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A B S T R A C T  

The more complex methods of programming the 
Olivetti 101 are discussed and illustrated with a set of 
examples taken from the field of  Chemistry and 
Biochemistry. These examples begin with simple 
programs and graduate through programs which carry 
out complicated calculations of a repetitive nature 
from a minimum of data to programs which use 
special data storage techniques. 

This communication will describe some of the more 
complicated programming methods and show how they can 
be used by a chemist or biochemist in his calculations. Most 
of my ideas are equally applicable to other desk-top 
computers taking into account their own idiosyncrasies of 
programming. These examples will not be especially 
orientated towards lipid chemistry but will serve to 
illustrate what the computer can do and in general how to 
go about programming the computer to do it. 

I shall work mainly through the medium of flow charts 
because these are easier to comprehend for those unfamiliar 
with the computer. The program listings are obtainable 
from the author. 

Because of the limited storage space available with 
desk-top computers a technique has been developed to 
increase the storage space by "packing registers." To form a 
packed register several small (e.g., three digit) numbers are 
joined together to form one large number so that they can 
be stored as a single number. The Olivetti Programma 101 
and some of the other desk-top computers have the facility 
of transferring the decimal part of a number in the A 
register, into the M register while leaving everything 
unchanged. All of the figures after the decimal point are 
transferred irrespective of the decimal point setting of the 
computer.  

If this instruction is followed by a subtraction we get 

Register M A R 
Contents 1.0 3 . 5 2  4.50 
Program instruction/5 
New contents 0.52 3 .52 4.50 
Program instruction - 
New contents 0.52 3.00 3.00 

lone of seven papers to be published from the Symposium 
"Computer Systems and Applications in the Oil and Fat Industry" 
presented at the AOCS Meeting, Chicago 1970. 

NUMBER GENERATION 

123.456 
A/'P INITIATOR 
R X  
R -  
R, ,  
RIr  DECIMAL POINT 
R' I '  
D $ TERMINATOR 

R &  D FOR , V E  NUMBERS 
F &  E F O R - V E  NUMBERS 

FIG. 1. Program sequence and code for generating 
the program. 

CODE 

0 S 
I r 
2 
3 r 
4 + 
5 
6 x 
7 
8 O 
9 

numbers in 

The numbers stored in a packed register can be brought 
into use one by one with this technique. 

Programs involving the repetition of a calculation can 
often be shortened by the use of the so called "Domino 
technique";  that is, moving all the answers from one 
register to the next. The term "Domino"  will be used in the 
flow charts to describe this technique. 

Flow Chart Programme Before After 

B $ B 1 3 

i DOMINO [ C ~: C 2 1 
[ [ BCDB 

'~ D :~ D 3 2 

B 

Numbers, such as those used for indexing loops or 
constants employed in a calculation, can be generated in 
the M register by writing the appropriate instructions in the 
program. These instructions consist of an initiation instruc- 
tion (A/ t )  followed by the number in the code that the 
machine uses for numbers. This is illustrated in Figure 1. 
The number is read from right to left, each digit being made 
up of  two symbols, the appropriate symbol for the number 
itself preceded by R if the number is positive and F if it is 
negative. D (or E if negative) is used to indicate the last 
digit of the number. The position of the decimal point is 
indicated by R/ (or F/, D/, E/ where appropriate) for the 
next digit after the decimal point reading from right to left. 

Since the machine has a very limited capacity it is often 
necessary to use several programs linked together, so that 
they perform different parts of the calculation. When a 
program card is entered the F, E, D registers are overwritten 
by the contents of the card while the others (M, A, R, B, C) 
are unchanged. It may be necessary to transfer numbers in 

LINEAR GRADIENT 

F = Mr - M, 
TV 

f ~ NTER. VOL PER TUBE V. / 
INITIAL TUBE No. IT 
FINAL TUBE No. FT 

I c=,Vx,TxF,. , .  ] 
t 

YES 

FIG. 2. Flow chart for the program to calculate a linear gradient. 
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ENTER A,a,B,b,x,dt,&T,T F ) 

x z = xl§ d t ( b - a )  

i 
A =Axt§ I 

1 

G0 

FIG. 3. Flow chart for the program to calculate a curved 
gradient generated by pumping a solution of constant concentration 
into a mixing chamber from which the output is taken at a rate 
which may be equal to or different from the inflowing rate. 

F,  E, D to M, A, R dur ing  the  p rogram changing.  F and E 
can be  s tored in M and  A while  D is s tored  in R by  means  
of  the  special i n s t ruc t i on  RS. The  first i n s t ruc t i on  of the  
new card general ly shou ld  be RS to re t r ieve  the  n u m b e r  
f rom R. This  i n s t ruc t i on  is also par t  of  the  sequence R s 
w h i c h  can be used to clear p rogram in s t ruc t i ons  f rom the  D 
register  af ter  they  have b e e n  used, leaving it free for  
n u m b e r  storage.  

A typica l  s imple express ion  sui table  for  ca lcula t ion  on  a 
desk- top  c o m p u t e r  would  be  the  cross-l ink dens i ty  of  woo l  
measu red  b y  swelling the  wool  in fo rmic  acid where  

I W'wdw 1 s/3 
cross-link density = Wta+w. Wtw)da + WtwdwJ 

The  cube  roo t  c a n n o t  be evaluated  b y  a single p rogram 
step b u t  is evaluated w i th  a simple a p p r o x i m a t i o n  (1):  

1 X 

3']-x = Yn+l = Yn " Yn - 

As an example  of  a long series of  repe t i t ive  calcula t ions  
carried ou t  f rom a m i n i m u m  of  data  en te red  in to  the  
c o m p u t e r ,  I have t a k e n  t he  ca lcu la t ion  of  the  o u t p u t  f r o m  
several devices used for  au toma t i ca l ly  and  con t inua l ly  
changing the  c o n c e n t r a t i o n  of  a so lu t ion  supplied to a 
c h r o m a t o g r a p h i c  co lumn ,  k n o w n  as grad ien t  devices. Of  
these  the  mos t  simple is the  l inear  g rad ien t  genera ted  f rom 
two iden t ica l  i n t e r c o n n e c t e d  vessels. The  example  shown in 
Figure  2 requires  the  ini t ia l  and  f inal  concen t r a t i ons ,  the  
to ta l  vo lume ,  the  vo lume  of  each  t ube  on  the  f r ac t ion  
col lector ,  t he  init ial  and  f inal  t ube  n u m b e r s ,  and will p r in t  
ou t  the  c o n c e n t r a t i o n  in each t ube  b e t w e e n  the  two l imits  
set. 

The  nex t  stage of  complex i ty  is the  p u m p e d  gradient  
device where  buf fe r  of c o n c e n t r a t i o n  B is con t inuous ly  
p u m p e d  in to  a mixing  c h a m b e r  con ta in ing  a buf fe r  of  
d i f fe ren t  c o n c e n t r a t i o n  A f r o m  wh ich  the  o u t p u t  is t aken  
by  a second  pump .  

(EN,E  ) 
No. OF CHAMBERS N 

CONC. IN CHAMBER n 

STORE IN A 
PACKED REGISTER 

~<0 > 0  = 

ENTER INITIAL v/v"~ 
/ A V/v 

v,v= v,v. ov, v-F  ,.• EXTRACT C. FROM 
PACKEO REGISTER 

( 
>0 

n ~  n=f 

[ C~C �9 

I VlV=V/V+I i 

co =co ,N 

=0 

=0 

FIG. 4a,b. Flow charts for the programs to calculate the gradients from multichamber gradient devices (Varigrads) with up to nine 
chambers. 
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CLEAR ALL 

REGISTERS 

X,V) 

Ey, Exy 

I M= NExy-E T.y 
NEx'-C~x)' 

i M.C) 

FIG. 5. Flow chart for the program to calculate the linear 
regression coefficients. 

Flow Rate 

Initial @ 
Concentration 

Volume 

Convex, linear or 

b ( ~ )  a 
Im I~ OUT 

X V 

concave gradients can be generated 
depending on the ratio of the flow rates a and b. 

This type of gradient device has been used for chromato- 
graphy and is finding increasing use in the generation of 
very precise gradients for gradient centrifugation in zonal 
rotors. A full treatment of this has been given by Hinton 
and Dobrota (2). The integral produced in the calculation is 
not calculable with a digital computer and instead an 
approximation must be used 

AX + dt (bB- aA) 
C-  

X + dt (b - a) 

where C is the output concentration after a small interval of 
time. The value of dt is a compromise between accuracy 
and the time taken for computation; comparison between 
this calculation and the value found from integration 
indicates that dt does not have to be particularly small. The 
program (Fig. 3) requires as input A, a, B, b, dt, the time 
interval between printouts AT and the final time T F. The 
computer will print out: time, total volume pumped out, 
volume in the mixing chamber, and concentration of the 
buffer flowing out. This printout will be repeated with the 
time increasing by the set amount AT each time until the 
final time T F is reached when the calculation will terminate 
and the program resets back to the beginning ready to 
accept the parameters for another gradient if necessary. 

More complex gradients can easily be generated in a 
variable gradient device (Varigrad) consisting of a number 
of identical chambers connected in series in hydrostatic 
equilibrium. Tables to calculate the outputs of such devices 
have been worked out (3). However it is time-consuming to 
calculate gradients from the Tables. The output  of a 
gradient device of this kind is given by 

n=N 
C= I3 [Ln'(N- l)!(1-v/V) N-I" 

n = l  

(v/V)nJ]/[N - n)!(n - 1)!] 

where C = outflowing concentration; N = total number of 
chambers; Ln =init ial  concentration in chamber n; 
v/V = fraction of total volume that has flowed out of the 
device. 

Figures 4a and b show the program that can be used to 

ENTER M 
EO V~o 

- 
ENTER. SAMPLE No. ) 

Vi 
Vx Ei 

+ 
VI =Vi +Vx~ i E 

+ 
~ Q = Ei �9 Vto 

Eo. Vt 

S=MXVivt I 

V = RATE xF 1 
Q. K, Vt 

+ 

t 
PRINT S ) 

S/v 

FIG. 6. Flow chart for the program to calculate S, V, l/S, l/V, 
S/V, V/S from experimental data for an enzymic reaction. 

I I L �9 

] 
FIG. 7. Flow chart for the program to determine the order of a 

unisubstrate chemical reaction. 
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TOTAL COUNTS 1 BACKGROUND 
COUNTING TIME 
TIME AFTER ZERO TIME 
HALF LIFE OF ELEMENT 

I 
I'/.ERROR IOOx1.96x~/TOTAL COUNTS 

N--F C ~ T - /  

PRINT NET COUNTS 
% ERROR ) 

MEASURED COUNT RATE/ 

N = R ,."/'R z 

PRINT CORRECT TOTAL COUNT RATE \ 
CORRECT NET COUNT RATE 

CORRECT FOR HALF LIFE 
No = Ne K~" 

. 3 
FIG. 8a. Flow chart for the program to correct the output of a 

Geiger-Muller counter (for background, dead time of the counter 
and the half-line of short lived radioactive elements). 

calculate  gradients  up  to n ine  chambers .  The  first p rogram 
inpu t s  the  n u m b e r  of  chamber s ,  t he  c o n c e n t r a t i o n s  in each 
c h a m b e r  w h i c h  are s to red  in a packed register ,  the  ini t ial  
value for  v /V  and the  i n c r e m e n t  b e t w e e n  p r i n t o u t s  Av/V.  
The  second program calculates  and  sums the  c o n t r i b u t i o n  
the  indiv idual  chamber s  make  at the  value o f  v /V in 
ope ra t ion .  This  ca lcula t ion  is based on  a s imple rou t ine  to 
calculate  XN ~ N! 

A/V C~; 
cr F- 
c x  / v  
BX 

BACKGROUND'LsTORED ON PROGRAM CARD 
a,b J 

/ ENTER TOTAL COUNTS t 

V I = ~, E.S.R. 

TOTAL CPM-BACKGROUND=NET CPM 

E.S.R.x b ,  a=EFFICIENCY 

NET CPM = DPM 
EFFICIENCY 

PRINT DPM 

FIG. 8b. Flow chart for the program to correct the output of a 
scintillation counter (to convert cpm to dpm for a singly labeled 
sample with a linear quench correction curve). 

assuming t ha t  X is in the  B register,  N in the  A register,  and  
1 is in the  C and  F registers.  The  o u t f l o w i n g  c o n c e n t r a t i o n  
is p r in ted  out  and  t h e n  ca lcu la t ion  begins  for the  new value 
of  v /V,  this  will con t i nue  un t i l  v /V = 1, tha t  is, w h e n  the  
g rad ien t  is comple t ed .  The  c o m p u t i n g  t ime  of  course  
increases w i th  the  n u m b e r  of  c h a m b e r s  used but  once  the  
c o m p u t a t i o n  has  s ta r ted  no f u r t h e r  ope ra to r  a t t e n t i o n  is 
requ i red  un t i l  all t he  requi red  values of  c o n c e n t r a t i o n  have 
been  pr in ted  out .  

There  are m a n y  appl ica t ions  where  expe r imen t a l  data  
has  to  be f i t ted  e i the r  to a s t ra ight  line or a quadra t ic .  The 
grad ien t  and  in t e rcep t  of a " b e s t  s t ra ight  line f i t "  to  a series 
of  po in t s  are given by 

m = (NGxy - L;xY?y)/(N2;x 2 - (2x) 2) 

c = (2;x2Ny - Nx2;xy)/(NL;x 2 - (2x) 2) 

ENTER 

G = ? , 9  

( PRINTG ) 

CLEAR 100 
FROM STORE 

CLEAR PROGRAM] 
USED SOFAR 

ENTER D 

i 
A = E.G.D 

( N'ER E or W) 

I I L 00 o0vI 
,. = I I 

STORE 9 
ANSWERS ] I 

I No 
FIG. 9. Flow chart for the program to calculate the results from Atomic Absorption Spectroscopy in either concentration or 

percentage. Nine results can be stored and printed out together. 
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(EN,E  " . . . .  W , . . r )  . . . .  
+ 

PRINT HnorxWn. r 1 
Hnor x Wnor 

JUnor 

ENTER H I ., W I , -)Ji 

C E HIWl/Hn~176 �9 . = - ~ - ; -  . - - ~ - -  

+ 
I STORE C.F.. IN A 
PACKED REGISTER 

FIG. lOa. Flow chart for the program to calculate the color 
factors from an amino acid analysis of a standard mixture of amino 
acids using the "height x width" method of integration of the chart. 

for  the  s t ra ight  l ine y = m x  + c. 
F igure  5 indica tes  the  t ype  of  p rog ram used to  calcula te  

the  g rad ien t  and in t e rcep t .  The  regress ion coef f ic ien ts  for  
the  quadra t i c  y = a + bx  + cx 2 are 

A B C 
a :  ~ " ~ , b =  ~ , c : T ~  

where  

A 
a -['~i = 

Y.v(~x2"~x 4 (~2x3~2)--.Zxv{L;xYx4-.~x2~x3)+Yx2y{.~x22x 3 /~x2)2  t 
n(N x 2.Zx 4- (~x  3)2)-.~x(~x.Z x4-.Zx 2.Zx 3)+L:x 2(.Z x.~ x 3- (~  x 2) 2 ) 

b = 

n { N x y Z x 4 - . ~ x 2 y N x 3 ) - ~ 2 x ( l ~ y Z x 4 - ' x 2 Z x 2 y ) + N x 2 ( ~ 2 y J ~ x 3 - l ~ x y N x  2) 

I M  

C 
n(Y x2 2 x2y. -  ~x 3~ 'xy)--~x(l~x )2x2y--Zy l~x 3)+~ x 2(~2 x ~ x y - - ~ x  2 ~7) 

IAI 

(EN,E  
N =HNoRXjuNIOR WNOR 

FIG. 10b. Flow chart for the programs to calculate the results 
from an amino acid analysis using the "height x width" method of 
integration of the chart. 

_ . . . . . . .  

- R EGIST E R'~k, .... . . . . . .  // 

REG~_~ IRETRIE E; OR' RETRIEVE COLOUR FACTOR 
i PACKED REGISTER C.~ 

I A HxW 

STORE IN 
PACKED REGISTER 

FIG. 10c. See legend for Figure 10a. 

These  are cons iderab ly  more  compl ica ted ,  bu t  t hey  are still 
calculable w i th  the  Olivet t i  P rog ramma  101. Extens ive  use 
has been  made  of  these  curvi l inear  regression express ions  by  
Hul t in  et  al. (4)  to calcula te  the  ini t ia l  ve loc i ty  of  r eac t ion  
of  enzymic  reac t ions .  

Fo r  enzymic  reac t ions  wh ich  obey  Michaelis  M e n t o n  
k ine t ics  the  ini t ial  ve loc i ty  of  r eac t ion  (V)  and  subs t ra t e  
c o n c e n t r a t i o n  (S) are re la ted  by  express ions  such  as 

1/v = (Km/Vrnax) ' l /S  + l /Vma x 

S/V = S/Vma x + Km/Vma x 

V = Vma x - Km'V/S 

The  data ,  a f te r  a su i tab le  t r a n s f o r m a t i o n ,  can be f i t ted  
to all o f  these  express ions  by  means  of  the  "bes t  f i t "  
s t raight  l ine p rogram (Fig. 5). Fo r  the  t r a n s f o r m a t i o n  of  the  
da ta  a p rog ram such  as t h a t  in Figure 6 is used where  the  
e x p e r i m e n t a l  pa rame te r s  are en t e red  in to  the  c o m p u t e r  and  
the  values for  l /S ,  l / V ;  S, S/V;  V/S,  V are p r in t ed  ou t  as 
th ree  pairs of  n u m b e r s  for  each  set of  da ta  en te red .  The  
f low char t  ind ica tes  t h a t  these  th ree  pairs are separa ted  o n  
the  p r i n t o u t  by  b l a n k  spaces so t h a t  t hey  are easily 
discernible .  

The  c o m p u t e r  can be used n o t  on ly  to provide  numerica4 
answers  to  sui table  express ions  bu t  also to help  invest igate  
r eac t ion  mechan i sms .  Fo r  example  the  r eac t i on  

EXTRACT ANSWERS 
FROM REGISTER 
ONE AT A TIME 

Z, 
REGISTER;. NO 

FINISHED 

NEXT 
REGISTER 

R ~ S  NO = 
FINISHED 

FIG. 10d. See legend for Figure 10a. 
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A ~ products 

may  be first order  (where  K 1 = L n ( A / A - X ) T  or second  
order  wi th  respect  to  A [ w h e r e  K 2 = X / ( A T ( A  - X ) ) ] .  

Figure 7 ind ica tes  how  this  can be accompl i shed .  The  
ini t ial  c o n c e n t r a t i o n  of  A is fed in fo l lowed by  the  
c o n c e n t r a t i o n  of  p r o d u c t  at  a t ime  T. K 1 and  K 2 are 
eva lua ted  and  p r in t ed  for  each set o f  values of  p r o d u c t  and  
t ime ,  fo l lowed by t he  m e a n  and  the  p r o p o r t i o n a l  d i f fe rence  
f rom the  m e a n  value. These d i f fe rences  are s u m m e d  and  at 
the  end the  mean  values of  K 1 and  K 2 are p r in ted  t o g e t h e r  
w i th  the  sum of  the  p r o p o r t i o n a l  d i f ferences  f rom the  
mean .  The  f i r s t  o rder  r eac t ion  requ i red  a ca lcu la t ion  of  
loge; this  is accompl i shed  using an  a p p r o x i m a t i o n  (1) :  

Ln X= 16(y + y3/3 + yS/s . . . )  

where y = (8,/'x - 1)/(8~x + 1). 

This p re l iminary  t r e a t m e n t  could  be  carried ou t  wi th  
data  read d i rec t ly  f rom the  measur ing  appara tus .  When  the  
r eac t ion  m e c h a n i s m  has been  es tab l i shed  the  accura te  ra te  
cons t an t  wou ld  be d e t e r m i n e d  f r o m  a s t ra ight  l ine p lo t  of t 
against  the  re levant  express ion.  

This  c o m p u t e r  has  m a n y  app l ica t ions  in the  field of  
molecu la r  weight  d e t e r m i n a t i o n ,  for  example  in the  calcula- 
t ion  of  molecula r  weight  by  o s m o t i c  pressure 

M = RTl (n /C)c- ->O 

In this  case the  f u n c t i o n  n /c  is p l o t t e d  against  c and  the  
value of  (~/C)c-+ o f o u n d  f rom the  i n t e r cep t  by  means  of  the  
" b e s t  f i t "  s traight  l ine program.  

It can be appl ied to  the  ca lcu la t ions  involved in the  
var ious  types  of  u l t r acen t r i fuge  e x p e r i m e n t s  such  as the  
express ions  for  

(a) Low speed s e d i m e n t a t i o n  equi l ibr ia  

where  

1 dJ RT 
Mw = X--J d"~- " (1 -- v,o)w 2 

X = A  - (R R -- RN) /F .  

(b)  Yphan t i s  h igh  speed s e d i m e n t a t i o n  equ i l ib r ium 

(c) 

R T ' 4 . 8 6 2  . d(lo~ y) 
Mw = (1 - vp)w2X dx ' 

The  n u m b e r  average molecu la r  weight  

RT Y 
MN (1 -- vp)w 2 &X]FZXY 

Many  of  the  ca lcu la t ions  used in r ad iochemica l  experi-  
m e n t s  are amenab le  to  c o m p u t a t i o n ;  Figure 8a i l lus t ra tes  a 
typ ica l  p rogram used to cor rec t  the  da ta  ob t a ined  f r o m  a 
s t anda rd  Geiger-Muller  c o u n t e r ;  co r rec t ions  are p rov ided  
for  b a c k g r o u n d  coun t ,  dead t ime  of  the  c o u n t e r  and  
co r rec t ion  back  to a specif ied zero t ime  for  e l ement s  w i t h  a 
shor t  half-life. The  per  cent  e r ror  is also p r in t ed  ou t  for  any  
requi red  conf idence  level. The  co r rec t ion  for  half-l ife 
en ta i l s  a ca lcu la t ion  of  an  e x p o n e n t i a l .  This  is m o s t  easily 
accompl i shed  w i th  a Mactaur in  series w h i c h  takes  very  l i t t le  
p r o g r a m m i n g  space bu t  does  s igni f icant ly  increase  the  
c o m p u t a t i o n  t ime  ( 1 ): 

e x = 1 + x/ l !  + x2/2! + x3/3! ..... 

The  ca lcula t ion  of  the  data  o u t p u t  f rom sc in t i l la t ion  
coun te r s  w i th  desk- top  c o m p u t e r s  has  r ecen t ly  b e e n  
reviewed by  Grower  and  Bransome  (5).  

Dis in tegra t ions  per  m i n u t e  ( d p m )  

= counts per minute (cpm) - background - spillover 1 
efficiency 

The  coun te r  i tself  usual ly  p r in t s  cpm and E x t e r n a l  
S t anda rds  Rat io  (ESR)  for  each channe l .  The  ef f ic iency is 
ca lcula ted f rom a q u e n c h  cor rec t ion  curve w h i c h  is a p lo t  
of  e f f ic iency against  ESR for  a series of  q u e n c h e d  s tand-  
ards.  The  spii lover f r o m  one  channe l  to  a n o t h e r  (e.g., 1 4 C ~  
3H) is calculated f rom a spil lover curve of  pe rcen tage  of  
14C c o u n t s  appear ing  in the  3H channe l  against  e f f ic iency 
in the  14 C channel .  

The  q u e n c h  co r rec t ion  and spi l lover  curves can e i the r  be  
expressed  by  s traight  l ines or quadra t i cs  for  w h i c h  the  
regress ion coeff ic ients  are easily ca lcula ted .  Figure  8b  
shows  a typica l  p rog ram used to  conver t  cpm to d p m  for  
singly labeled samples  wi th  a l inear  q u e n c h  co r r ec t i on  
curve.  For  a doub le  label  e x p e r i m e n t ,  t he  slope and  
i n t e r c e p t  of two sets of  q u e n c h  co r r ec t i on  curves mus t  be  
s to red  as well as the  spi l lover  curves for  14C to  3H channel .  

The  examples  used so far  have s imply  s h o w n  the  t ype  of  
ca lcu la t ions  tha t  are carr ied ou t  w i t h o u t  any u n d u e  
emphas i s  be ing  placed on  o u t p u t  p resen ta t ion .  The  n e x t  
example  appl icable  to  a lmos t  any  analysis  is des igned to  
show h o w  wi th  a cer ta in  a m o u n t  of  a t t e n t i o n  to detai l  t he  
o u t p u t  readibi l i ty  can be improved .  

The  results  of m a n y  rou t i ne  analyses  s imply  requi re  an  
a b s o r b a n c e  to be conve r t ed  to a c o n c e n t r a t i o n  by  means  of  
a f ac to r  found  f rom an analysis  at  a k n o w n  s t anda rd  
c o n c e n t r a t i o n .  Normal ly  w i th  a desk- top  c o m p u t e r  the  
c o n c e n t r a t i o n  is ca lcula ted  and  p r in t ed  o u t  direct ly.  How- 
ever w i th  a large n u m b e r  of  analyses  cons iderab le  e f fo r t  is 
n e e d e d  to sort  ou t  all t he  answers  f r o m  the  roll of  o u t p u t  
paper ,  and  some m e t h o d  of  da ta  s torage is requi red  to 
improve  the  o u t p u t  p re sen ta t ion .  The  answers  could be  
s to red  in several ways:  wi th  a d o m i n o  t echn ique  or  by  
pack ing  registers. The  d o m i n o  t e c h n i q u e  to store and  p r in t  
answers  is e m b o d i e d  in the  p rogram in Figure 9, wr i t t en  to 
ca lcula te  results  f rom A t o m i c  A b s o r p t i o n  Spec t roscopy  
where  the  results  may  be requi red  e i t he r  as a c o n c e n t r a t i o n  
or  as a percen tage  of  the  sample.  B o t h  ca lcula t ions  are on  
the  same card and  the  c o m p u t e r  decides,  on  the  absence  or 
presence  of  the  c o n s t a n t  used for  the  pe rcen tage  calcula- 
t ion ,  w h e t h e r  the  c o n c e n t r a t i o n  or  pe rcen tage  vers ion is to  
be  used.  Af te r  nine sets of  readings  have b e e n  en te red  the  
resul ts  are p r in ted  o u t  t oge the r  and  the  mach ine  resets,  
r eady  to accept  more  data .  These  b locks  of  answers  are 
easily spo t t ed  and  r eco rded  e lsewhere  as required.  Shou ld  
less t h a n  nine sets of  da ta  be en t e red  the  r emain ing  resul ts  
can be p r in t ed  wi th  a single c o m m a n d  to  the  compu te r .  

To carry the  da ta  s torage a stage f u r t h e r - t o  the  packed  
register  t e c h n i q u e - a  set of  p rograms  (Fig. 10) has  been  
w r i t t e n  to  calculate  the  resul ts  of  a m i n o  acid analyses  
where  the  ca lcula t ion  is 

M = Area amino acid Ex M standard 
Area standard Color factor. 

This  t ype  of  ca lcu la t ion  is appl icable  to  any  analysis t h a t  
uses a char t  o u t p u t  ( for  example  the  gas c h r o m a t o g r a p h  or  
sugar analyzers)  where  each  peak  uses a d i f fe ren t  color  
fac tor .  

F igure  10a i l lus t ra tes  the  p rog ram requ i red  to  ca lcu la te  
t i le co lor  fac tors  f r o m  a s t anda rd  c h r o m a t o g r a m .  The  
answers  are bui l t  up  in to  th ree  b locks  of  figures wh ich  are 
p r i n t e d  ou t  and  re t a ined  in the  c o m p u t e r  so t ha t  t h e y  can  
be  r eco rded  o n  p rog ram card 2 of  the  s tandard  analysis  
(Fig. 10c). Figure 10b,c ,d shows the  t h r ee  p rogram cards 
r equ i red  for  a s t andard  analysis.  

P rog ram card 1 s imply  calcula tes  Area  s t a n d a r d / M  
S tandard .  Card 2, w h i c h  has the  color  fac tors  s tored on  it, 
is used to  calculate  the  analysis b y  ex t r ac t ing  the  color  
fac tors  one  at a t ime  f rom the i r  packed  reigsters,  ca r ry ing  
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ou t  t he  c o m p u t a t i o n ,  and  s tor ing  t he  resul t  in  a n o t h e r  
packed  register. The  color  fac tors  are r em oved  as t hey  are 
used so t ha t  space is lef t  to  s tore the  answers.  Card 3 is used 
to p r in t  ou t  the  answers  in a single co lumn.  It does  this  in 
such  a way t ha t  the  answers  are r e t a ined  in the  c o m p u t e r .  

The  results  of  an  amino  acid analysis  are very rare ly  
r e p o r t e d  s imply  as p m o l e s  and  are usually r e p o r t e d  as: 
pe rcen tage  amino  acids,  pe rcen tage  n i t rogen ,  or n u m b e r  of  
res idues  to a set molecu la r  weight .  Because the  resul ts  of  
the  analysis  are r e t a ined  in the  c o m p u t e r  these  ca lcu la t ions  
can mos t  conven i en t l y  be carr ied ou t  s imply  by  add ing  
f u r t h e r  p rogram cards to  the  c o m p u t e r  (6). 

While this  c o m m u n i c a t i o n  has  n o t  i n t e n d e d  to  be a 
review of all the  app l ica t ions  it is h o p e d  t ha t  suff ic ient  
app l ica t ions  have been  d e m o n s t r a t e d  to  s t imula te  people  to  
evaluate  the  p o t e n t i a l  uses o f  this  desk- top  c o m p u t e r ,  

bear ing  in mind  t h a t  m a n y  o f  t he  more  c o m p l e x  calcula- 
t ions  could  more  s imply  be  carr ied ou t  on  a larger 
c o m p u t e r .  
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