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I MTRODUC TION 

MADDIDA (Magnetic Drum Digital  Differential  Analyzer) i s  a d i g i t a l  
d i f fe ren t ia l  analyzer which enploys a magnetic drum memory, 
d e l  of t h i s  computer has been bu i l t  and ha8 proved t o  be capable of 
solving a l l  types of ordinary d i f fe ren t ia l  equations and the types of 
partial d i f fe ren t ia l  equations t h a t  are solvable on analogue d i f f e ren t i a l  
analyzers . 

A prototype 

MADDIDA consists of three main elements: 
and a power supply. 
and 2-1/2 inches i n  height, t he  periphery of which has a magnetic coating, 
Magnetically recorded on t h i s  drum a re  signals from MADDIDAts 22 integrators  
and clock pulses f o r  synchronizing t h e  operation of the computing center. 
E i g h t  vacuum tubes mounted around t h e  magnetic wheel amplify and shape the 
memory signals, 

a memory, a computing center, 
The memory is  an aluminum drum, 8 inches i n  diamtter 

The computing center i s  made up of 53 vacuum tubes, a matrix of 901, 
g e m n i w t  diodes, and a number of associated r e s i s to r s  and capaaftors. 
O f  the 53 vacuumtubes, 32 a r e  used a s  flip-flops, and 12 a re  used a s  
amplFfiers. 
used as a visual  readout device. 
clampers and gates i n  t h e  forming of logical  signals. 

The remaining 9 tubes enable a bank of neon tubes to  be 
The germanium diodes a re  used a s  

The power supply furnishes voltage-regulated d.c. power a t  t h e  four voltage 
levels  used throughout the machine. 
conventional vacuum tube regulating circui ts .  

It employs selenium r a t i f i e r s  and 

The exceptional features of t h e  design of MADDIDA a r e  readi ly  i l l u s t r a t ed  
by MADDIDA's compactness, i ts  simplicity of construction, and i ts  accuracy. 
The en t i r e  computer, including a cooling system, occupies a f loor  area 
of only 7 1/2 square fee t ,  
housed i n  a plexiglass case whose volume is  only 5 1/2 cubic fee t ,  
size contrasts sharply with that of an analogue computer, which, if it 
contained t h e  same number of integrators,  would f i l l  a large room. 

The memory and computing center of MADDIDA are 
M A D D I 5 A I s  

A t o t a l  of l e s s  than 600 man hours were required for  the construction of 
BdADDIDA. 
for  the construction of an analogue machine oi similar capacity. 

This  is f a r  less than the amount of work t ha t  would be required 

The extreme accuracy of MADDIDA resu l t s  from t h e  22 binary d ig i t  ( 6  decimal 
place) capacity of each of i t s  integrators,  
mechanical mchine i s  4 decimal places, and t h i s  f a l l s  off as  the moving 
par t s  wear wi th  use. 

The ultimate capacity of a 

COMPUTER INTEGMTION 

Before describing MADDIDA i n  detai l ,  it is  necessary t o  explain the 
general process of computer integration and the par t icular  process of 
integration employed by MADDIDA. 
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The fundamental in tegra t ing  1 
t h e  following requirement s : 

(1) It must receive twc 
magnitudes and proc 
magnitude. 

( 2 )  It must relate chai 
and of t h e  output 1 

where K i s  a const: 
dx, dy, and dz are 
output, respective1 
of the  d y ' s ,  t h i s  c 

(3)  The two inputs  and 
expressed i n  the st: 

(4) T h i s  form must expx 
of these cuant i t ie :  

A l l  of the  above requirement: 
f igure  1, which is  used i n  m 
integrator ,  the inputs,  x anc 
of shaf t  rotat ions.  The magr 
represented by the  amounts ar 
dz ,  of these quant i t ies  a r e  I 
the  ve r t i ca l  wheel i s  posi t ic  
is the sum of t h e  in i t ia l  PO: 
posi t ion of the &eel produce 
seen tha t  f o r  an increment 01 
of rotat ion,  dz,  of t h e  outpt 

where II is  determined by the  

The type of in tegra tor  used : 
of two accumulators, Y and K 
could very well be electronic 
accumlat ion of t he  dy pulse 
y i s  added t o  R,  and i f  the 
apparent t ha t  the  r a t e  of dz 
i s  determined by t h e  counter' 
t h e  point a t  which t h e  count( 
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The concept of s ign is  introduced by establishing a fixed pulsa rste and 
then considering t h e  presence of a pulse as representing a posi t tve unit  
and t h e  absence of a pulse as representing a negative unit .  
of a pulse i n  dy adds one uni t  t o  the number i n  t h e  y counter, an-: t h e  
absence of a pulse subtracts  one unit  from the number i n  the counter. 
Similar ly  the presence of a pulse i n  dx adds y t o  R,  and t h e  absence of a 
pulae subtracts  y fromR. The dz output represents (1) zero, i f  i t  is 
a l t e rna te ly  pulse and no pulse, (2)  a posi t ive quantity i f  it contains 
a greater  number of present pulses than absence pulses, and (3)  a negative 
number i f  it contains a greater  number of absent pulses than present 
pulses . 

The presence 

Actually, MADDIDA does not employ counters as accumulators. 
holds the R and Y quant i t ies  i n  a magnetic memory, where they 888 recorded 
i n  two channels and are available f o r  t r ans fe r  operations se r i a l ly .  Thus, 
only one computing section i s  necessary; consequently, only a small number 
of vacuum tubes a r e  required by t h e  computer. 

Instead, i t  

MADDIDA'S EdEMOfiY 

Four channels of data a;'e recorded on the magnetic drum of MADDIDA. 
Three of these are used f o r  temporary storar-e, being recorded, erased, 
and recorded again each time t h e  drum revolves. The fourth channel is 
permanently recorded and contains 1300 equally sphced clock pulses. 

The three temporary channels are cal led the R channel, t h e  Y channel, 
and t h e  2 channel. They perform the function of R,  Y, and 2 r e g i s t e r s  
of Figure 2. 

The R and Y channels are divided i n t o  sections. 
channel i s  a l l o t t e d  t o  each of the 22 integrators.  
each sect ion (pulses 1 t o  24) i s  used t o  hold permanent coded information 
which controls  t h e  t r ans fe r  of data from one in tegra tor  t o  another. 
second half of each sect ion (pulses 25 t o  48) is used t o  hold n m r i c a l  
data f o r  R and Y. This data is operated on once f o r  each revolution of 
t h e  drum. (See f igure  3.) 

A eeparate sect ion on each 
The first half of 

The 

The code h a l f  of each sect ion prepares t h e  computing center f o r  the 
operations tha t  are t o  be performed on the numerical data t ha t  follows: 
Control s ignals  f o r  doing t h i s  are produced by a coincidence of pulses 
on t h e  code sections of t h e  R and y channels i n  accordance Rdth information 
obtained from a l l  integrators! during t h e  past  revolution of the memory. 
This latter information is held temporarily i n  a precession l ine ,  which 
essent ia l ly  s h i f t s  the information om pulse space f o r  each inbegrator 
period a s  t h e  memory drum progresses. 
replaced b; new information during the next revolution of the memory. 
portion of t h e  R channel of any integrator  from pulse posi t ion 1 through 
pulse posit ion 22 is reserved f o r  a dx code pickup pulse. The computer 
is  designed 80 that  only one dx code pulse enables a dz output from om 

It is  eventually l o s t ,  being 
The 
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spec i f ic  in tegra tor  t o  be fed  i n t o  t h e  in tegra tor  i n  which the  dx pulse 
is recorded. 
computation t i m e  of the subsecuent, nunrerical portion of t h e  R channel, 
Pulse posi t ions 23 through 24 are le f t  blank i n  the  R. channel. 

This dz output is  held i n  a dx r eg i s t e r  and is used i n  the 

The f irst  pulse space used i n  the numerical portion of R contains t h e  
l e a s t  si.gnificant d i g i t  of t he  R number. 
pulse posi t ion as the least s ignif icant  d i g i t  of the Y number. 
type of d i g i t a l  Antepat ion b e d ,  y is added or  subtracted once f o r  each 
revolution of t h e  drum depending on whether the coded dz output is 1 o r  0, 
Depending on the sca le  f ac to r  used, t h i s  least s ignif icant  d i g i t  may be 
anywhere i n  t h e  i n t e rva l  between pulse posi t ions 25 and 46. Pulse 
posi t ion 47, of course, contains the most s ign i f icant  d ig i t  of the  number 
recorded i n  R. 
t h i s  pulse posi t ion i n  t h e  R * Y adder is recorded i n  t h e  Z l i n e  (pre- 
cession l i ne )  as a dz output from t h i s  integrator .  T h i s  d i g i t  qoverns 
t h e  s ign  of the dz  output ( a  one i n  t h i s  posi t ion reverses sign). 

The Y code occupies the same pulse posit ions as t h e  R code. 
d i f f e r s  i n  operation from t h e  R channel since it may be coded t o  receive 
da output s igna ls  from as many as seven integrators .  
stored as they a re  picked up during the code period i n  the dy counter. 
posi t ion 23 of t h e  y channel i s  l e f t  blank. 

This  d i g i t  occupies the  same 
I n  the 

Pulse posi t ion 48 is  l e f t  blank, but t h e  d i g i t  occupying 

The Y channel 

These dz outputs are 
Pulse 

A start pulss preceeds t h e  y number and occupies t h e  pulse posi t ion adjacent 
t o  the least s ignif icant  d i g i t  of Y. The start  pulse, being the  f irst  pulse 
after pulse posi t ion 23 of the  in tegra tor ,  sets a start flip-flop, S, which 
allows the  computing center t o  operate upon the d i g i t a l  numbers contained 
i n  the  pulse posit ions t o  follow. 
length of a given in tegra tor  section. The operations controlled by the  start 
pulse are t h e  addition or subtraction of Y i n to  R and t h e  addition or  subtraction 
of dy i n t o  Y. 
i n  t h i s  posi t ion gives the number i n  the  preceeding pulse posit ions a posi t ive 
sign. Pulse  posi t ion 48 is  always blank. 

Thus the start pulse sets t h e  numerical 

Pulse posi t ion 47 controls  the  s ign  of the Y number. A pulse 

The Z channel i s  di f fe ren t  from the other memory channels i n  that it is  a 
general memory storage. 
information pertaining t o  given integrators ,  while the 2 channel contains 
overflow information from a l l  integrators.  This information, i n  turn,  is 
available t o  a l l  integrators.  The length of the 2 mmory is  49 pulses, 
i s  one pulse time longer than an integrator  section, 
configurations of 47, 48 or  49 p d s e  lengths during f i l l i n g  operations. 

Specific portions of the R and Y channels contain 

This 
The Z l i n e  may take on 

Since the Z line i s  one pulse longer than an integrator  sect ion and since i t  
records information synchronized a t  pulse posi t ion 48 of each integrator  
section, the precessing operation.of t h i s  channel allows information from 
successive integrators  t o  be recorded adjacently as the  memory turns. 
information f o r  one revolution of the memory i s  contained i n  the 2 channel. 
Because of the precessing action, as t h i s  information is  passed out t h e  read 
end of the  2 l ine  t o  be recorded, t h e  precessed dz output f o r  a given inte-  
grator  is made available t o  any other in tegra tor  at a de f in i t e  pulse t i m e ,  
This pulse t im is determined by t h e  r e l a t ive  posit ions of these two in tegra tors  
as they have been recorded around the memory. 
information i s  available one pulse posi t ion later f o r  each subsequent 
integrator ,  

All dz 

Because of precession this 
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The d iv is ion  of the  R and Y channels is  indexed, as shown i n  figure 4, by two 
counters P and I. 
are fed  t o  t h e  P counter, which has a capacity of 43 pulsas.  
t h e  same capacity as is  a l l o t t e d  t o  each of t h e  integrators ,  the P counter 
produces an oubput pulse every time an integrator  section has passed under the 
magnetic recording and reading heads of t h e  R and Y channels. 
pulses f r o m t h e  P counter a r e  s tored i n  the 1 counter, which has a capazity 
of 22 pulses, corresponding t o  the t o t a l  number of integrators .  A pulse on 
t h e  R or Y channel may be found by observing the coincidence between the pulse 
and the  readings of t h e  P and I counters. 
indicates  t h e  in tegra tor  sect ion i n  which the pulse l ies,  and t he  reading of 
the counter P indicated the posi t ion of t h e  pulse i n  the  in tegra tor  section. 

Clock pulses from the fourth channel of the  magnetic dnun 
Since t h i s  is 

The output 

The reading of t h e  counter I 
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MADDIDA'S COIvPUTING CENTER 

The block diagram of ? U D D I D A  . 
of t he  R channel, as i t  leave' 
decoder by g a t e  G2. Here, i t  
corresponding t o  the code pul: 
placed i n  t h e  dx r e g i s t e r .  I 
W, which a1PoP;s Y t o  be addl 
t h e  compliment of Y t o  be add1 

The coded sec t ion  of Y, passe, 
decoded, as was R. The coinc. 
and subtracted i f  it i s  zero. 
i n  t h i s  counter i s  added t o  Y 

The information i n  the  Z chan 
pos i t i on  48, which c loses  rec  
allows t h e  information i n  pul# 

During t h e  second ha l f  of t h e  
contained in R is passed thro? 
t i m e  is  passed through ga te  G. 
If t h e  dxc signal is  present,  

I f  t h e  dx r e g i s t e r  i s  set a t  1 

s igna l  i s  s e n t  t o  t h e  R + Y a1 
a signal from D2 produces t h e  
w i t h  t h e  exception of pulse p' 
recorded i n  R, and Y + d; 
always zero. Since Y can nevi 
i t s  rec i r cu la t ion  records a zi 
e f f e c t i v e l y  kept t he  same by 1 
gate GIO. 

The adders y + c dy and R + 1 
delays, D1 and D2, f o r  t h e  ad( 
complemnting process, D mw1 
at  pulse pos i t i on  24. 12 add: 
i n i t i a l l y  set D2 at  zero. S i i  
obtained by i n t  erchaneing one 
Quan t i ty ,  an i n i t i a l  s e t t i n g  ( 

t h e  complement of Y t o  be addc 



Contents of Y & R Channels 
1 - 1  I 

, R  pickup Code - Selects independent variable 

j pickup) 

! :!I 
I '  W R Number 
~ , L i  -, 0 ' from integrator outputs (limited t o  one 1 * -  I 
1 2  Q 





U D D I L l A ' s  external  control 

Ope rat ion control  

d - F i l l  Y ( the  
the l e a s t  s j  
filled) e 

/3 - F i l l  R ( t h e  
every d i g i t  

'f - Step l e f t  ( t  
t h a t  i s  avaj 
condition). 

6 - Step  r i g h t  ( 
t h a t  i s  avaj 

Cp - One operatic 
computation 

Q - Compute ( t h j  
f o r  a predet 
variable).  

E - Places pulse I 
which control: 

Clear R - Clears t 

Clear Y - Clears t 

Clear Z - Clears t 

Sw 1 - Connects Z ,  

Sw 2 - Selects  fix 
the read out. 

I - A 22- posit ior 
any one of the 22 

0 and 1 buttons - 
t h e 4  , t' o r  E cc 
t o  s t e p  i n  the y 
or  8 condition. 

The operation of t h e  abovt 
go flip-flops have been ei 
a s ignal  t o  appear in the 



As indicated i n  f igure  7, an 
f lop in  the on s ta te .  T h i s  E 
t h e  next PI pulse of 11 trig4 
le t s  the next clock pulse tu i  
signal.  When the computer i: 
a f t e r  one revolution of t h e  r 
condition, G i s  turned of f  al 
variable.  This is done by a 
pulse of Il. H then passes I 

Before f i l l i n g  any integratoi 
l ine .  After 48 d i g i t s  'have 

las t  and must be f i l l e d  agaii 
which i s  controlled by t h e  E 

A s  shown in f igure  8 the pule 
o n l y  46 pulse times. The int 
through a three s tage steppit  
47, 48, o r  49 pulse times ren 

A t  a l l  times when t h e  G f l i p -  
from Z, a n d  rec i rcu la tes  ovex 
the machine i s  computing, ( i ,  
and Z precesses over 49 pulse 
precesses during t h e  one revc 
computer i s  i n  t h e  d. , ,d , ar 
over 47 pulse t h e e  during t k  
in tegra tor  switch. This shif 
e a r l i e r  (one pulse t o  the rig 
During t h e  i n t e rva l  I i  f o r d  
is read from 2, t o  give the c 
d ig i t .  I n  stepping l e f t  i n  t 
49 pulse times during the  int 
ofit. , @ and 6 , t h e  2 pulse 
respect t o  t h e  P anl I counte 

Besides se t t i ng  G, the  0 and 
sets it f o r  a one s ignal ,  anc 
The s igna l  from the X f l i p - f l  

The f i l l i n g  operation i s  ill! 
Ij (See f igure  9 ) .  Pulse por 
number of d i g i t s  f i l l e d  i n  Y 
it i s  assumed t h a t  the  fillec 
switch has b en s e t  a t  Ij anc 



OFF 



PI I, 

X - J  



The signal from t h e  one button s e t s  up both the % and X f l i p  flops. 
remains i n  the one s ta te ,  ( u n t i l  t h e  zero button is pressed), while G1 is  
se t  t o  zero a t  P2 11, which is  one pulse a f t e r  G was triggered. 

X 

G is  turned off a f t e r  one revolution of the memory. signal,  
from the  I counter, is zero except during the I in te rva l  h e n  it is one. 
The 2 l i ne  recirculates over a 48 pulse intervag u n t i l  the IJ and G 
signals are coincident, then it is  precessed over a 47 pulse in te rva l  f o r  
the duration of I . It recirculates  again after I returns t o  zero. The 
reference signal il rom 2 i s  taken from the 2, f l i p  ?lop a t  t h e  t i m e  I3 and 
t h u s  appears at P i I  . The coincident signal of G, X, Ij and Z (read from 
Za> i s  recorded i n  3. It is  a one i n  t h i s  example; but if the X signal 
had been zero, the coincidence would be a zero. Since 2 has precessed one 
pulse less t h a n  48 pulses, the coincident signal recbrded when t h e  one or 
zero button next is operated will be a one or zero ' in the Pi-1 posit ion of 

The operation i n  the 6 condition is  t h e  same as the above except t h a t  i n  
t h i s  condition t h e  information is recorded i n  the R channel. Operation i n  
the d condition is  similar t o  t h a t  i n  the 
is  no recording of information. 
condition i n  that Z precesses over a 49 pulse c i r cu i t  and the 2 pulse 
effect ively s h i f t s  l e f t .  

The I 

5 

condition except t h a t  there 
The Y condition d i f f e r s  from the 0" 

It has been shown t h a t  i n  the 8 condition, G is turned off by a signal 
from the H f l i p  flop. 
a specif ic  number of revolutions fixed by a number s e t  i n  Y of integrator 
1. Integrator 1 d i f f e r s  from t h e  other 21 integrators  i n  t h a t  Y is  
transferred i n t o  R once every revolution of the drum. An overflow from 
R 1  occurs a f t e r  a time period which i s  determined by the magnitude of Y. 
This overflow d i rec t ly  t r iggers  H a t  P 8 I . 

, This i s  accomplished after the drum has completed 

H and G are turned off a t  
the same time, P1 11, of t h e  next rev0 ' i i  u t i  n. 

The logical  f l i p  flops of XADDIDA a re  l i s t e d  below: 

c dy counter, A$, AZ, Ai and A T h i s  counter counts the 

After t h e  start pulse i n  Y, i t  s teps  
4' dy pick up pulses 

has a capacity of f 7. 
i t s  content i n to  the Y + 
a f t e r  pulse posit ion 48. 

dx regis ter ,  B . 
whether Y is  aided t o  or subtracted from R. B5 is s e t  by the 
coincidence of a pulse i n  the 2 line a d  a pulse i n  the code 
section of R.  It exerts control a f t e r  the s t a r t  pulse of Y 
has appeared. 

u r i  g t e code section of an integrator .  

It i s  cleared t o  zero 

It 

d$ adder. 

The setting of t h i s  f l i p  f lop determines 
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Carry f l i p  f lop i n  the Y + c dy adder, D1, 
t h e  carry one pulse i n  time. Such a delay i s  necessary i n  adding two 
binary numbers i n  a serial adder. 

T h i s  f l i p  f lop  delays 

carry flip f lop  i n  the R + Y adder, D2.. This i s  also a carry delay 
fo r  an adder. 
t o  t h e  l e a s t  s ign i f icant  d ig i t  i n  order t o  complement the Y quantity. 

I t has  an additional feature  of adding t h e  extra one 

F4, P5, F6. The P counter counts sequence8 of 48 
pulses. The first l??, f ve stages count sequences of Zr, pulses by 
P counter, F1, F2, 

counting t o  32 and rese t t ing  t o  8. The last  stage counts the 2.4 
pulse sequences. 
signals,  which correspond t o  the first and second halves of a 48 
pulse integrator  section. 

It has  a capacity of two, and produces two output 

Go f l i p  flop, G. This f l i p  f lop  insures  tha t  an operation takea 
place over a determined number of complete revolutions of the 
memory. It starts and stops between integrators  22 and 1. It is 
gated on by f l i p  f lop  G1. I n  the 6 condition it i s  gated off by 
an overflow from I (controlled by the ha l t  f l i p  flop, H). When 
t h e  computer i s  nok i n  the 8 condition, G is  turned off after one 
revolution of the memory. 

Second go f l i p  flop, G 
t h a t  controls G. It i & * i n i t i a t e d  by the 0 or 1 button, and is  
reset by the first clock pulse t h a t  comes after G i s  t r iggered on. 

This is  a manually operated f l i p  f lop  

Halt f l i p  flop, H. H, i n  conjunction with G, s tops computation 
after a predetermined number of revolutions of the memory. 
set by the overflow from R re ta ins  t h i s  overflow from P48 11, 

Octal-digit counter, Jl, J2, This counter determines which 
octal sequence of integrator  &:&tion will be read out. It 
a l s o  selects banks of th ree  neon bulbs, each of which is  controlled 
by f l i p  f lops  t h a t  s to re  an octal d i g i t  ( i n  binary form). 
sequences of threes ,  the neon bulbs f l a sh  the information selected 
by the counter. 

It i s  

t o  P48 IZ, and i s  reset a h’ ter P u I ~ ~ .  

I n  

I counter, K1, K2, K K T h i s  counter counts the in tegra tor  
sequences of 48 p u l k .  4ft z s  a counting capacity of 22, which 
it achieves by counting the f i v e  stages f u l l  a t  32 and r e se t t i ng  
t o  10. 

(11) Read-out s t a t i c  reg is te r ,  MI, M2, M3. This  is t h e  s t a t i c  r eg i s t e r  
that holds t h e  oc ta l  d i g i t  selected by the J counter. 
t h e  neon bulbs i n  t h e  read-out and holds t h e  information contained 
i n  a three-stage stepping counter, The t ransfer  of t h e  l a t te r  
information is timed by t h e  J counter. 
(taken three binary d i g i t s  a t  a time), that passes through the 
stepping counter, 
is approximately one revolution of t h e  memory. 

It l i g h t s  

M holds all information 

The storage time of M, f o r  each oc t a l  d ig i t ,  
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Last two stages of read-out stepping counter, N , N . These are 
the second and thSrd delay states of a three stage Ztepping 
counter, Phich cons is t s  of YN N or  RN1N2. These two stages 
enable the  information t h a t  p h s g s ,  one d i g i t  at  a time, through 
R or Y t o  be s tored three d i g i t s  a t  a time. T h i s  information 
subsequently i s  transferred t o  the M register of the read-out. 
After it has been held f o r  a given length of t h e ,  t h e  t r ans fe r  
i s  repeated f o r  the mxt three d i g i t s  of Y o r  R. 

13) R channel input flip-flop, R. The R fUp f lop  takes information 
from the R Channel memory flip-flop, R,, and synchronizes it with 
the clock channel. This is  necessary because of the j i t t e r  tha t  
exists between the R channel and the clock channel. The 
information i n  R is avai lable  t o  the computing c i r c u i t s  as it is 
needed . 

(l4) R channel memory f l i p  flop, R . T h i s  f l i p  f lop  rebuilds the square 
wave or iginal ly  recorded on tge R channel of the  wheel. 
by appropriate use of the different ia ted pulse which is read from 
the wheel. Since t h e  information read from the memory is  a 
di f fe ren t ia ted  square wave, t h e  posi t ive pulses t r i gge r  Rm t o  the 
on state, and the  negative pulses t r igger  it t o  t h e  off s t a t e .  

It does t h i s  

(15) S t a r t  f l i p  flop, S. The start f l i p  f lop  is  t r iggered on by the  
first pulse i n  Y after P23, and is triggered off at t h e  end of the 
clock pulse coinciding with P47. The on signal of S gates the 
output of the  R + Y adder and a lso  gives the signal t ha t  c a l l s  
f o r  dy t o  be added i n t o  Y. 

(16) F i l l  d i g i t  f l i p  flop, X, 
f i l l i n g .  The one button turns  it on, and t h e  zero button t u r n s  
it off.  
i n  P or R, 
coincident pulse i n  the Z l ine .  

The f i l l  d i g i t  f l i p  f lop  i s  used f o r  

I t s  se t t ing  determines whether a 1 o r  a 0 is  t o  be recorded 
The pulse posi t ion t o  be recorded is  determined by a 

(17) Y channel input f l i p  f lop  and pa ra l l e l  dr iver ,  Y-Yd. This f l i p -  
f lop performs the same function as t h e  input f l i p  f lop  i n  t h e  R 
channel except t h a t  a f l i p  flop, Yd, is  used i n  pa ra l l e l  w i t h  it 
because of excessive loadinq of t h i s  s ignal .  

Y channel mmoG flip f lop,  Y,. 
is  the same as t h a t  of the R channel memory f l i p  flop. 

(18) The function of t h i s  f l i p  f lop 

(19) Z channel input f l i p  flop, Z. 
t h e  same as that of t h e  input f l i p  f lop used i n  t he  R and Y channels. 

The function of t h i s  f l i p  f lop  is 

2 channel memory f l i p  flop, Zm. 
t h e  same as t h a t  of the memory f l i p  f lop  of t h e  R and y channels. 

The function of t h i s  f l i p  f l o p  is 

z channel d e l a y  f l i p  flops,  z,, Zbr 
2, form a three-stage stepping cauntar at t h e  output end of t h e  Z 
channel of t h e  mmory wheel. When it i s  desired t o  precess one 
pulse l ea8  than 48 pulse posit ions,  the output signal from Z is 
used. 
f i l l e d  d i e i t .  
t o  the 2-record head. Thia i a  the 110171183. condition when t h e  
computing aection it3 idle .  

Z, and Zb, i n  conjunction w i t h  

It provides one pulse tima s h i f t  i n  conjuncLion w i t h  each 
For rec i rcu la t ion  the  signnl from Za i e  read back 

When the machine is ComgutiIlg, the 
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signal from zb i+ read. 

When computation starts, there is nothing recorded i n  the Z l ine ,  
Ultimately, t h e  2 line records overflows from t h e  R s e c t i o h  
various integrators,  These overflows are re-recorded om a t  a 
tine aa integrators  pass by, 
revolution t o  the or iginal  record posit ion they are erased and 
new information is recorded, 

1 

After being carried through one 
' 

, 

CONCLUSION 

MADDIDA i s  unique amply: large scale computers because of its compact- 
ness, simplicity of construction, and accuracy. 
of MADDIDA required l e s s  than boo man hours fo r  i ts  construction. It 
occupies o d y  7 1/2 square fee t  of f loor  space, yet it contains 22 inte- 
grators capable of six decimal place accuracy. 
has operated fo r  a t o t a l  of more than 270 hours and for  as much as 
60 hours without a fa i lure ,  Transported extensively by air, r a i l ,  
and truck, it has been consistantly placed in operation within 24 
hours a f t e r  delivery. The pcrformance of t h i s  simple model has been 
remarkable; the poten t ia l i t i es  of future models appear unlimited, 

A prototype model 

To date, t h i s  model 




