. The output flux path
via legs 5 and 6 is unblocked by the
setting of leg 5. Blocking can also be of
either polarity.

Conclusion

The transfluxor has the unique property
of being able to control the transmission
of electric power according to a stored
level established by a setting pulse. In
contrast to the magnetic amplifier in
which the input command is not stored
and must be present at all times, the
transfluxor requires only a single setting.
In contrast to the conventional memory

Bilateral Magnetic Selection Systems

for Large-Scale Computers

A. H. SEPAHBAN

ELECTIVE writing of information on
a chosen channel of a large memory
system (e.g., a magnetic drum memory)
and selective reading of information from
one out of many such memory channels

A. H. SEPAHBAN is with the Philco Corporation,
Philadelphia, Pa.

can be accomplished by use of a single
2-way magnetic pyramid made solely of
high quality magnetic saturable cores. A
description is given of a working magnetic
selection unit used in a large inventory
control system with a few thousand
magnetic drum channels.

core, the transfluxor is not only capable of
storing a given amount of set-in flux,
but also is capable of furnishing on de-
mand, and for an indefinite length of
time, an output according to the stored
setting without affecting that setting in
the least. In a sense, the transfluxor
combines the functions of a magnetic
amplifier and a memory core.

The multiaperture transfluxor core,
made of square hysteresis-loop material,
used at present for ring-shaped cores,
is simple to manufacture. Like other
magnetic elements it is a solid-state
passive element which is rugged, stable
in operation, and immune to permanent
deterioration due to accidental overdriv-
ing of its associated circuits.

For these reasons it is believed that
there is a great future for the transfluxors
described in this paper, and similar ones
that can be made with artifices based on
manipulating the flux distribution in
cores of square-loop-magnetic material
having a number of apertures in various
geometrical configurations.
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The Megacycle Ferractor

T. H. BONN

HE ferractor is a magnetic amplifier

designed to replace vacuum tubes in
digital computer pulse circuits. Opera-
tion at information rates as high as 21/,
megacycles with moderate power gains
and power levels has been achieved.
This development represents an increase
in the operating gain-bandwidth of mag-
netic amplifiers between one and two
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orders of magnitude over what has pre-
viously been reported.

This large step forward was due to a
number of factors:

1. Improved circuits.

2. Improved methods of analysis of high-
frequency magnetic amplifiers.

3. Improved magnetic materials and new
developments in core construction.

Ferractors are readily adaptable to
modular construction. In using them as
building blocks the control and arithmetic
sections of computers can be economically
constructed with a minimum number of
circuit types. All typical computer cir-
cuits: flip flops, binary counters, shift
registers, etc., can be readily synthesized.

The construction of a special-purpose
all-magnetic computer for military appli-
cation, the Univac Magnetic Computer, is

T. H. BoNN is with Remington Rand Univac,
Philadelphia, Pa.

Part of the work reported here was supported by
the Air Force Cambridge Research Center, Air
Research and Development Command.
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nearing completion. This machine uses
approximately 1,500 ferractors, 9,000
germanium diodes, and several dozen
transistors. Only a few vacuum tubes
are used in the circuits which generate the
carrier essential to the operation of the
magnetic amplifier. The information
rate of the machine is 660 kilocycles.
This was chosen as a conservative figure
for the first attempt at a large system.

The basic circuit is the series magnetic
amplifier in which the output circuit is
fed from a low impedance source. This
type of amplifier has the following ad-
vantages:

1. Power is distributed from a constant-
voltage low-impedance pulse power supply
instead of a constant-current high-imped-
ance power supply as heretofore used in
magnetic circuits. It is much easier to gen-
erate and distribute high frequency pulse
power at a low-impedance level than at a
high-impedance level.

2. Each amplifier performs the functions
of pulse shaping and timing, in addition to
power amplification.

3. The zero output signal is easy to
handle by straightforward amplitude clip-
ping techniques.

4. The circuits are simple and require a
minimum of components.

The analysis of the high frequency
operation of magnetic amplifiers includes
consideration of all core and circuit toler-
ances as well as the high frequency
properties of magnetic materials and the

associated diodes. In order that system
reliability be realized a standard mini-
mum output signal from an amplifier
with maximum load is assumed. The
design is such that the minimum output
signal which is obtained under worst
operating conditions is sufficiently large
to operate the intended circuits in the
computer. The zero signal is effectively
suppressed by the amplitude clipper
referred to in the foregoing. Furthermore,
the magnetic cores have the property of
integrating the effects of signals applied
to them. Therefore, they are not as
sensitive to high frequency noise as other
types of circuits.

An exhaustive study of the character-
istics of all commercial magnetic ma-
terials and some specially made in the
laboratory showed the superiority of 4-79
molybdenum permalloy for magnetic
amplifier applications. The analysis of the
gain of magnetic amplifiers shows clearly
the detrimental effect of space factor on
magnetic amplifier gain. The gain goes
downastheratioof magneticmaterial cross
section to air cross section in the amplifier
output winding decreases. A realization
of the importance of space factor led to
the use of a stainless steel bobbin as a
support for the magnetic material and
wire. It is possible to fabricate stainless
steel with much thinner walls than the
ceramics which are customarily used as
bobbins for magnetic amplifiers. Diffi-

culty is experienced in machining ce-
ramics to a thickness smaller than 0.015
inch. As this thickness is approached
the ceramic loses strength and becomes
as fragile as an egg shell. On the other
hand, stainless steel can be fabricated
into bobbins with walls of thicknesses as
small as 0.003 inch. These bobbins
have adequate strength if they are
handled with care,

A typical design of a core for the com-
puter referred to above has 13 wraps of
1/8-mil 4-79 molybdenum permalloy
tape, 1/32 inch wide, wound on a stain-
less steel bobbin, 0.1 inch diameter. The
cores are machine wound and potted in
hermetic seal headers. The headers are
then mounted on printed circuit boards
which also contain associated diodes and
resistors. These printed circuit boards
are plugged into the computer frame
work.

Laboratory experience with the com-
puter has shown the magnetic circuits to
be very reliable. In low frequency
applications magnetic amplifiers have
been unsurpassed in reliability when prop-
erly designed and packaged. Now that
high speeds have been achieved with
magnetic amplifiers, speeds that are com-
parable to those which can be obtained
with any other available method of power
amplification, the magnetic amplifier will
find wide use in high-speed pulse handling
systems.

Purpose and Appllcatlon of the RCA
BlZMAC System

W.K. HALSTEAD  J. W. LEAS

HIS presentation before the 1956

Western Joint Computer Conference
is the first complete public presentation of
the RCA (Radio Corporation of America)
BIZMAC system. In November 1955,
the system passed acceptance tests and
was delivered in December to the Ord-
nance Tank-Automotive Command (OT-
AC) of the U. S. Army Ordnance Corps
in Detroit, Mich.

This set of papers covers the system
philosophy embodied in the equipment.
It attempts to set forth the reasoning and

J. N. MARSHALL  E. E. MINETT

planning behind the development of the
data-handling equipment.

The RCA BIZMAC system is an ac-
counting system in the broad sense that it
aims to mechanize all the functions of
record keeping, handling of data, calcula-
tion and decision, summarization, and
prediction which are the basic functions of
industrial paper work. It is a system de-
veloped to meet the requirements of such
work, and not an attempt to apply an
available component to the extent that it
can be useful. The measure of its suc-
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cess is cost reduction to its user. By mak-
ing a machine do routine “mental” work, it
will help to free many people from tasks
which are dull and repetitious, to be
available for more creative and challeng-
ing work.

In the Ordnance application, the job to
be performed is supply and stock control
of tank and automotive parts. It is a
task of some magnitude. The system
must be able to keep inventory records on
250,000 items. Each item contains data
of stock on hand at.a number of depots,
shipments made, goods received, back
orders, stock-leveling action taken, vari-
ous condition codes signifying such things
as whether an item is new, or used, ear-
marked for overseas shipment, etc., as

W. K. HALSTEAD, J. W. LEAS, J. N. MARSHALL, and
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well as the stock number, noun descrip-

tion, and total national inventory. The
average number of characters used to de-
scribe a stock item is 300, but in some
cases runs as high as 1,500. Each day up
to 65,000 transactions must be handled,
the inventory corrected, the reordering
and stock leveling action taken reported,
action on special cases indicated, and a
daily transaction record printed out.
In fact up to 254,000 lines of printing
must be put out each day.

A business machine system which em-
ploys a serial file is particularly well
adapted to cyclic operation. Therefore,
routine operations tend to be handled in a
cyclic manner. Yet in any business data-
processing task there are many times

when data must be examined singly with- -

out regard to the main procedure which
may be in process. In data-processing
systems where reference data are con-
tained in some sort of readable form,
handling of the look-ups can be accom-
plished manually with relatively little
cost. With the necessity to record data
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in an invisible form on magnetic tape in
order to process them rapidly, the prob-
lem of handling look-ups must be faced.
Obviously, duplicate files in readable
form can be maintained. The cost of
keeping such files up to date can soon out-
weigh their value. If, on the other hand,
it is possible to interrogate a magnetic-
tape file, the look-ups which must be
handled quickly and yet specifically can
be accomplished. Without such means,
look-ups can only be handled in a batch
after accumulation, which, of course, de-
lays actions considerably. To cover the
need for rapid random look-up, another
special-purpose machine called the inter-
rogation unit was designed. In the Ord-
nance application this unit will perform
some 100 demand look-ups in an 8-hour
day.

Now how these new machines and con-
cepts fit into the over-all data-processing
system will be examined. This can per-
haps be done best by tracing the flow of
data as it is processed through the RCA
BIZMAC system.

RCA BIZMAC Equipment

In looking at the RCA BIZMAC input
equipment, there are two basic types:
manual and automatic. Manual input is
through what is termed a tapewriter,
which is a keyboard device producing
punched paper tape and hard copy. A
similar machine can be used to verify the
input of the first one. This is called a
tapewriter-verifier. The operation is
similar to key verification of punched
cards. Not only does the punched paper-
tape output from the tapewriter provide
a ready means of verification, but it pro-
vides an economic means of transcription
from readable data to magnetic tape.
This is accomplished through the unit
known as the paper-tape transcriber.
It can actually transcribe the normal out-
put of about 35 tapewriters. The paper-
tape transcriber reads the code punched
in the paper tape and directly records it
on magnetic tape as the paper tape is
punched in the RCA BIZMAC machine
language. It transcribes data at 200
characters per second. To save key
stroke operations, the intermessage space
on the magnetic tape is introduced auto-
matically in the paper-tape transcriber
rather than having this put on the paper
tape by the tapewriter operator.

Automatic input is handled through
the unit called the card transcriber. It
reads punched cards at the rate of 400 per
minute, and has the ability not only to
split columns and add more data prior to
recording on magnetic tape, but also per-
mits rearrangements of data before re-
cording on magnetic tape. While this
rearrangement can be accomplished by a
computer pass, it is less costly to do this at
the card transcriber by means of plug-
board connections.

The data are recorded in machine lan-
guage on plastic-based magnetic tape.
Each reel of tape is mounted at a tape
station, and a pool of such equipment is
called the tapefile. This is the reference
and working file for the system.

The data are recorded 125 characters to
the inch on a 5/8-inch-wide tape, and the
tape is run at 80 inches per second giving
the rate of data transfer of 10,000 char-
acters per second. It may be of interest
to point out that all data are recorded
twice on the tape. Read-back of either
recording will give satisfactory operation.
This is accomplished by having 14 chan-
nels across the 5/8 inch width of the tape,
thereby recording each of the seven chan-
nels twice. No more electronics is re-
quired to accomplish this, as the seven
pairs of head coils are joined immediately
outside the magnetic head. The dupli-
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Fig. 2. Paper tape transcriber

Fig. 3. Card transcriber

cate recording is displaced half the width
of the tape and 1/8 inch along the length
of the tape. As only one or the other of
the dual recordings need be read to ob-
tain satisfactory operation, dual recording
is a very effective means of avoiding data
loss due to any imperfection in the mag-
netic tape.

As mentioned before, all tapes requiring
frequent access are mounted on tape sta-
tions which can be electrically connected
to other equipments. These trunk con-
nections are made remotely through a
switching unit containing telephone-type
relays.

For reasons of flexibility and ability to
alter schedules rapidly, the system central
is manually controlled. With this flexi-
bility comes the mecessity for accuracy

Fig. 4. Computer

Fig. 5. Sorter

control. Consequently each setup of a
trunk line connection, each instruction to
a particular machine, is either machine-
checked or independently operator-
checked. The system central concept and
design has been human engineered for
more efficient and accurate operation.

The RCA BIZMAC sorter will not be
described in detail in this paper, and
hence a few words of explanation may be
appropriate. While it is called a sorter,
actually its major use is in extracting by
list or class, and merging. Itactuallyisa
wired program machine which has some
13 separate modes of operation including
a simultaneous merge, substitute, extract,
and delete mode. This is the method
used to update the reference file and to ex-
tract from it the active accounts for the
next processing cycle. The sorting
method used builds up progressively
longer strings of messages arranged in
ordered sequence. It takes advantage of
any inherent order in the list of messages
to be sorted.

In practice, business data often contain
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much ordered data.
modes of operation, the sorter may have
anywhere from two to six tapes connected

Depending on its

to it. Once the appropriate tapes are
connected to the sorter for sorting, the
successive passes through the data on the
tapes are accomplished automatically by
the sorter without system central inter-
vention. It is only when the sorting is
completed and the data are recorded on
the output tape that the system central
switches that one tape to the next opera-
tion. It is possible on the sorter to sort,
merge, or extract on a criterion consisting
of up to 32 characters in the first 50 char-
acters of the message. This criterion may
be a composite one consisting of more than
one data item. To give an idea of speed,
assuming random order of messages, the
sorter can sort 16,000 100-character mes-
sages in approximately 90 minutes. It
can merge 150 such messages into 16,000
in 41/, minutes, Similarly, it can extract
the same number of messages in 4!/,
minutes.

As can be seen, the sorter can relieve
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Fig. 6. Tapefile

Fig. 7. Operator-verifier console

the computer of many of the data-shuf-
fling processes and, of course, perform
these simultaneously with computer oper-
ations. The saving in elapsed time in the
OTAC application is considerable. There
are three sorters in the Ordnance installa-
tion to handle the required amount of
data shuffling,

The RCA BIZMAC computer is
shown on the chart (Fig. 4) and will be
discussed later in greater detail. One of
the characteristics to point out at this
time is that up to five tapes may be con-
nected to the input of the computer, and
up to ten tapes to the output of the com-
puter. When so connected through the
system central, the use of these tapes is
entirely under the control of the com-
puter, and no system central intervention
is required until the computer is finished
with the use of a tape. It is a binary-
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coded alphanumeric machine, handling
data serially by character with a 3-ad-
dress program. The rate of computation
issuch that two decimal digits may be
added in 40 microseconds. It has both a
high-speed magnetic-core memory and
auxiliary internal storage, primarily for
program instructions.

The interrogation unit can have any
tape station within the tapefile connected
to it, and any particular message re-
corded thereon can be extracted. To ac-
complish this, an operator connects the
appropriate tapefile from the control con-
sole of the interrogation unit by referring
to an index. Incidentally, the interroga-
tion unit can prepare its own tape station
index. Once the tape station is selected,
the operator then types in the identifica-
tion of the particular data desired and
presses the “interrogate’” button. The
tape is run and comparisons made until
equality is obtained, at which time the
data are read from the magnetic tape,
and then are used to actuate the same
tapewrifer on which the operator typed
the identification number. Provision is
also made for printing the interrogation
output at remote points. The over-all
time for a complete interrogation aver-
ages approximately 4 minutes.

Looking at the output side of the RCA
BIZMAC system, two types of outputs
are indicated. The first, the electro-
mechanical printer, is a multiple-wheel
rotating-shaft printer which will print at
the rate of 600 lines per minute up to 120
characters per line. Editing for horizontal
and vertical tabulation is accomplished at

Fig. 8. Interrogation unit

the printer and up to three carbon copies
can be obtained.

The other type of output provides
means for translating data from magnetic
tape into punched paper tape. The unit
for accomplishing this is called the mag-
netic-tape transcriber. The paper tape is
punched in the RCA BIZMAC machine-
language code. It can be fed into an out-
put device known as the document
printer. Besides providing suitably tabu-
lated hard copy output, it can print both
lower and upper case letters. In the par-
ticular application at the Ordnance Corps,
this feature is used to provide copy for
typesetting catalogues where upper and
lower case letters are desired. In addi-
tion there is a 7-hole to 5-hole paper-tape
converter known as the paper tape coder,
which can transform the data into code
suitable for teletype winter transmission
or for input to tape-to-card converters.

A final point is the important system
consideration of accuracy control. Its
implementation must be related to the
accuracy requirements of business data
processing. These, we believe, do not call
for either the extreme of complete dupli-
cation of hardware or the opposite ex-
treme of complete dependence on pro-
grammed or procedural checks. Where
uniform procedures of accuracy control
can be applied repetitively, automatic
hardware checks should be employed, con-
sistent with the cost of such hardware.
Such hardware can usually save heavy
programming and processing costs. On
the other hand, where flexibility of check-
ing is desired to suit varying conditions,
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programming and processing checks are
usually best. The philosophy in the sys-
tem has been reflected in various ways,
which will be covered in the four
following papers.

About 1,300,000 messages or 230,000,-
000 characters of reference information
must be processed daily. An additional
7,500,000 characters are handled to proc-
ess the day’s transactions. Keeping up-
to-date information on all open orders:
vendor’s name, material ordered, shipping
dates, destinations, performance against
purchase orders, etc., calls for record
keeping on 120,000 ordered messages.

System Innovations

To accomplish these mass data-han-
dling tasks, certain new concepts were in-
dicated.

It was realized that there were several
special characteristics in business data
handling for which special system and
equipment provision were then made.

First of all it was realized that business
data themselves were highly variable in
content as well as length of data items.
This can be an asset if handled in the

"right manner. If one makes provision in
the recording of the data for actual length
of data, rather than maximum possible
length, very significant savings are
realized in length of magnetic tape used
and processing time. This approach was
pursued and the entire RCA BIZMAC
system was planned to handle variable
item and message lengths of data. (An
item is a single piece of data such as a
stock number of quantity. A message is
all the information relating to a particular
stock number or transaction.) In the
Ordnance application, the ratio of maxi-
mum to average length of inventory mes-
sagesis 5 to 1. Since a basic limitation on
speed of data processing is the rate at
which useful data can be read fromsthe
file, the advantage of having data re-
corded in the compressed form indicated
is obvious. With the same instantaneous
rate of data flow, a fixed word organiza-
tion of data would require approximately
five times as long to process as variable-
data-length organization. Similarly, the
data compression has made it economi-
cally feasible, for the first time, to leave
tapes mounted at their tape stations and
to provide enough tape stations so that
all tapes which are to be used regularly
can be mounted simultaneously. The
design of the tape station has been con-
siderably simplified and reduced in cost.
For instance, one amplifier control unit
can service up to five tape stations on a
time-shared basis, and one power supply

Fig. 9. Electro-
mechanical printer

can handle seven amplifier control units.

Leaving tapes at tape stations requires
a form of switching to connect a tape sta-
tion first to one processing machine and
then to another. This permits the im-
position of centralized control over the
entire system operation. The switching
unit and control consoles are called the
system ‘“‘central.” In basic concept this
is similar to a telephone exchange. Trunk
connections can be made between any
tape station and any operating equip-
ment. To handle a large flow of data,
such as in the Ordnance application, this
was found to be the only method to ac-
complish the task in the available time.
There are over 1,000 trunk connections to
be made daily. In addition, machine
setups as required are made by the system
central.

Another important characteristic of
business data processing is the relatively
large amount of rearrangement of data
that takes place. When data are recorded
serially on magnetic tape, it is necessary
to arrange these data in different ways for
various parts of the job. For instance,
inventory messages need to be extracted
from a reference file according to a list of
stock numbers, or according to a classifi-
cation such as new or used. The RCA
BIZMAC system has termed these opera-
tions “extract by list” and ‘“‘extract by
class.” Two message sequences need to
be merged together, such as updated in-
ventory messages being merged into a
master file, either together with the previ-
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ous data or replacing them. These opera-
tions are called ‘“‘merge” and ‘“‘merge-

substitute.” Incoming transaction mes-
sages may require sequencing in an order
different from the order in which they are
transcribed into the system. This is
known as sorting. These various opera-
tions must not only be performed rapidly,
but they must be performed using varying
criteria, i.e., sort on stock number, then
on depot location. In the particular in-
ventory control job of the Ordnance
Corps, this kind of data shuffling operation
is approximately three times the amount
of computational operations. While it is
true that the various functions of sorting,
extracting, and merging can be accom-
plished in most computers, these opera-
tions are not strictly computing.

In order to handletheseoperations more
efficiently, a special purpose machine has
been designed which is called a sorter.

System Flexibility

The innovations in the RCA BIZMAC
system bring to the large-scale data-
processing field a flexibility of operation
which has not heretofore been available.
This ranges all the way from the detailed
but important structure of information as
it is recorded on tape, through a highly
flexible programming system for the com-
puter, to the manner in which the system
as a whole is operated from a central loca-
tion. These subjects are described in
detail in following papers (pp. 124-42).
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Functional Organization of Data in the

RCA BIZMAC System

A.D. BEARD

ASIC to the data-handling pattern in
the RCA (Radio Corporation of
America) BIZMAC system is the highly
flexible arrangement of data on magnetic
tape. This arrangement was established
after careful study of actual business
data and processes to be handled by the
system. It was found that business data
have two major characteristics:

(a). Various parts of the data composing a
record differed from each other in their
maximum length.

(b). Each part of the data might vary from
time to time from nothing up to the maxi-
mum length called for by the characteristics
of the data.

The usefulness of a business machine
system in a given application ultimately
can be expressed in terms of cost of per-
forming the job. The costs of entering
information into the system, storing it,
and retrieving the information represent
important items in the over-all cost.
Whatever can be done to reduce the num-
ber of manual key strokes at the input, to
reduce the amount of magnetic tape used
to store a given volume of information,
and to reduce the time of passing through
this information in processing will pro-
duce large dividends in holding down the
cost of a job.

Arrangement of Data on Tape

Data in the RCA BIZMAC system are
represented by binary-coded characters
consisting of 7 bits each, 6 information
bits plus a parity bit. Inclusion of the
parity bit is one part of the RCA BIZ-
MAC accuracy control system. It is
used as a means of insuring accuracy in
the transfer of data. It is chosen to be a
one or a zero so as to make an even num-
ber of binary ones in every character.

Characters include the decimal digits,
the letters of the alphabet, punctuation
and certain other special marks, and a
group of control symbols used in organ-
izing data in the system. The code as-
signments permit alphabetic, numeric or
alphanumeric sorting.

Data to be processed by the system
are inscribed through one of several in-
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put devices and are recorded on magnetic
tape mounted at tape stations. The
7 bits of each character are recorded
simultaneously onto 14 parallel channels
on the tape. Each bit of the character
is recorded on two separate channels pro-
viding an added increase in the reliability
of the tape recording.

Groups of one or more characters hav-
ing some particular significance, such as a
numerical quantity, an alphabetic name,
a stock number, etc., are called items.
An item is always preceded by a control
symbol called an item separator.

All characters are recorded on tape,
and read from tape serially so that the
characters making up an item follow one
another in sequence from the most signi-
ficant to the least significant. Char-
acter spacing on magnetic tape is 125
characters per inch. The tape speed is
80 inches per second, giving a data rate of
10,000 characters per second.

One or more related items are called a
message in the RCA BIZMAC system.
A message is delineated by always having
a “start message” symbol as the first
character and an “‘end message” symbol
as the last character. Each message
usually consists of a number of discrete
items of information, some of which may
or may not be present each time. Each
of these items can vary in character
length from one to some sensible max-
imum. The maximum for one item may
be different from the maximum of an-
other. The use of item-separator sym-
bols allows the use of variable item
lengths, but does not preclude the use of
fixed item lengths.

It is important to distinguish between
two separate concepts included in the
term ‘‘variable item length.” First,
this implies that different items of infor-
mation may have different maximum
lengths. This may be referred to as the
nonstandard maximum item length.
Each item will have some maximum

possible length. Secondly, variable item -

length implies that each item of informa-
tion may have a varying number of char-
acters from zero (not present) up to this
assigned maximum length in any particu-
lar message.

The items of a message follow omne
another in sequence, each being pre-

ceded by an item-separator symbol. In
every message of a given type the n'® item

- always has the identical connotation,

e.g., date. Therefore, a count of the
item-separator symbols, starting with
the first which follows immediately after
the start-message symbol, permits identi-
fication of the meaning of any item.

If any particular item of information
should not occur in certain messages, its
item-separator symbol only is recorded
on the tape in its proper sequence, ex-
cept that it too may be omitted if
the items that follow it are missing also.
In this case, the end-message symbol may
follow immediately after the last active
item. Thisavoids writing an unnecessary
number of consecutive item-separator
symbols at the end of a message. Thus,
with such a system, a further gain is
achieved by arranging the most fre-
quently used items at the front of the
message.

Fig. 1 illustrates the layout of a typical
message on magnetic tape. The message
consists of a start-message symbol,
followed by an item-separator symbol,
and the characters of the first item, the
succeeding items (each preceded by an
item-separator symbol) and an end-
message symbol in that order.

It is frequently desired to read mes-
sages individually from magnetic tape
and to record messages individually on
tape, stopping for a period of time be-
tween messages. Therefore, sufficient
blank tape must be provided between
successive messages to allow stopping
and starting the tape between messages
without missing characters. The design
of the tape station is such that 5/8 inch is
adequate for this purpose.

Fig. 2 illustrates the difference between
systems which use either the fixed word.,
the nonstandard maximum, or the variable
word used in the BIZMAC system. In
the fixed-word system each word must be
equal in length to the maximum word ex-
pected to be processed. In the example,
this is 12 digits. In the second example
(nonstandard maximum) a saving of
digits is realized by requiring each item or
word of a message to be equal only to the
maximum length expected for that par-
ticular word. In the example chosen this
is seven digits. The variable word used
in the BIZMAC system however, re-
quires only the meaningful digits for any
item.

Influence of Data Pattern on
System Design

It should be clear from the preceding
sections that the variable item and mes-
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sage length concepts lead to extraordinary
savings in tape space, and hence in tape-
file processing time. Inalarge inventory-
control operation, ratios of maximum to
average message lengths have been en-
countered which have exceeded 5 to 1.
This ratio, in fact, applies to the main in-
ventory file composed of approximately
250,000 messages.

Obviously, these concepts of data pat-
tern influence the design of the data-
processing equipment. The special sym-
bols which indicate start message, end
message, and jtem separator are used as
sentinals to convey to the processing
equipment the meaning of the accom-
panying information, and to control
equipment action in accord with pre-
viously established programs or machine
settings. In this sense, the special sym-
bols replace character counts so com-
monly used in fixed-word-length com-
puting systems,

In the sorter, for instance, the selection
of the sorting (or merging, or extracting)
criterion is based on a recognition and
counting of item-separator symbols, rather
than characters, beginning with the item
separator immediately following the start-
message symbols. (Under certain cir-
cumstances, the criterion can be a part
of an item, in which case it is necessary to
count characters within the designated
item to arrive at the start of the criterion.)

In the computer, the high-speed
memory is laid out on the basis of the
maximum number of items in the in-
coming, and outgoing, messages, and of
the maximum assigned character count
for each item. Since that much memory
must be available anyhow to handle the
maximum-maximum case, fixed memory
assignments are made, since they simplify
programming and speed up processing.

The computer ‘“read-in” instruction
has associated with it a series of addresses
giving the starting (leftmost) positions in
the memory for consecutive items on the
input tape. In this manner, the com-
pressed information on the tape can be
spread out to permit fixed-address pro-
gramming for the remainder of the com-
puter processing job. Since the series of
read-in addresses does not have to be
monotonic, the read-in process can be
used simultaneously for editorial re-
arrangements, preparing for subsequent
printing, for example.

For the ‘“‘write-out” operation, the re-
verse requirerment exists, at least in those
instances where a file or intermediate
storage tape is created. In these in-
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Fig. 1.

Organization of data on magnetic tape

stances, it was found most expeditious to
precede the write-out instruction by a
‘“‘compress” instruction. This shifts all
meaningful information close together in
one area of the high-speed memory, elim-
inating all unnecessary space characters
and, if so programmed, also suppressing
all zeros which may have built up to the
left of the most significant character in
some results of arithmetic operations.

Another peculiarity of the compression
of information on tape is that left-justi-
fied and right-justified numbers are not
readily distinguished from each other.
An example of left-justified numbers ex-
ists in the Dewey Decimal System of book
cataloguing where places of equal signi-
ficance are measured from the left end of
the number. Alphabetic lists (telephone
books) are also usually left justified.
Right-justified numbers, typically, are
dollars-and-cents amounts, or other in-
tegral numbers in columns which are to
be added. Few, if any right-justified
alphabetic items exist in practice,

In the computer, right justification be-
comes important in connection with
arithmetic operations. All items are
read left-justified from tape to high-speed
memory, ie. with the most significant
digit immediately to the right of the
item separator. Arithmetic operations,
on the other hand, proceed from right to
left, and the memory for the numerical
items involved is addressed at the right-
most location, where the least significant
digit would appear if the item were long
enough to occupy all allocated memory
positions. If the actual item is shorter,
space characters appear in the remaining
memory positions to the right. In
carrying out an arithmetic operation,
the computer skips over any such unused
position, and then works with the numeri-
cally significant digits, automatically
“lining up”’ the least significant digits of
the two operands. Since the computer
only works with the significant digits of a
word, considerable savings in computer
time are realized. This concept of
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item Quantity on Hand - 478
Maumum Length of Item= 7 Digits
Average Length of ltem= 4 Digits

NON STANDARD MAXIMUM
VARIABLE WORD (BIZMAC) 4178

Fig. 2. Variable word data organization on
tape

The use of variable word organization on tape:
Minimizes tape storage requirements
Minimizes the number of tape handling

mechanisms required
Minimizes the time required to pass infor-
mation to and from magnetic tape

variable operation time in the computer
is discussed in a later paper (Bensky et al.).

The foregoing examples show the ex-
tent to which the major equipments have
been specially designed to accommodate
the basic data organization. This was
thought to be particularly important in
connection with the computer.

In some of the peripheral devices, com-
promises have been struck in favor of
equipment simplification. In the electro-
mechanical printer, for instance, item-
separator symbols are used to cause
horizontal tabulating of information in a
line, but right justification of an item can
be obtained only by previously inserting
on the tape the required space symbols to
the left of the numeric digits. This is
done in the computer. Similarly, in the
card transcriber, some unnecessary space
symbols, derived from blank card col-
umns, are recorded on the magnetic tape.

Although the system is designed to
take full advantage of variable item and
message lengths, with the restrictions de-
scribed above, this does not preclude the
use of fixed lengths where convenient.
The card transcriber for example, pro-
duces fixed item and message lengths,
since data read from punched cards are
arranged in fixed fields. After tran-
scription, this information may be read
directly into the computer memory and
compressed as desired.

Summary

In summary, the variable item and
message lengths concepts lead to a highly
efficient tape-storage system.

Extremely significant savings in tape
space and hence tape-file-processing time
are achieved. The quantity of manual
input operations is held to a minimum.
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The RCA BIZMAC System Central

J. L. OWINGS

HE RCA BIZMAC system is a prod-

uct line of fully-integrated electronic
data-processing machines, which has been
designed to meet the large volume re-
quirements of commercial applications.
A typical large installation may have
about 200 separate RCA BIZMAC units.
To operate such a large assemblage of ma-
chines, a means must be provided for
integrating them into an operating unity
and for controlling their operation at all
times. For the RCA BIZMAC system
the ‘‘system central” is the integrating ele-
ment and the focus of all operating ac-
tivity.

The design of a system central was based
on the concept of centralized control of all
elements in the system. This concept is
well known in other fields for obtaining
optimum performance from assemblages
of equipments and operators, and is well
stited to the field of electronic data-proc-
essing machines. A review of the design
of the system central that was provided
for the RCA BIZMAC system which was
supplied to the Ordnance Tank and
Automotive Command (OTAC) will show
how it is made and how it is used to con-
trol the operation of the system.

The RCA BIZMAC Machines

Before looking into the data-processing
task itself, a knowledge of the function of
the machines in the system and what
system central has to do to operate them
is necessary. Fig. 1 shows the RCA
BIZMAC equipments. They consist of
input machines for transcribing data into
the system, a magnetic-tape storage file
for both long-term and short-term stor-
age of data in the system, processing
machines for computing on and rear-
ranging data, output machines for trans-
cribing data from the system after proc-
essing, and auxiliary machines which ful-
fill special system functions.

System Central Functions

To transcribe data into the system it is
necessary to select one of the input ma-
chines and one of the magnetic-tape-stor-
age units, connect them together, set up
the input machine, and operate the two

J. L. Owings is with the Radio Corporation of
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machines. To reduce both operating and
equipment costs, the tape units have been
designed for automatic operation under
the control of the data-processing machine
to which they are connected. This is an
important system feature, because it
means that there need be no occasion for
an operator to attend any one of the tape
stations during periods of normal opera-
tion. This considerably reduces the cost
of operating an RCA BIZMAC system.,

To process data on one of the major
machines in the system, it is necessary to
select the proper kind of machine for the
job and the particular tape stations which
contain either the data to be processed
or the reels of magnetic tape which will
be used to carry the processed data to the
next operation, connect the tape stations
to the correct input and output trunks of
the data-processing machine, instruct the
machine, and proceed with the operation.
During the operation it may be necessaty
to supply more than one reel of data (on
magnetic tape) to one or several informa-
tion trunks of the machine. When one
tape is exhausted, the major machine
automatically initiates rewind of the tape
and requests the next tape. It is then
necessary to select the proper tape sta-
tion from the storage file and the ma-
chine trunk which needs the tape, con-
nect the two, and continue with the opera-
tion.

To transcribe data from the system it is
necessary to select an output machine
and the tape station which contains the
data to be transcribed, connect the two,
set up the output machine, and transcribe
the data.

These functions, i.e., selecting, con-
necting, instructing, and operating, are
fundamental in the operation of an RCA
BIZMAC system and, as such, must be
provided in the design of system central.
Another essential function is over-all con-
trol of the operation of the system. The
principal areas for control which system
central is responsible for are: the orderly
execution of data-processing operations,
the location of all data which are on mag-
netic tape, the setup and operation of all
machines in the system, and the work
which operators do. With these func-
tions in mind, a typical example of a par-
ticular job is given, and the resulting de-
sign of a system central is presented.

The Task for System Central

The task for the RCA BIZMAC system
encompassed all the bookkeeping for the
OTAC depot located at Detroit, Mich.
This consisted of stock control, supply
control, catalogue changes, cross-reference
filing, etc., on some 250,000 catalogue
items. The work load for the system in-
volved processing approximately 80,000
transactions per day. This required
about 100 machine operations and 1,000
individual tape connections. To do this
amount of work each day required a highly
integrated and controlled system.

First, the task must be stated. This
is done without reference to any form of
implementation. What must be ob-
tained from the system, what available
data there are to work with, and what
must be done with these data to get the
desired results is determined. The next
step is to determine how to do this with
the RCA BIZMAC machines. This
leads to a chart of the form shown in
Fig. 2. Here the flow of data is shown in
a general way and only machine types are
referred to. However, before the job
can be given to the system it must be
reduced to much greater detail. In
Fig. 3, a block diagram of the task in the
form needed by system central is shown.
Each block represents a single machine
operation, and the lines which inter-
connect the blocks show the flow of data
from trunk to trunk of each machine
operation. This diagram is prepared
by a planning group and shows all the
data-processing operations which are to
be done on one batch of input data. In
addition to this chart, the planning group
supplies system central with detailed in-
structions for all machine operations.
These consist of data loads on the input
and output of each machine operation,
machine setup instructions for all opera-
tions, the approximate operating times
for each machine operation, and the
priorities and prerequisites among all
operations. This information is supplied
to the system central in the form of
charts and decks of operation cards.
An example of an operation card for the
sorter is shown in Fig. 4. The operation
number, machine type, and priority
number are located on the card tab. The
setup instructions for initiating the opera-
tion are located in the solid color area of
the card. The connections needed to
supply additional data to the machine
during an operation are shown in the area
titled “subruns.” This card, when it
has been filled out completely, contains all
the information needed by the system
operators to set up the system and do the

Owings—The RCA BIZMAC System Central



operation. When this card reaches sys-
tem central, it contains all the informa-
tion needed for operation except the num-
bers of the tape stations which will be
connected to the machine trunks during
the operation.

As mentioned previously, data are
processed through the system in batches.
Each batch may be released to the system
as soon as the detailed plans for operation
have been completed. Therefore, there
may be more than one batch of data in
process on the equipments at one time.
Fig. 5 shows how, in a typical operating
situation, cycles may overlap during
normal system operation. Cycles are
introduced into the system at irregular
times. The time needed to complete a
cycle is only roughly known at the outset
and may be radically changed by unfore-
seen or unanticipated operating condi-
tions. This means that detailed schedul-
ing of the use of data-processing machines
and tape stations is not practical or de-
sirable. The most desirable situation is
to use the machines and tape stations
when they are available, and control the

order in which things are done instead of
the time at which they are done. This
then, is the situation which system central
was designed to accomplish.

The System Central

Fig. 6 is a diagram of the system central
which was designed for this system. This
diagram shows system operation under
control of system central. The lightning
strokes show the system operator’s con-
trol over both the operating team and
the system machines. The broad arrows
show the flow of operating instructions
from the operating team into the system,
and the feedback from the system to the
operators. In addition to these operators
there is another group of operators located
at the various input and output machines
which require manual setup and opera-
tion. The work of these operators is
strictly controlled and co-ordinated with
the activity in the system central control
room through procedures and the use of
the operation cards.

Owings—The RCA BIZMAC System Central
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Fig. 2. RCA BIZMAC OTAC acceptance
test

To assist the operators in performing
the functions of selection, connection,
instruction, and operation, system central
contains a switching unit, an operation
control unit, and a set of consoles and
control panels for the operators. The
switching unit consists of electromagnetic
relays of a special design to provide relia-
ble operation for long periods of time.
Fig. 7 is an example -of the kind of relay
which was the basic element used in the
switching unit to connect tape stations to
machine trunks for operation. The opera-
tion control unit supplies the checking,
lockout, transfer, and other functions
needed to set up elements of the system
for operation, guard the system against
improper operating routines and operator
mistakes, and return the monitoring in-
formation needed by the system opera-
tors. The consoles, as shown in Figs. 8
through 10, provide the work space and
control panels needed by the system
central operators to perform their duties.
These consoles were human-engineered
to make operation simple and straight-
forward for the operators, and to be
comfortable to work at for long periods
of time. The operating functions of di-
rection, setup, and monitoring were
separated and provided on separate con-
soles on the basis of the amount of op-
erating load which was required for each
of these functions in this system.

Human Engineering
The system central provisions for select-
ing, connecting, instructing, and operat-

ing machines have-been reviewed. Now
the provisions for controlling the proces-
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sing of data and the operators who do the
work should be reviewed. This area of
system central design leaned heavily
upon know-how in the field of human en-
gineering, because it was very important
that the system be easy to operate and
at the same time protected from mistakes
which the operators might make. It is
easy to see that a wrong connection, or a
wrong machine setup, or an operation
done out of order, might cause destruc-
tion of valuable data and great loss in
time. To avoid these things, tight con-
trol was provided for all operator ac-
tivity. Fig. 11 shows the flow of operat-
ing instructions among the system opera-
tors, and the checks used to guard the
system against operator mistakes. This
is a closed-loop type of operation, and is
based upon a scheduling technique which
was developed specifically for this job.
It permits the use of both data-processing
machines and tape stations on essentially
an availability basis, yet provides tight
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Fig. 3. Consolidated flow chart—one cycle

control over the flow of data through the
system. It also permits the processing:
of several batches of data through the
system at the same time.

Schedulers

The schedulers receive, from the plan-
ning group, sets of detailed instructions
for processing batches of data, and, from
the operating group, both status indica-
tions on the progress of work already in
process on the machines, and indications
of tape stations which were available for
handling new data. With this informa-
tion, they complete the preparation of
operation cards for all the operators.
To avoid the consequences of human error
in doing this work, two schedulers are
used. They ‘work independently at fill-
ing out identical decks of operation
cards and the correctness of their work
is checked by the interim scheduler, who
inspects completed cards for identity and

This

rejects cards containing errors.
procedure, called verification through
independent duplication, is a powerful
tool for checking the accuracy of opera-

tor performance. It enables the opera-
tors to work quickly at simple tasks and
is quite effective for spotting errors made
by either of the two people who do identi-
cal work.

Interim Scheduler

The interim scheduler controls the dis-
tribution of operation cards to all opera-
tors. He has to make sure that the sys-
tem is ready for each operation before he
releases the cards. To do this he receives
operation cards for completed operations
from the operators and checks them off
against a list of prerequisite operations.
Each operation card has a list of pre-
requisite operations which must be com-
pleted before it can be released. This list
is prepared by the planning group and

Owings—The RCA BIZMAC System Central
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forwarded to the control room as part of
the operating instructions, The purpose
of the list is to provide a routine pro-
cedure for controlling the order in which
operation cards are released to the opera-
tors, and thereby control the order of
processing data through the system.
When the cards are delivered to the sys-
tem operators, the system is ready to
handle the data as soon as machines are
free. The work described thus far re-
quires judgment and decision-making by
the schedulers. In this system also, there
is a comnsiderable time lag between the re-
lease of operation cards and the actual
setup and operation of the machines.
This time lag is a very important factor
in allowing enough time for judgment in
filling out the cards, checking them, and
determining when to release each card.

System Operators

The actual setup and operation of ma-
chines is done by the system operators.
These people consist of a system operator
who selects machines for operation and
directs all operation, a monitor who
keeps track of the progress of eperations
in the system as well as the operating
status of machines, two teams of operator-
verifiers who set up machines and con-
nect tape stations to machines for opera-
tion, and a group of input, output, and
auxiliary machine operators who set up
and operate the machines which are not
directly operated from the control room.
All the operators work from operation
cards.

The monitor receives operation cards
from the interim scheduler and checks to.

Owings—The RCA BIZMAC System Central

Fig. 7. Wire spring relay

Fig. 8. System operator console

make sure that the prerequisites have
been met for each operation before he re-
leases the card to the system operator for
action. This checking procedure, called
double checking, is useful for finding
errors in very simple tasks. It is not so
effective as verification through independ-
ent duplication, but it is faster,

The system operator receives cards
from the monitor, selects machines for
operation, and releases the setup to an
available operator-verifier team. The
selected operator-verifier team refers to
its operation cards, and then each one
proceeds independently to make identical
setups on different consoles. The sys-
tem central operation-control unit checks
the identity of the setups, rejects errors,
and transfers correct setups to the ma-
chines in the system. This is another
form of verification through independent
duplication, only, this time, a machine is
used to check the identity of the work
of the operators. This not only checks
the operator and verifier but also pro-
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Fig. 9. Monitor console

Fig. 10. Operator-verifier console

vides a second check on the identity of
the work of the schedulers. When the
setups are complete, the monitor checks
his displays to make sure that the equip-
ment functions properly, then signals the
system operator that the operation is
ready to proceed. The system operator
starts the machine and then goes on to
other work. At times of peak activity
in the system, the system operator has
both operator-verifier teams busy making
setups for different operations at the same
time.

The activities of the operators of the
input, output, and auxiliary, machines
are co-ordinated with the control room
through the handling of the operation
cards. The operation cards contain de-
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tailed instructions for machine setups,
and each operator has to supply a written
record of certain critical information with
regard to how he did his work. This is
checked by a floor supervisor before other
dependent operations are permitted to go
ahead.

All these operating procedures de-
scribed were reduced to simple routine ac-
tions, and the procedures were made
sitnilar for all operations. This made
them easy to learn, and easy to do. The
operators at the consoles had very simple
decisions to make, and could work fast to
keep machines busy. The procedures
used and equipment checks provided the
necessary safeguards to protect the sys-
tem against the consequences of mistakes
by both the schedulers and the operators.
Thus, human engineering provided the
know-how for operating the equipments
and controlling the processing of data

through the system in a manner which
was easy for operators to learn and do.

Consoles

" The design of the consoles for the
operators who work in the control room
was an important factor in making the
work easy for the operators and enabling
them to work quickly and accurately.
Fig. 12 is a close-up view of the system _
operator’s console. On the left side of the
vertical section are status indications for
the most heavily used machines in the
system. On the right side of the same
panel are control buttons for the more im-
portant machine functions. In the cen-
ter of the sloping panel is a register con-
trol for indicating the operation the sys-
tem operator wants to initiate, and for
selecting the machines he wishes to do the
work. On the right and left sides of the

Owings—The RCA BIZMAC System Central
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same panel are the team-control sec-
tions. The controls and indicators on
these panels are arranged in the sequence
for normal use, and follow the same design
principles used in connection with the de-
sign of the control panels for the input
and output machines.

Fig. 13 shows the control panels for the
operator-verifier consoles. The vertical
panel contains directions for action and
registers for displaying the number of the
operation card which is to be used for the
machine setup. The sloping panel con-
tains the controls used for connecting tape
stations to machines and for setting up
the computers and sorters. The controls
are arranged for sequential operation from
left to right. Color is used to separate
the function of tape connection from ma-
chine instruction, and indications are
provided to tell the operator whether or
not his work is in agreement with his
partners’. A call button is provided for

T

Vertical section of monitor console

Inclined section of monitor console

Fig. 16. Paper tape transcriber before human engineering

Fig. 17. Paper
tape transcriber after
human engineering

signaling the system operator if there are
operating difficulties. To make the work
at these consoles even easier, the opera-
tion cards were designed so that the in-
formation was displayed on the cards in
the same arrangement as the controls on
the console. (See Fig. 4.)

Fig. 14 shows the vertical section of the
monitor’s console. This panel displays
the operating status of each tape station

Owings—The RCA BIZMAC System Central

in the system. Fig. 15 shows the slop-

ing panel of the same console. This panel
displays both the operating status of the
sorters and computer, and the status of
the data-processing operation which is in
progress on each of these machines.

The human engineering of the system
was carried beyond the system central
control room to include all those areas
where operators work with machines and
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must be directed and co-ordinated from
the system central. This included the de-
sign of control panels for operating the
input, output, and auxiliary machines in
the system. A brief review of the results
of this effort will show how human-engi-
neering principles lead to good equipment
design.

The controls and indicators needed for
the operation and maintenance of each
machine were first divided into two
classes, i.e., operation and maintenance.
Where possible, those needed for opera-
tion were grouped on an operating paﬁel,
and those needed for maintenance on a
maintenance panel.

The operating panel was made easily
accessible to the operator and the main-
tenance panel accessible to the mainte-
nance man. On the operating panels, con-
trols were limited to a single design of
push-button light which contains a light
inside the button. This push-button light
was specially designed for the RCA BIZ-
MAC system. Indicators were limited to
three colors: green, amber, and red.
Throughout the system, green generally
means: go, the situation is normal, or,
proceed with the operation. Amber in-
dicates normal operation—no operator
action required. Red indicates trouble,
an operating status which is not normal.
The names of similar controls and indica-
tors were made the same on all control
panels. Directness of meaning, common
usage, and avoiding the use of abbrevia-
tions were important considerations in
choosing names. Names were chosen for
controls to tell the operator what would
happen when the control was activated.
The indicator names tell the operator
what has happened or what was happen-
ing. All control panels were designed with
large readable letters and good contrast
between letters and the background.
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Careful attention was paid in the selection
of material to avoid glare.

The control panels for the input, out-
put, and auxiliary machines were all
similar in design and laid out so that an
operator could easily learn to operate any
machine. The panels were divided into
three sections. The section on the opera-
tor's right contains all the controls and
indicators which are used for normal
operation and which are similar among
all machines. The section on the opera-
tor’s left contains all the controls and the
indicators associated with abnormal or
faulty operation. Wherever possible, the
indicators for similar functions on the
right and left side are opposite each other
to make it easy to notice the cause of
trouble. The center section of each panel
contains the controls and indicators which
are peculiar to the specific machine, or
were placed in the center section to
focus attention.

The basic pattern for arranging the
controls and indicators follows the simple
sequence: (1) an indicator to indicate the
requirement for operator activity, (2) a
control to effect the required action (push
button), and (3) a feedback (light inside
the push button) to indicate the successful
accomplishment of the act. Where possi-
ble, the controls and indicators were ar-
ranged in sequences from top to bottom or
left to right, in the order of normal use, to
guide the operator and provide simple
habit patterns. This procedure makes
machine operation simple, straightfor-
ward, and easy to learn. When followed
on all machines in the system, each opera-
tor can easily learn to operate any ma-
chine. Operators are interchangeable.
New operators can be quickly trained.

An example of the control panel for the
paper tape transcriber will illustrate some
of the human-engineering design features

which were mentioned. Two panels are
shown for this machine to emphasize the
value of styling, proper panel layout, and
lettering. Fig. 16 shows the panel before
human-engineering design. Fig. 17 shows
the panel after the studies had been com-
pleted. The basic design shown in Fig. 17
was used on all input, output, and auxil-
iary machines in the system.

Summary

To summarize what has been said, re-
turn to Fig. 6. The system central is the
focus of all operating activity for an RCA
BIZMAC system. Its design includes
providing the means for selecting ma-
chines for data-processing tasks, and tape
stations for working with these machines,
for connecting tape stations to machines,
for setting up machines for operation, for
operating the system, and for controlling
all the things which contribute to co-
ordinated and integrated system per-
formance. Human engineering played a
large part in making the system easy to
operate and providing the know-how to
protect the system from the effects of
operator mistakes. -

Through the use of the system central,
the task of operating the system has been
reduced to the point where a few operators
located in a centralized control room can
control the operation of about 200 ma-
chines, and rapidly process large quanti-
ties of data through complicated operat-
ing routines in a controlled and orderly
fashion. This facility permits high utili-
zation of data-processing equipment,
provides effective control over the
accuracy and efficiency of all aspects of
data processing, makes it easy to accom-
modate changes in requirements, and does
this all for a low investment in provision
for operation.

Owings—The RCA BIZMAC System Central



Characteristics of the RCA BIZMAC

Computer

A. D. BEARD

D. L. NETTLETON

HE RCA BIZMAC computer has been
developed as a major element of the
RCA BIZMAC system which is primarily
intended to handle cyclical accounting,
such as inventory control, as employed
at the Ordnance Tank and Automotive
Command in Detroit, Mich. The com-
puter resulting from this development is
a large-scale data-handling device of
speed and versatility which economically
fulfills the requirements of the system.
The design also permits the computer to
be used in areas other than cyclical ac-
counting; e.g., digital system simulation
and statistical analysis.
The RCA BIZMAC system philosophy
dictates that the computer:

1. Be capable of handling large amounts of
alphanumeric data at high speeds.

2. Be proficient in making complicated
logical decisions.

3. Possess facility in editing and organiz-
ing data.

4. Be moderately agile in arithmetic proc-
esses.

5. Be able to process variable item and
message lengths in order to work efficiently
with the remainder of the system.

6. Be competent in preparing data for
specialized functions; e.g., sorting or docu-
ment printing, although the computer need
not be highly competent in these functions
per se.

The RCA BIZMAC computer may be
described as a large-scale serial 3-address
stored-program digital machine. Ithasa
magnetic-core memory and employs mag-
netic tape as its basic medium for input
and output. Certain specialized features
which make it especially adept in cyclical
accounting applications are:

1. Completely variable word length in all
internal operations.

2. Highly flexible instrtiction complement
directed toward editing and organizing
facility.

3. A control philosophy which offers ex-
treme operational flexibility and simplifies
trouble shooting and maintenance.

Description of the RCA BIZMAC
Computer

‘Within this paper it is impossible to
transmit all of the design features em-

L. S. BENSKY
G. E. POORTE

bodied in the computer. Hence this
paper will describe briefly the organiza-
tion of the computer and emphasize some

“of the features which distinguish it from

other machines.

Basric OUTLINE

The RCA BIZMAC computer proc-
esses items, defined as a group of one or
more characters having some particular
significance; e.g., a numerical quantity,

- an alphabetic name, a stock number com-

posed of mixed letters and numbers, and
messages, consisting of one or more re-
lated items, of completely variable
length. FEach alphanumeric item is
handled on a character-by-character basis.
Each character consists of six binary digits
plus a parity digit. Instruction execu-
tion time is a function of the item length;
for example, an addition of two 10-digit
numbers consumes approximately 500
microseconds, while the addition of two
5-digit numbers consumes only 280 micto-
seconds.

The machine employs a 3-address in-
struction code and possesses 22 distinct
operations each of which has several vari-
ations. The principal input and output
is through imagnetie tapes operating at
10,000 characters per second. As many
as 15 individual tapes can be connected
to the computer at one time. The mag-
netic-core memory of the machine is
comprised of two banks of 2,048 charae-
ters each with 20 microseconds access
time, backed up by a 32,768-character
auxiliary memory of 5 milliseconds aver-
age access time. The logic of the com-
puter is implemented by use of approxi-
mately 5,000 vacuum tubes and 18,000
diodes.

The block diagram is shown in Fig. 1.
The A, B, and C counters are used to
address the memory, 4 being associated
with the left bank, B with the right bank,
and C with either bank. Each memory
location, capable of storing one character,
is individually addressable by these
counters.

A. D. Bearp, L. S. Bensky, D. L. NETTLETON,
and G. E. PoorTE are with the Radio Corporation
of America, Camden, N. J.
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The program counter keeps track of the
next program step to be executed and is
used to locate groups of instructions to be
transferred from the auxiliary memory
into the high-speed memory. The pro-
gram subcounter functions as a conven-
tional program counter only for those in-
structions which have been stored in the
magnetic-core memory, which will be re-
ferred to as the high-speed memory
throughout the remainder of the paper.
The memory registers, left and right, re-
ceive characters read to or from the
memory and serve to supply the adder,
symbol recognition, and the magnetic
tapes with information. Symbol recog-
nition is used to determine the end of op-
erands, sign of operands, and similar func-
tions. The adder and converter work in
excess-3 code and produce a checked re-
sult which is temporarily held in the adder
output register prior to its transfer to the
high-speed memory. The tape logic, in
conjunction with the adder output regis-
ter, accepts characters arriving from tape
at an asynchronous rate and transfers
them to the high-speed memory. An ex-
planation of storage and flow of instruc-
tions and data follows. This will serve
to illustrate more fully the functions of
the blocks just described.

INSTRUCTION STORAGE AND FLow
Instructions

The 3-address instructions of the com-
puter are fabricated from the informa-
tion contained in eight RCA BIZMAC
characters. The operation code is com-
posed of two characters, the first speci-
fying the basic instruction, the second
specifying variations of the imstruction.
Twenty-two basic instructions are pro-
vided in the computer. However, the
programimer by use of the variation code
may exercise options on these basic in-
structions, thus providing valuable pro-
gramming flexibility with consequent re-
ductions in computing time. Each of the
three addresses consists of two characters
whose 12 usable bits (the parity bits
are used for checking only) permit the
selection .of one of the 4,096 individual
memory locations. Each address in gen-
eral specifies one of the limits of an item
and may be selected by the programmer
for optimum memory usage.

Surge of Instructions

The extensive program for a given com-
puter run is economically stoered in the
auxiliary memory. However, in order to
achieve a reasonable average instruction
access time, a relatively small chain of
instructions comprising that portien of
the prograimn in process is transferred from
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Fig. 1. Computer block diagram

the auxiliary memory and stored in the
high-speed memory. This is referred to
as a surge of instructions. When these
instructions have been executed, an auto-
matic surge of the next group from the
auxiliary memory into the high-speed
memory occurs; The number of instruc-
tions surged is programmed in multiples
of four up to a maximum of 64.

Addressing of Instructions

Instructions for transfer from the auxil-
iary memory are selected by the program
counter which maintains the number of
the instruction next to be executed.
Transfer of control may be effected by
setting this counter to an appropriate
instruction number. Once a group of
instructions has been transferred from the
auxiliary to the high-speed memory, the
program subcounter functions to address
the high-speed memory during the rapid
read-out of instructions to the operation
registers and the addressing counters.
By programming, the contents of this
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subcounter may be changed to effect a
transfer of control to other instructions
already contained in the high-speed mem-
ory storage. Another important function
of the subcounter is to determine when the
last instruction in the surge has been exe-
cuted, and thus initiate the next surge of
instructions from the auxiliary memory.

Staticizing of Instructions

The initial step prior to every instruc-
tion execution is to read out of the high-
speed memory the proper instruction and
store it in the operation and variation reg-
isters and the 4, B, and C counters.
This will be referred to as “staticizing an
instruction.” During the read-out from
the high-speed memory, both banks are
addressed in parallel by the program sub-
counter. Four 20-microsecond cycles are
required to staticize the instruction since
two characters are read out simulta-
neously. When the staticizing has been
completed, the program control signals
for the execution of the instruction.

DATA STORAGE AND FLOW

Data enter the computer from magnetic
tapes via trunks specified by the program.
Characters from tape enter a 1-character
buffer and are then transferred to memory
registers, left or right, and then to the
high-speed memory, Under the control
of the program, items are assigned indi-
vidually to various high-speed memory lo-
cations thus enabling the programmer to
arrange the information as it enters the
computer.

Internal data may be transferred within
a memory bank, from one bank to the
other, or between the high-speed and
the auxiliary memories. All characters
transferred internally or externally flow
through the memory registers where they
are checked for even parity, and special
symbols are recognized. Data to be
transferred are specified by indicating the
address of one limit of an item and are
terminated by either recognition of a
control symbol or a specified limit. In
arithmetic processes, data flow is from the
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Fig. 3. Status Aow diagram of the transfer
of data instruction

memory through the memory registers to
the adder, then to the adder-output
register. From the adder-output regis-
ter data are returned directly to the mem-
ory. Data flow in the arithmetic proc-
esses is controlled by recognition of
special symbols.

Information is read out to magnetic
tape from the memory through the mem-
ory register right and then to the trunk
specified by the programmer. A return
signal derived from the current passing
through the tape recording heads is re-
turned to the memory register left and a
comparison is made between the two
memory registers to insure the correct
receipt of information at the recording
head.

Computer Concepts

The RCA BIZMAC system requires a
computer that can accept and generate

Fig. 5. RCA
BIZMAC computer

magnetic tapes with variable item and
message lengths, In order to conserve
high-speed memory, and to minimize
operating time, variable item lengths are
used internally also. This leads to a
machine of advanced design, embodying
several original concepts.

THREE LEVELS OF INTELLIGENCE

Three levels of intelligence exist within

the computer. First are the 22 individual
Table |

Status

level Function

ROOQOL1...Read out first part of an instruction

ROO2...Read out second part of an instruction

ROO3...Read out third part of an imstruction

ROO4...Read out fourth part of an instruction

RO..... Read from the memory

ROM .. .Read out a multiplier digit

RS..... Read out and search for a significant
character

RI...... Read into the memory

RIC....Read a special character into the
memory

RE..... Obtain new instructions or data from
auxiliary memory

RD..... Dummy cycle

IC...... Instruction complete—prepare for next
instruction
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Fig. 4. Arithmetic operands addressed re-

spectively at locations 1000 and 6033

:

operations, some of which have several
variations. Next are the twelve status
levels which cause the machine to perform
a simple function. These status levels,
with a brief description of each, are found
in Table I.

Finally, there is a repetitive chain of
eight time pulses which time the elemen-
tary operations during a status level. In
general, control gates have at least these
three levels of intelligence applied: an
operation, a status level, and a time pulse.
Fig. 2 shows the time relationship be-
tween these three control levels.

Most digital computers have the ability
to select for subsequent execution one or
two or more sequences of instructions.
Not only does the RCA BIZMAC com-
puter possess this ability, but it also pos-
sesses the ability to select during the ex-
ecution of a given instruction the most
productive sequence of status levels. This
selection is made on the basis of the data
upon which the computer is operating,
and provides the means for eliminating
nonproductive steps in data processing.
Use of the status level concept also makes
possible economic mechanization of in-
structions and variations thereof.
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A simple transfer of data within the
high-speed memory will be used to ex-
emplify the use of status levels. See Fig.
3. First, status levels ROOI, ROO2,
ROO3, and RO0O4 are executed, thus
staticizing the instruction. Then a se-
quence of RO and RI levels is executed to
transfer successive characters of an item
from one group of memory locations to
another. After each RI a choice, based
on the absence or presence of an item
separator symbol, is made either to con-
tinue the sequence of RO through RI, or
next to use status level IC denoting the
end of the operation. In this way only
the time necessary to transfer the item in
question, regardless of length, is used in
instruction execution.

VARIABLE ITEM LENGTH

The RCA BIZMAC system employs
variable message and item lengths on all
tapes. The computer, which must accept
and generate such tapes, uses variable
item lengths internally also. This per-
mits optimum use of high-speed memory,
and minimizes instruction execution times
as well.

In general, the computer operates only
on those digits which are present in an
item, terminating operations when the
lack of significant characters is recognized.
If a single digit is present in a certain item
location, the computer takes only the
time to process that digit. If in that
same location in the processing of a suc-
ceeding message, four digits are present,
the computer will take the longer time
necessary to process the four digits.

A simple example involving the addi-
tion of two positive numbers will suffice to
show the way in which the computer proc-
esses items of variable length. Assume
that the operands have been placed in
the high-speed memory as shown in Fig.
4, In this example the addend has been
assumed to have been addressed at high-
speed memory location 1000, and the
augend at location 6033. These addresses
are supplied by the addition instruc-
tion. In processing these operands the
computer first examines, simultaneously,
the characters in locations 1000 and 6033.
Upon finding a space in 1000, the decision
is made to continue the search for a digit.
The existence of a digit in location 6033
causes the digit, in this case a 2, to be
stored in the memory register until the
search for the least significant digit of the
addend is completed. Once the least
significant digits have been located, addi-
tion proceeds in a normal fashion until
the end of the operands is sensed. In
the case of the addend the terminating
symbol is an item separator symbol while
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in the augend a space serves to notify
that digits have been exhausted.

Thus, the concept of variable item
length is instrumented not only in input
devices and storage and work tapes but
also within the, RCA BIZMAC com-
puter. Here, it permits a flexibility in
the use of the memory, allowing maximum
use of available locations together with a
minimum operating time not set by some
fixed word length or even by the possible
maximum length of given items, but by
the number of significant digits actually
present in an item.

INPUT-OUTPUT

The RCA BIZMAC computer must be
able to accept data from input tapes and
to generate output in the form which is
standard for the RCA BIZMAC system.
Therefore, an input tape for use with a
given program may contain items of vari-
able length, within a message of variable
length, and the precise location in terms
of the number of characters after the
start of the message is not known. Since
information is read from tape with the
most significant digit first, the memory
location which must necessarily be speci-
fied for each item is that of the item sep-
arator which precedes the most signifi-
cant character of that item. These mem-
ory locations are contained in a block of
addresses that are stored in the auxiliary
memory together with the program,
These addresses are transferred to the
tape control logic, an address at a time,
as each item separator coming in from
tape is sensed. Should an item be of less
than the assigned length, spaces will re-
main in the memory to the right of the
item.

A compress instruction is therefore pro-
vided which removes all excess spaces to
the right of an item in a specified assem-
blage of data prior to read-out. Hence,
the RCA BIZMAC computer accepts
messages in the most compact form, dis-
tributes these items in the memory in lo-
cations of nonstandard maximum length,
and then compresses all items to be read
out into the most compact form which is
used on all tapes.

EprtinG

Automatic editing of messages and
items is a prominent feature of the RCA
BIZMAC system. It is instrumented
primarily by the computer. Automatic
editing results in minimization of the com-
plexities of input tramscription and out-
put printings, and helps maintain mag-
netic tapes of minimum lengths. Some
provisions for editing messages and items
are as follows:

Read-In From Magnetic Tape

Of the several means at the program-
mer’s disposal for rearranging items of a
message the most versatile is ‘“‘random
composition’” during “‘read-in"’ from mag-
netic tape. By random composition the
programmer may reorder all or some of
the incoming items, and also leave blank
areas for those items to be generated by
computation if desired. Thus he may
compose an output document or abstract
a message intended for another device in
the system; e.g., an output printer or a
sorter.

Computational Editing

To some degree, editing is also accom-
plished by the computer during compu-
tation proper. Since a 3-address instruc-
tion code is used, arithmetic instructions
can place items to conform with desired
output message format. This method of
editing must of necessity be restrained by
computational programming demands.
Transfer item and internal block transfer
operations can also aid the editing proc-
ess.

Write-Out to Magneitc Tape

A third means for accomplishing editing
is provided in the computer’s flexible
write-out-to-tape operation. Segments
of a message may be gathered from sev-
eral areas of the computer high-speed
memory and composed into one message
on the output tape by using a combination
of several of the variations on the write-
out operation.

HIERARCHY OF MEMORIES

To satisfy the RCA BIZMAC system
requirements, large amounts of storage
and fast processing of data are necessary.
Since no one storage medium is available
which has the characteristics of fast
access time and large storage capacity
(108 to 100 bits), the requirements must
be met by the proper system integration
of several types of storage media. These
media include magnetic tape and magne-
tic cores.

The bulk store of the system is the mag-
netic-tape file. The data from tapes are
read into the high-speed random-access
core memory of the computer. Once
within the memory, the data can be proc-
essed and manipulated at high speeds.
The fast random-access feature of this
memory is an underlying factor in the
flexibility that the computer achieves.
It is used to match the data rates of the-
tapes to the computer, it makes possible
the random composition of items as they
arrive from tape, it provides rapid access
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to instructions and data, and it relieves
the arithmetic unit from providing stor-
age and shifting registers. The auxil-
iary storage is a backup store for the core
memory. It provides aneconomical means
to store data and instructions thereby
effectively increasing the internal mem-
ory capacity and achieving a compromise
between cost and access time.

EXTERNAL CONTROL

The over-all system operating philos-
ophy is that of centralized control. Ap-
propriate remote indicators and controls
from most of the equipments, including
the computer, are provided at the sys-
tem central consoles. Control of the
system is under the direction of a central-
ized team. To control the system effi-
ciently, and to minimize potential hu-
man operating errors, simplified controls
and proper operating techniques have
been designed. The computer itself has
a console designed primarily for mainte-
nance and checking operations, and in-
cludes a wide variety of status indica-
tors, as well as the necessary controls to
test properly and service the computer.

Fig. 5 shows the RCA BIZMAC
computer.

Accuracy CONTROL

The system philosophy of centralized
control with its concept of minimum
human intervention makes automatic de-

tection and correction highly desirable.
The problems involved in providing such
a feature are many and complex. De-
tection circuits are necessary to insure re-
liable output. Once an error is detected,
a correction must be made. The correc-
tion is a direct function of where the error
occurred in the program, what caused it,
whether it was a transient or permanent
failure, etc. To simplify this complex
problem, errors are classified in two gen-
eral groups. The first group includes
errors resulting from a known permanent
component failure or major malfunction
of external equipment. The machine is
stopped immediately and suitable main-
tenance is performed or replacement is
made. The second group includes those
errors that result from either transient or
questionable permanent-component fail-
ure, or voltage transients. This group
generally requires a rerun of a portion of
the program to determine if a shutdown
is required. All errors in this group are
handled in the same manner. A com-
plete rerun of the transaction (computa-
tion) in process takes place automatically.
The necessary clearing, backing up of
tape, and other appropriate operations
required are performed prior to the rerun.
Programmed counters are provided to
limit the number of reruns that can be
performed.

Examples of the type of error detection
found in group one are as follows:

1. Magnetic tape moving forward when it
should be moving in reverse, or vice versa.

2. Magnetic tape circuits not operable.
3. End of magnetic tape.

4. The counter which addresses the high-
speed memory during instruction read-out
is not cycling properly.

Examples of error detection found in
group two are as follows:

1. Pority failures.

2. Adder comparator (arithmetic is per-
formed twice. The second addition is per-
formed using complemented operands and
the results are then compared).

3. Verify operation where data are com-
pared bit for bit.

4, Arithmetic overflow.

Conclusion

The RCA BIZMAC computer is a
major element of the RCA BIZMAC
data-handling system. The several novel
features which it incorporates permit it to
fulfill its missions in data conversion, data
editing, and data generation. It is de-
signed to operate upon variable item and
message lengths in order that the system
may maintain the economy in reduced
tape lengths, and that the computer may
achieve maximum useful data rates.
Every attention has been given to make
it a part of an integrated data-handling
system.

Programming a Variable-Word-Length

Computer

L.S. BENSKY  T. M. HUREWITZ

NVESTIGATION of commercial appli-
cations for electronic data-processing
systems has revealed certain basic charac-
teristics. Very high volumes of input
and output data are handled with a mod-
est amount of data calculation. Varia-
bility in data length, data occurrence, and
in procedures for handling of these data is
another major characteristic.

L. S. Bexsky, T. M. Hurewirz, R A. C. LANE,
and A. S. KrRANZLEY are with the Radio Corpora-
tion of America, Camden, N. J.
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The manner in which the RCA
BIZMAC computer handles variability in
all of its aspects has provided a uniquely
adaptable tool for commercial applica-
tions. The intermediate function of pre-
paring the computer for these applica-
tions, programming, is therefore unique
in many respects.

Working with clear and concise defini-
tions of commercial applications, the pro-
grammer is concerned with applying com-
puter flexibility in an optimum manner.

Bensky, Hurewitz, Lane. Kranzley—Programming o Computer

The variable-word-length computer per-
mits concentration of effort in applying
flexibility to the handling of data. Pro-
gramming results may be measured in
terms of effectiveness in computer-time
and storage utilization, and accuracy con-
trol tempered by the availability of well-
defined problems and programming time.

Efficiency in Program Composition

One of the prime objectives in the
writing of data-processing programs is
minimization of the over-all computer
time required to accomplishaspecific task.
In commercial applications, where the
work load for the computer is essentially
of a cyclic nature, significant cost reduc-
tions may be realized from effective equip-
ment utilization. These gains take the
form of a smaller complement of equip-
ment, or the performance of more tasks
with existing equipment.

137



It has previously been stated that com-
mercial applications are characterized by a
high volume of input messages. Each
of these messages is handled individually
by the computer until all have been proc-
essed. Programs for such applications,
then, are used in a repetitive fashion, with
each cycle representing action taken on a
single message. A shortening of the
message cycle by only a few milliseconds
will have a significant cumulative effect if
the cycle is repeated many times. For
example, 36 milliseconds cut from a
cycle which is repeated 100,000 times
amounts to a total saving of 1 hour of
computer time.

A complete and well-organized defini-
tion of the problem is the starting point
from which an efficient program can
be obtained. Characteristics of data
handled by the computer (as shown on
standard data sheets) directly affect the
efficiency of programs. One outstanding
example of this is the format of output
messages to be printed. A good format
will make maximum use of tabulating
stops, thus reducing the programmed steps
needed for line composition. The co-
lumnar alignment of items is another
criterion of an output format which may
be used to relate the problem definition to
efficiency in the program.

Messages entering the computer fre-
quently contain coded items which serve
as the basis for decision-making. For
example, a 1-digit decimal code may be
used to distinguish ten distinct types of
transactions. In a computer where in-
struction modification is easily performed,
the choice of values for such codes permits
reduction of decision-making sequences of
instructions. With latitude in establish-
ing such codes, it is possible to make each
value correspond to an address in either
the high-speed memory or the auxiliary
memory. Decision-making would then
consist of modifying a transfer of control
(or other instruction) with the particular
code value for each message. Other
features which facilitate a reduction in the
number of instructions executed, but not
in the number provided, are consecutive-
ness, and ordering of codes by relative
volume of appearance.

From descriptions of input and output
data, the statement of intermediate opera-
tions may also be examined for areas
affecting efficiency in the program. Inas-
much as the majority of commercial pro-
grams are executed in a cyclic fashion, the
establishment of volume figures assumes
major importance in selecting operation
sequences. Emphasis is placed on
optimizing those operations which repre-
sent major streams of data flow. Con-
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versely, infrequently used sequences may
be complex at small cost in over-all com-
puter time.

Unique Characteristics of Variable-
Word-Length Programming

INTRODUCTION

It has been stated previously that two
basic requirements necessary for the
production of efficient programs are: (1)
a knowledge of the problem; and (2) a
knowledge of the equipment to be used
in the solution of the problem. Some
of the flexibility available to the program-
mer in the RCA BIZMAC computer is
briefly described and illustrated in the
remainder of this section. Utilization of
the instructions is explained in terms of
the application of the RCA BIZMAC
equipment to business problems.

A functional subdivision is made into
the three broad categories: computer
handling of programs, computational
aspects, and editing of data.

CoMPUTER HANDLING OF PROGRAMS

Programs for the RCA BIZMAC com-
puter are stored permanently on magnetic
tape. The initial preparation of the
magnetic tape is accomplished in exactly
the same manner as the initial input of
data to the system. That is, a 7-channel
paper tape is first prepared and verified,
followed by transcription to magnetic
tape. The indexed programs are then
stored in what may be called a magnetic-
tape program file. It is possible to store
up to 2,500 different programs on a single
reel of tape.

Part of the initial setup of a computer
operation consists of transferring the
proper sequence of instructions from the
magnetic-tape program file to the auxiliary
memory. Thisisaccomplished by a short
routine which will search the tape for the
desired program and make the transfer,
Excluding tape search time, it takes
approximately 1 minute to load the auxili-
ary memory completely. Programs that
require less than the full capacity of the
auxiliary memory take proportionately
less insertion time.

For most business applications, the
entire program for a particular computer
run will be loaded initially. In cases
where many irregularities are to be
handled automatically as part of one
computer operation, those portions of the
program used infrequently may be stored
on magnetic tape. When necessary,
these portions may be entered without
any appreciable time delay.

It is quite probable that some applica-
tions will require that the program be

modified at regular intervals, that running
control totals be maintained, that dates
be changed, etc. In these cases, a new
program tape may be prepared at the
conclusion of a computer run. Undoubt-
edly, changes will be made in existing pro-
grams as systems and procedures are
altered. Changes of this nature can be
made through the use of special service
routines designed for this' purpose.

Instructions are ‘‘surged” from the
auxiliary memory into the high-speed
memory in groups (multiples of four) of
up to 64 instructions. The quantity of
data transferred during a surge contrib-
utes to the time required to perform the
surge function. There are cases where
the large surges would be wasteful because
only a few instructions are used before
transferring control, and other cases where
a part of the high-speed memory usually
reserved for the storage of instructions is
needed for data storage of temporary
work area. Tt is clear that the ability to
change the length of the surge automati-
cally during the running of a program is
an extremely useful tool for minimizing
running time. )

An excellent way to reduce program-
access time is to refrain from surging.
This can be accomplished through effec-
tive use of the instructions and data that
are -already stored in the high-speed
memory, by transferring control to in-
structions that are stored in the memory,
and by appropriate modification of in-
structions.

Address modification, or the ability of
a computer to operate on its own in-
structions in the same manner as it op-
erates on data, is an extremely important
characteristic of efficient programming.
It is useful where an identical sequence of
instructions must be repeated in each
case using operands stored in different
memory locations. For example, it may
be required to advance an address or series
of addresses by a count of one pre-
ceding each cycle through a “loop.” It
may be required to advance or decrease
an address by any constant amount. In
any event, this can be accomplished
through the use of the ‘“binary add” or
“binary subtract left-justified” instruc-
tions.

As has been mentioned, the “binary
add” instruction adds RCA BIZMAC
characters according to their binary

equivalents. For example, excluding
parity bits, X 4+ $ = (101010), +
(000111); = (110001),. Octally, this

would be K + $ = (52)5 + (07)s = (61)s.
A bit is carried into the next addition cy-
cle if the sum of two characters is greater
than (77)s. Both auxiliary and high-speed
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AFTER READ-IN

memories are addressed octally in the
program, and each address is expressed as
four octal digits. Therefore, to advance
an address by one, two, six, etc., it is
necessary to store (0001)s, (0002)s, (0006)s,
etc., in the high-speed memory. Each
constant uses only three memory loca-
tions (including one for the item separa-
tor). In cases where unused instruction
addresses are available for the storage of
the constant, no additional high-speed
memory locations are required. For
decreasing an address by a constant
amount, ‘“‘binary subtract left-justified” is
employed in the same manner as the
“binary add” instruction.

It is very convenient in many cases to
generate the address instead of modifying
an existing address. This can be accom-
plished quite simply by a ‘‘transfer of
data” instruction to the surge area.

One application for this technique is in
pigeonhole sorting where the numbers to
be sorted are converted to addresses
which are then placed in a “transfer of
data” instruction prior to its execution.
The same technique saves considerable
program-running time, instruction storage
and programming effort, when applied to
problems involving the posting of amounts
to one of a number of totals. For ex-
ample, in life insurance accounting it may
be necessary to accumulate the premium
amounts received by state. The amounts
need not be arranged in state order. A
code indicating the state total to which
each amount is to be posted may be asso-
ciated with each amount. If the program-
mer is free to establish the state code for
internal processing, a 2-character code
may be used that corresponds to the
storage location of the state total. The
code is now transferred to a single
“decimal add” instruction (4 and C or B
and C addresses). Thus, the posting is
accomplished without the series of deci-
sions normally required for the accom-

plishment of similar tasks. Only three
instructions are wused, including the
completion of the addition. If the code

Fig. 1 (left), Status of
high-speed memory
locations allotted for
an item with a maxi-
mum length of ten
decimal digits

INFORMATION
RECORDED ON
MAGNETIC TAPE

is fixed by the procedural requirements it
is often possible to establish a transforma-
tion procedure for conversion to memory
addresses.

In computer handling of programs, a
major concern in the use of subroutines
is the return to the main routine after
execution of the subroutine. Calling in
a particular subroutine is no problem since
it may be stored at a fixed location on the
auxiliary memory. However, since a
particular subroutine may be required in
several different parts of a program, the
return to the main routine necessarily
must be variable. The return to the
main routine is handled in-the RCA
BIZMAC computer by storing the address
of the point of return in an unused portion
of the high-speed memory prior to execut-
ing the subroutine. This is conveniently
accomplished with the use of the “set up’’
instruction. The last instruction in the
subroutine then must be a “refer” instruc-
tion which scans the high-speed memory
address containing the point of return to
the main routine.

The procedure outlined in the foregoing
serves as a convemnient tool in the initial
development of a program. It represents
a scheme whereby a rather complex and
lengthy programming task can be sub-
divided into a number of simpler tasks.
These simpler tasks may be programmed
and coded individually. Two unused
memory locations are assigned to each
routine.

Each routine is terminated with a
“refer” instruction which scans these
locations. This assignment also serves
to identify the particular routine. When
each of these subroutines has been written,
the program may begin with a series of
“set up’’ instructions (one for each rou-
tine) in order to tie each of the parts to-
gether to form the whole program.

This method is particularly efficient in
those types of problems that require these
subroutines to be related in a variety of
ways, depending on certain decisions and
conditions which are established only
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Fig. 2. Addition-operands justified left
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Fig. 3. Addition-operands justified right

during the running of the program. In
these cases, the proper series of “set up”
instructions must follow the decision-
making portions of the program occurring
within the main routine. Each “set up”’
instruction controls the “refer’” action
from omne subroutine to the next.

Computational Aspects

An important and fundamental con-
cept of a variable-item-length computer
is the complete flexibility available in the
definition of items for a given problem.

In an insurance company'’s billing
operation, the policy holder’s name and
address may be defined as an item. One
need only consider the names and ad-
dresses of a few friends to see that this
particular item could range in length
from less than 20 characters to more than
100. On the other hand, to facilitate ar-
rangement of last names in alphabetical
order, it may be desirable to define the last
name as a separate item. Similarly,
identifying information such as stock
numbers or policy numbers, with their
associated handling codes, may behandled
as one item. It should be emphasized
that item definition depends primarily on
the meaning and intended use of the in-
formation.

Since the RCA BIZMAC computer is
basically a serial machine and the high-
speed memory is used to perform the func-
tions of registers for the storage of all
operands and results of arithmetic opera-
tions, the number of digits involved in
arithmetic operations is unlimited. The
use of multiple precision techniques in
programming is wholly unnecessary. For
example, to program the addition of two
positive numbers of 100 decimal digits
each requires one instruction that specifies
the locations of the least significant digits
for each of the operands and for the sum.
This applies also in the event the numbers
are each one decimal digit in length; or
are of unequal length with no restriction
on the degree of inequality.
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Fig. 5. The computation of y = ax + b
involving decimal points

When considering the lengths of the
various itemsto be processed ina particular
computer run, it is necessary to determine
the maximum number of digits that may
occur in each item. Although this is not
a requirement for magnetic-tape storage
a field consisting of one or more memory
locations must be established in the high-
speed memory for the storage of each
item. This field must be capable of
storing the longest of the items for which
it was allotted. Thus, if an item is less
than maximum length it will be read in to
the memory as indicated by Fig. 1. In
this case the item is said to be left-justified
with reference to its field.

If the item in Fig. 1isto be added toa
second item with a maximum length of
five characters, it is necessary only to
address the least significant locations of
the fields containing the two operands in
one ‘“‘decimal add” instruction. No pro-
gram routine is required to locate the
least significant digits of the items,
no instruction to justify the items right
is necessary, and no extraction of digits
is needed prior to the addition. Accord-
ing to the logic of the RCA BIZMAC
computer the characters are read out from
each of the fields serially. The actual
addition takes place only when two non-
space characters are recognized. This is
illustrated in Fig. 2.

Gains in programming facility are
accompanied by the minimization of the
time required for the computer to
execute the addition. Time is minimized
because the addition is performed on
significant digits only, and the time
required to search each location for the
least significant decimal digit is only half
that of the addition of each pair of digits.

Let it be required to add the sum ob-
tained in the above illustration to another
2-digit number where both operands are
justified right. This operation is illus-
trated in Fig. 3.
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Fig. 6. Compression of output data for
maximum tape utilization
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Spaces to the left of each of the operands
add nothing to the sum. In the RCA
BIZMAC computer, the addition opera-
tion ends on recognition of spaces or item
separators to the left of both operands.
Only those digits representing the sum
are written into the field allocated, and
the spaces to the left of the sum are those
that were present prior to the addition.
“Decimal subtract” and “multiply”’ are
handled in a similar manner making
optimum use of variable item lengths.

The ability to multiply and accumulate
(i.e., x = ab + ¢) with one instruction
is incorporated in the RCA BIZMAC
computer. This is accomplished by ad-
dressing the product (ab) to a location in
which another item is stored (¢). This
particular feature evolves from the use
of high-speed memory locations as partial-
product registers in the multiplication
process.

Although the number of digits occurring
in the results of arithmetic operations is
usually predictable, there may be certain
instances, particularly in the case of some
accumulated totals, where the capacities
of the fields allotted for the results may be
exceeded (see Fig. 4). In order to avoid
such a possibility, a variation of the
decimal arithmetic operations is provided
to detect overflow. It will actuate an
overflow alarm, indicating that a result
has exceeded the capacity of its field.

The handling of decimal points in the
RCA BIZMAC computer can be con-
sidered neither floating-peint nor fixed in
the strict sense of these terms. It em-
ploys the advantage of both and might be
termed ‘“‘absolute variable.” All arith-
metic operations treat the operands as
whole numbers, and decimal points per se

are entirely excluded from the operations.

It is the function of the programmer to
determine the magnitudesof each operand,
and by proper addressing, to insure that
the correct results of operations involving
decimal places are obtained. In most
business applications, this is easily accom-
plished. In scientific computation this
could be accomplished using well known
floating-point tecnniques. The computa-
tion of y = ax 4 b involving decimal
points is illustrated in Fig. 5 where “ A"
indicates the theoretical location of the
point.

In business data processing there is a
definite need for handling alphabetic in-
formation in a manner similar to numer-
icaldata. Thisis illustrated quite vividly
in the sorting of names into alphabetic
order, and determination of the relative
order of items such as stock numbers,
policy numbers, etc., where the items
consist of both alphabetic and numeric
information. In addition, considerations
relative to address modification (pre-
viously explained) require the inclusion of
binary operations.

The numbers and letters in the RCA
BIZMAC code have been assigned binary
codes such that the commonly accepted
ordering (ie., 0,1, 2,...,9; 4, B, C, ...,
Z) corresponds to increasing numerical
values of their binary equivalents. Thus,
the ability to handle the characters of an
item according to their true binary values
implies the ability to determine the nor-
mal alphanumeric ordering of a pair of
digits (e.g. 34, CM, AB, etc.).

To determine which of two items con-
taining combinations of alphanumeric
characters is of larger magnitude, it is only
necessary to subtract one from the other
and examine the sign of the results. The
“binary subtract” instruction is used.
The test of the sign is accomplished with
the ‘“‘conditional transfer of control.”
Thus, a combination of only two instruc-
tions is sufficient to determine the relative
magnitudes of two items regardless of
lengths and alphanumeric composition.

Editing of Data

Consideration must be given to the form
and content of data handled by the vari-
ous pieces of equipment comprising the
system. Messages entering these equip-
ments must have proper control symbols,
item ordering, and positioning to insure
that output information is correctly
produced. The process of adding, delet-
ing, and rearranging data within a message
for subsequent operations is defined as
editing. Most of the editing work is
handled by the computer, since it is the
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most flexible unit for data processing.

Many of the problems in editing in-
coming data for the computer are handled
by the “‘read-in’’ instruction. It was pre-
viously noted that items in an incoming
message may be placed randomly in the
high-speed memory under the direction
of the program. Random composition on
the read-in is used to store items in such
a manner that subsequent data transfers
are minimized. For example, arithmetic
instructions require operands to be located
in opposite banks of the high-speed
memory. When two incoming items are
to be added, they are initially placed in
opposite banks by the read-in instruction.
In the same way, items may be stored in
correct order for writing out to tape. The
best arrangement of the read-in is made by
deciding how each incoming item is to be
subsequently used.

Items in a reference file which are not
required for a particular computer opera-
tion may be discarded by the “read-in”’
instruction by addressing to a special dis-
card location. In some operations where
long, consolidated reference file messages
enter the computer for summarization or
modification, several hundred high-speed
memory locations and clearing operations
for these locations may be saved. Item-
separator symbols which are required as
control symbols for subsequent operations
may be generated by providing item ad-
dresses in excess of input message require-
ments. Otherwise, these additional con-
trol symbols must be placed in the high-
speed memory as part of a special editing
subroutine.

Although it is possible to arrange the
items of an input message in a form suit-
able for output, it is frequently the case
that more than one arrangement is
desired. This happens where several
types of output documents and an up-
dated reference file are to be produced by
the computer operation. Intelligent use
of the rather potent transfer-of-data in-
struction is called for here.

The amount of processing that can be
accomplished during one computer opera-
tion is dependent to a large extent on the
amount of storage that is available. This
refers to the number of tapes that can be
utilized as well as internal storage. In
the RCA BIZMAC computer, as many as
15 separate magnetic tapes can be con-
nected at the same time. Five of these
are input tapes and ten are output tapes.
The output tapes may be used in a read
or a write status. This multiplicity of
input and output tapes makes it possible
to prepare many different output docu-
ments in a single computer operation,
thus eliminating other machine interven-

tion between the computer and the high-
speed printer.

Maximum tape utilization is obtained
by using the “compress” instruction to
eliminate nonessential space symbols from
the data to be written out (see Fig. 6).
Such space symbols represent the differ-
ernice between the maximum number of
locations allowed for items in the high-
speed memory, and the actual number of
characters in the items.

Composition of messages routed from
computer to printer presents a somewhat
different problem. Here, the emphasis is
shifted to line and page composition.
Left or right columnar alignment of items
(justification), item ordering, and the
insertion of control symbols are the ele-
ments to be considered in programming
for a specific printed format. A require-
ment in business data processing, partic-
ularly with regard to output documents,
is the suppression of excess zeros in
numeric quantities.

The suppression of zeros in the RCA
BIZMAC computer is automatic and is
included as a variation of the ‘‘decimal
add” and ““decimal subtract” instructions
(see Fig. 7). Each item to be written out
must be examined for its justification.
If an item is left-justified (having the
most significant character next to the
item-separator symbol) and is to be
printed with right justification, a “justify
right” instruction must be executed.
When items must be left-justified, an
arithmetic operation using the justify
left variation will provide the necessary
shift.

Evaluation of Variable-Word- ,
Length Programming

In programming for commercial data-
processing problems, minimization of
over-all computer time is the major
criterion for evaluation.

INSTRUCTION UTILIZATION

The RCA BIZMAC computer provides
a list of instructions specifically designed
to handle variability in data and variabil-
ity in processing requirements. An illus-
tration of this versatility is furnished by
considering the decimal arithmetic in-
structions. The foregoing text mentions
in detail the following functions:

1. Operands are located and results are
stored by one instruction (4 + B = (),
eliminating the need for special registers.

2. No shifting (justification) of operands
is necessary since instructions operate on
significant characters only.

3. There is no preparatory extraction of
characters before operation.
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4. The operations are algebraic and sign
handling is automatic.

5. Decimal points are program-handled in
an absolute variable fashion.

6. Automatic suppression of zeros may be
included.

7. Results may be automatically justified.

In addition, the particular features of
the computer which reduce instruction
requirements for total data-processing
functions are important to the program-
mer. For example, storage of the pro-
gram in the high-speed memory assists in
the use of address modification tech-
niques which are an important require-
ment of commercial data-processing pro-
grams. Random composition of data
entering the computer is another feature
which makes possible more efficient com-
binations of instructions in subsequent
data processing steps.

Another category of instruction func-
tions is useful for purposes of data-proc-
essing economy outside of the computer
operation proper. For example, use of
the ‘“‘compress” instruction is related
specifically to tape-storage economies.
It should be noted this also provides
subsequent reduction of read-in time
throughout the system.

STORAGE UTILIZATION

As mentioned previously, the use of
variable and adjustable-field item lengths
permits appreciable savings. Magnetic-
tape space is saved by putting on the tape
only these characters that actually ap-
pear in the input, thus reducing the length
of tape necessary to hold a given piece
of information. This implies a reduction
in the number of reels of tape and con-
sequently fewer tape-handling devices
required. It also results in saving of
computer time since tape movement con-
sumes a large portion of the total time.
(Savings up to 70 per cent over maximum
field data storage are achieved.) Finally,
a saving is achieved in the internal
storage required by having to provide
only sufficient storage for each item to
accommodate the maximum length of
that item, rather than having to provide
the same maximum amount of storage
for each item., In the former case, the
storage required is merely the total of the
maximum item lengths for all of the items
to be handled, while in the latter the
storage required would be the maximum
required for the maximum length item
multiplied by the number of items to be
handled.

The computer is designed to permit
optimum use of internal storage facilities.
The use of an auxiliary memory for the
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storage of both data and instructions in
any desired array, the variability of
surge length, the unrestricted ability to
transfer control within the high-speed
memory, and finally the reduction in high-
speed memory work area requirements
brought about by the ability to com-
pose output data randomly, exemplify the
tools that are in the hands of the pro-
grammer to maintain an efficient balance
between time and storage.

ADAPTABILITY TO THE PROBLEM

Throughout this paper, pertinent char-
acteristics of commercial data-processing
problems have been mentioned when
descriptions of functional and program-
ming features called for them. A review
of these characteristics in retrospect com~
pletes the evaluation of variable-word-
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length programming by the RCA
BIZMAC.

Variability in data (size and occurrence)
and in procedural requirements is
handled by providing a list of instructions,
and other computer characteristics, espe-
cially designedf or flexibility. This makes
it possible to write very compact programs
for handling business problems. Flexi-
bility in assignment of internal storage at
several levels is the necessary corollary to
the efficient programming of commercial
data-processing problems.

From detailed analyses of many types of
commercial data-processing problems, it
has been found that some categories of
procedures are related to the end use of
outputdata. Of greater importance, con-
siderable similarity of procedures among
apparently unrelated applications is evi-
dent. It turns out that these similar

procedures are composed of basic opera-
tions which are identical in nature. This
simplifies the programming task partic-
ularly where equipment functions are
specifically designed to respond to problem
data-characteristics.

Detailed programming for many com-
mercial data-processing problems will
furnish the final evaluation of variable-
word-length programming. It is certain
that this expansive phase in the art of
programming will be marked by further
advances in programming techniques;
these new techniques in turn will influence
future equipment design. Such advances
will be based on substantially improved
knowledge of data characteristics, the
standardization of routine business proc-
esses, and the acceptance of mathematical
techniques as tools in scientific manage-
ment.
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