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CURVE FITTING WITH ALLOWANCE FOR 

ERRORS IN GIVEN DATA~ 

The method of curve fitting described in this report is intended to 
prOduce a smooth curve, which does not necessarily pass thru 
all the given points. Since in general the given points will be 
experimentally determined, their positior- are Gubjcct to ex
perimental error. To insist that the curve patises exa~tly 

thru all the points will involve a sacrifice of smoothness. 
On the other hand, there is no harm in allowing the curve to 
deviate f rom some or all the points, provided that these deviations 
are kept within the limits of experimental error. The present 
neth()c1 nll ows the operator to find the most desirable com-
F '(I . G bchleen the accuracy of fit and the smoothness of the 
curve obtained. 

Measure of f i t . 

VIe assume that the 1iven points are specified by giving their 
coordinates PI ::' (X" Y,), P?::. ()(:;I.' Y?-), .... Pn (Xn , Yn ); 
n bein~ the number of poi nts. Here it is assumed that 
X, <: X").L X3 < .... (X n , so that no two values of Y correspond 
to the same~. If the data include two or more different 
values of Y for the same)(, an average of these values is 
assumed to be used as the value of Y 

Standard deviation,~, of Y's from the curve is assumed to 
be the measure of goodness of fit It is the positive square 
root of 

where Yk is 

f or x=.xk ; Eq. (2) being the equation of the curve. 

!~easure of curviness 

Many different measures of curviness may be used . A 
theoretically ideal measure might be 
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: (4) 

is the curvature. Eq. (3) gives the average of th~ s9-uare~of 
the curvature per unit length of the curve, ds "<:. j}. t (y I ) ~ ~ 
being an element of length of the curve. However, an attempt 
to use Eq. (3) leads to hopelessly complicated equations. The 
squaring of K is necessary, for otherwise large positive and 
negative K's may combine to give a small value of S for a 
curve that is far from being smooth. 

To avoid complication we choose 

? 
(y,,) dx 

as our measure of curviness. If ylis considerably smaller that lj 
the S defined by (5) will approximately equal (3), except 
for a constant factor Xn - x, ' which has no effect on what follows. 
However, even when y I is large, a small value of S of Eq. (5) will 
ensure tha,:t, y" is small, and that therefore y, is nearly constant, so 
that y = j (x) approximates a straight line. 

Combined Requirements 
Eqs. (1) and (5) give two quantities that we wish to be small. 
However, we cannot minimize both of them, since making one smaller 
generally makes the other larger, and conversely. 

The best we can do is to assume some constant value for one, 
and then make the other as small as possible. It turns out 
that it makes no difference which is kept constant and which 
is allowed to vary, the results are the same in both cases. 
This can be seen as follows: 

Suppose that the curve is given a small variation from its 
optimum shape, so that instead of Eq. (2) it is now given by 

y -= ! (x) -f E I (x), (6) 

where E. is very small and ~ (x) is arbitrary. This 
produce s a change in y equal to 

d y =-c 1 (x), 
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which causes the changes d (o?-) and t s. One of them 
has to be zero because the varied quantity is assumed to be 
constant, the other variation is zero because the varied quantity 
is to be a minimum. Thus, whether ~~or S is kept constant, 
~ must have f 0 ~_ 0 ~ J S:. 0 for an arbitrary small variation 
d y. 

Now 

and 

and 

~~ 
n d rJ .::2 ~ 

r' xn Y" (x) 1" (x) dx ~ 0 

x, 

(8) 

Eqs. (8) and (9) have to hold for arbitrary 
to be doubly differentiable. 

7 (x), assumed 

Mathematical transformations. 

As they stand Eqs. (8) and (9 ) are not convenient. We therefore 
transform them as follows: Eq. (8) can be written in the form 

<n tA . r ~ 
;~:o) ci11 r y (x) - YJd (x - ~J 1(x)dx~ 0, (10) 

c./. ~ -., X,-/' 
where 0 (x - x,,) is Dirac's delta function, and~ is an arbitrary 
positive quantity. 

Eq (9) can be written with the same limits of integration as 
Eq. (10) Then, i ntegrating by parts twice we obtain: 

x of!'- x f / 

(x)l<x)1 ~ en yll/I (X)7 (x)tk~<,{) (/~ 
i1-)l - ~-/<- ~ 

lim ([Y" (x)",,, (x) - y'" 
,/<.y(j I..:. I 

Since /Y)' (x ) is arbitrary, this requires that y"(x):.o at 
both end points; i,eo( 

y" (x,) ~ 0 and Y" (xn ):: 0 ( 12 ) 

Paie No.3 
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xf.)< 

[- ylll(X) 'j (xU
n 

x, -f/ 
can be represented by 

With Eqs. (12) assumed to hold, Eq. (11) now becomes: 

lim jn"[;.'J.Y'" (x J,f (x - "" - y'" (x l cf (x -x ,jJ1(xld:< ~ 0 
/(~O x, _jt , 

Eqs (10) and (14) are now to be comt) i.ned. If we had Eq. (14) 
alone, we would, since 1 (x) would then be arbitrary, require 
that the bracketed expression in the integrand be zero. But 

(14) 

i (x) cannot be completely arbitrary, since it must be such as to 
satisfy Eq. (10), which in this case must be re~arded as a 
condition on L (x). Conversely, the coeffi .: i.p. ~t of ~ ( ) in 
Eq. (10) cannot be set equal to zero,for then =q. (14) would 
not be satisfied. As usual,we shall use the method of Lagrangian 
multipliers. This consists in our case in multiply:i "~ one of 
the two equations, either Eq. (10) or Eq (14), by an undetermined 
parameterJand adding to the other. We choose the second 
procedur~ and obtain: 

lim 5[t:f<xl - yJ.f (x - "klt A y"" fA~"'{;r ()C-x/) 

/'.,,0 <, J- -/ -r (x -x nll 7 (x) dx· 0 (15 l 

The value of this method consists in the fact that now 1 (x) 
can be treated as arbitrary, and we must have the follmH.ng 
equation holding: 

lIy/l
II
+), y ,,'[£ (x - x, l - d (x - xJ] .. ~f.!(Xl - YJ 

=/ d (x -x
k
);' 0 (16) 

Remarks on the meaning of 4 

As we have seen, the solution of Eqs. (12) and (16), subject 
to whatever further conditions we wish to impose, may be regarded 
either as the solution minimizingo" with given S(see Eqs.(l) and(5)), 
or as minimizing S with given~?. We choose the second interpretation . 
The solution of Eq. (16) will contain ~ as a parameter. The solution can 
then be substituted into Eq. (1), and solved for A (6' ~ being given) . 

Pale No. 4 
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It can be shown that, for small ,A , 0 i s directly proportional 
to .1 - This can be made the basis of det e rmi ning suitable A 
by an iteration procedure . 

Another way of interpreting /L consists of r egarding i t as 
the relative weight to b~ given tne equation [ S : 0, compared 
wi th the equation d 6' '= 0, the latter being assigned the unit 
weight. For.A. ': 0, the curve must pass thr ough all t he g i ven 
points; for A :0'0, the curve becomes one st raight line. 

Discussion of Eq~ (16) . 

Multiplying Eq. (16) by dx and integrating from x :. XI - t to 
X _ x t ~ , with 0 <. '; ~ (x - x ), we obtain, in the limit 

- m ) :;; m+ 1 m 

as (-:'C3 

A Y'''(Xm+$)+ .f!~[Y("k)- yJ =o 
This is obtained with the help of the equation 

F (x ) 
k 

which is a property of the Dirac delta function cr (x - xk) 
and holds for any F(x) with arbitrary positive a and b . 

(18) 

Eq. (17) shows that in general yll' changes suddenly as x pas ses 
thru one of the given values, xk' but remains constant between 
two consecutive values of x. 

Therefore the required curve consists of a set of cubic parabolas, 
one for each interval between given values of x, which we shall 
take to be of the fonD. 

y (x) ~ Bm of bm x ... em x"'+ ~ x 3 

for the m - th interval, defined by 

x~ x , m ... , l ! m~n -l. 

Continuity 

(20 ) 

The possibility of equalities in the relation (20 ) means that we 

Paae N°· 5 
Property of General Electric Company 



r 

L 

GENERAL ELECTRIC COMPANY 

TECHNICAL INFORMATION SERIES 

NO. R59FPD442 

assume y (x) to be continuous at points x . In fact, at this 
point, by Eq. (19), for x:::. Xm, m 

() + :r.. ~ 
y Xm -::: Elm bm Xm + cm Xm + dm xm 

On the other hand, replacing m by m - 1 in Eq. (19) and then 
taking x:::. Xm, 

y(x
m
); am -1+ b x -r- c . x ~+ d 1 xm

3 
m-l m m-l m !n-

so that we must have 

a -+- b x + c x?.+ n x 3; a + b x m m m m m !n m m-l m-l m 

+ C x ~f d 
Y<I-I m m - 1 

x~ 
m' 

(21) 

which is the condition of continuity of y(x) at the point Xm' 
This must hold for m ~ 2, 3, • • • (n -1), thus providing us With 
7\ - 2 equations connecting 4(n - J.) constants at , b I' c,' d, , a~, •.. ~ -1 

We may, and do, require also continuity for y I and Y"· This 
gives us additional 2(n - 2) equations: 

bm + 2 cm xm+ 3 dm 
x~ 

m - b + 
m - 1 

2 c 
m -

and 
c t 3 d x ;;; cm_ 1+ 3 dm _ 1 Xm 
m m m 

both holding for m= 2, 3, "0 (n - 1) 

Eq. (23) is a simple recursion formula 
cm - cm _ 1: 3 (~ - 1 - dm ) x , 

m 
(24) 

which can be solved for c , m>l, in terms of c, and the d's. 
Thus, writing down the set of equations obtainable fran Eq. (24) 
by letting m; 2, 3, ••• k, and adding them together , we get: 

(22) 

k 
c

k 
- c I = 3 ~ (dm _ 1 - <\n) ~, k : 2, 3, . • • (n - 1). ( 25 ) 

m_ 2 

Multiplying Eq (23) by 2 x and subtracting from Eq. (22) we obtain, 
m 

?-

b - b :: - 3 (d 1 - d ) x } m m-l m- m m 

which is analogous to Eq. (24), and gives 

Paae No. 6 
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b - b :: - ~ (d - d ) x \ k; 2, 3, ••. (n - 1). 
k , m= 2 m - 1 m m 

In a similar way, multiplying Eq. (22) by ~ and subtracting 
from Eq. (21), we get 

(26) 

a - c x ~ - 2d x:;' _ a - c x ~ - 2~ 1 x ? 
m mm mm- m-l m-lm - m 

Further, multiplying Eq. (23) by x; and adding to the last equation 
above, there results 

am - am _ 1 = ('\n - 1 - dm) x m: 

which is SOlV~d anO~OUS1Y to Eq. 

a
k 

- a ( - (dm _ 1-

'YYI.:. ~ 

(24), giving 

d ) x 3 k~2, 3, ••• (n - 1). m --m, 

Eqs . (25), (26) and(27) give 3(n - 2) constants in terms of 
the remaining n + 2, namely a" b I , C I J d J J d~, ••. dn _ 1 

Modified variat ional problem 

The quantities cr~ of Eq. (1) and S of Eq. (5) can no~ J e 
made more specific by expressing them in terms of the last 
named n +- 2 variables. Thus, since 

Y" (xm ..,. ~) = 2 [c m + 3'\n (x m .f !,)] 

S' 4
m

• ~i~+~3~xJ?dx . 

:: 4 ~:I fIxm+1- xm) "",' + 3(x,.'J." 1- x,.l cm~ +- 3(x2tI-X~~ 
The equation b S ~ 0, can now be replaced by 

~ (E<xm+ 1- Xm) cm ... 3 (x:+ 1 - ~)aJ[cm 
~'I 'U 

+[i<~").1" 1- x;) cm + 6(x:+ 1- x~) dJd drrJ -= 0 

using Eq, (25), we now replace c and ",-cm (m::>l) by c, ). 6c l ' 

the d's and their variations. In.rhe calculation is rathe.l.' 
lengthy, and the result ~ 

RG' c, + P,ef d, -+ ti~ PkO dk = 0 

where 

Paae No. 7 
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ffI..-1 

~ (x - x ). 
ryy! _I( m-tl m 

(2x - x - x )d 
n m m tl m 

"" -I 
+ 9 (x - x.) Z (x 1 J - X ) (2x - X - X )d, 2 ~ k ~ n - 1 

ktl K "?>1=-,e-f1 m.,. m n m mtl m 

Similarly, using Eq. (19), Eq, (1) becomes 

rr') - / 

n 0- "= ~, ("'I< ~ bk "k +, -+- ck x~ t t '\ "k;,- Ykl-I )" 

~ '3 ~ + ( a I +- b ( x , i cl xI -r dl X I - Y,) ( 29 ) 

With the help of Eqs. (25), (26), and (27), the equat i on d 6 ;0, 
becomes 

where 
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;y.-I th 
1~ + ""~ .1M 4Jx.. -:!l 

- ~) - (~ - xm + I ) ~Yk 

L 

M -

N - a - I 

a, 2' x 
k , 

~ 
- x ) m 

I -r 

,yJ ?.. 

biZ' ~ -t 
I 

/'YI 

C,2 x 
/ 

~ 

k 

y 
k 

Q, "- 8'f$ E{- (xk -x ~ l}{j t blQ¥' "1<' 

[Yy.'" - (Xk -xi)+ X,1 

Paae No. 9 
Property of General Electric Company 



L 

GENERAL ELECTRIC COMPANY 

TECHNICAL INFORMATION SERIES 

NO. R59FPD442 

_ (~_ x )~1 -; [(~-x f -(x -x 1)37Yk 
p + 1 '-J ~P+J P k P + '..J 

Eq. (28) is now multiplied by~ and added to Eq. (30). Then 
J"a" Jb" o c, ,6 d, , . • . . [' Cl.)I'_( are treated as arbitrary independent 
quantities, so that their coeff.Lcients can be set equal to zeros . 
We then obtain the set of equations: 

L ;; 0 , 

M : 0, 

N + ~ R = 0, 

~ +).. p p :: 0, 1 ~ P ~ n - 1. ( 34 ) 

Eq. (34) is really n - 1 equations, one for each value of p. 
We thus have n + 2 equations for the n + 2 unknowns, a" b I' C I' 

d
l 

, ••• • d 1 
n - : 

Simplification 

Examination of our equations shows that considerable simplification 

Paae No. 10 
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can be achieved if x, ~ OJ i, e., if the first point corresponds 
to x ~ o. However, since in general this will not be the case, 
we can achieve the same result by the transformation 

and the use of the new independent variable ~ instead of x. 
Instead of Eq. (19) we would then use 

D X:3 
k -

If desired, the old coefficients aK, •• • dk can then be found by 
equating the right sides of Eqs. (i9) and (36) and using 
Eq. (35) , 

Equations (25) to (34) remain ralid if we now replace x ty i, 
a by A, b by B, etc. and put !, ~ o · It now becomes possible 
to write the expressions for R, Pk , L, M, N, Qk in a more 
compact form. 

Thus, we now have: 

YI-I 
-f (- -) :E (! - i )(2 ~ - X - X 9 ~+I- ~p 'n'1 :;0+1 mt-I m -m m + I 

for l~ p~ n - l. 

L .:;: n A,-t B, ~ ~-+ C, ~ z?-
~ k 

"tt' l tit lf!Xk - Xm).3 - (X - ~ )3J - ~ +~ D 
m k -fI I 

Y1l=1 

M A, ~ ~ ....J.. -::: f 
<:-' ~~ + c, £' X3 

B, ~ 
;I.. ~ k 

Paae No. 11 
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-(x - X )J 
-k -p ~I 

y ) 
k 

(40 ) 

(41 ) 

1 ~ P ~ n - 1, ( 42 ) 

Discussion and fUrther simplification. 

The n + 2 equations, Eqs. (31) to (34), are adequate when 7..}0. 
However, when~ :: 0 the determinant of the set vanishes aa;\ times 
a polynomial in A of degree (n - 2). The vanishing of the 
determinant for~ :::. 0 is not surprizing, if one considers that 
this case corresponds to dropping the condition of minimum 
curviness, and thus reducing the problem to a simple least 
squares fitting of ' / points with an il + 2 parameter form. 
Since n parameters are adequate to make the curve pass exactly 
thru all the points ( thus reducing c5;).. to its absolute minimum 
value, zero), two parameters can be chosen arbitrarily. Thus, 

Peae No. 12 
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two equations are redundant and must be consequences of t he othe r s. 
This is manifested by the occurrence of ;i?- a s a factor of t he 
determinantr 

On the other hand, we have two additional conditions, Eq . (12), 
which by Eq. (36) are 

Y" (X,) -= y" (0) -= 2 C ,::' 0 

and (44) 

which must hold for any choice of ~ , and thus in the limit of 
II 7 o . This permits us to drop two of the equations of the set 
(31) - (34), and replace them by Eqs . (43) and (44). 

Eq. ( 43) gi ve s C, = 0, and may be used to simply drop all terms 
in Eqs. (31) - (34) containing C, as a facto~. Eqv (44), in 
wiew of Eq. (25), reduces to 

y.. -I 
:2 (Xm+l - Xm) Dm -::. o. (45) 
"rl -:.I 

Summary 

We take as the final basic set of equations the following n t 1 

equations: 

L -=- OJ 

M -:: OJ 

N +~ R :. OJ 

~ t~ Pp -::. 0, 

YI-I 
:2 (~ I' - Xm) Dm = 0, 
'WI:::./ . 

(46) 

(47) 

(48) 

(49) 

(50) 

for the n+ 1 unknowns: A" B" D1 " •• Dn _ l' where L, M, N, 
Pp ' ~, R are given by Eqs. (37) - (42), with C,~ O. 

When these are solved for any assumed ' j\) WE. use 

2~k~ (n - 1) (52) 

Paie No. 13 
Property of General Electric Company 



u 

u 

r 

L 

GENERAL ELECTRIC COMPANY 

TECHNICAL INFORMATION SERIES 

With all 4(n - 1) coefficients known, we can calculate y(X), 
for Xk ~ X $" ~ -+- l' by the formula 

w + ~ -~.L -"> 
y(~) -= Ak BItt Ck ~ I Dk X • 

Detennination of :;:\ 

From the knowledge of experimental technique it is possible to 
estimate the standard deviation of the meaured values of Y, 
that is (). In general the exact value of () is unknown, and 
in fact unnecessary. Let us assume that it is decided thatOi 
should lie between 0;, and ~ It is then required to find a 
value of ~ for which (J" would lie in this range. 

;;, as a function ofC) has the following properties: For I) =- ~ /I :::0) 

except when all pOints lie exactly on a straight line - a 
trivial case requiring no curve fitting. Increasing A will in 
general increase a-, again except for the straight line case, 
when y" = 0 and /I has no effect on 6. If A 7 00 , the curve 
approaches a straight line and (5 ;'will have its maximum value, 
say6~") corresponding to the best fitting straight line. 
Thus, in general,;\ is a monotonically increasing function of 
a-, starting at A -::. 0 for 6'.: 0, and becoming asymptotically 
infini te for 6 ::: 6....,."., I 

For small 6 ) ~ will in general be proportional to 6. This 
can be seen by assuming that A is expanded in powers of'(5 and 
noting that, since).;;: 0 for -6 :::0) the constant term is missing. 

Based on this behavior of ~ , we suggest the following procedure 
for detenninimg a sui table,..? • * Assume an arbitrary A -:.. /l / 
and having gone thru the calculations described in the last 
previous section of this report, determine corresponding 15 • 
Test to see if this "6 lies between 6, and 6.;l.. If not, let 

/\J.. be found from the equation 

and repeat. 

* This method was suggested by Dr. J. H. Bramble . 

Paae No. 14 
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Practical difficulties. 

While theoretically the set of equations (46)-(50) appears satisfac
tory, in practice they are very ill-conditioned. They have been pro
gramed for use on IBM - 704 and gave good results when n did not 
exceed 6. For n = 8 or more results were very poor especially for 
small ~ . 

We have, therefore, attempted to find another set of equations, 
equivalent to the set (46)-(50), but better conditioned. The at
tempt was gratifyingly successful and is described below. 

Well-conditioned equivalent set. 

When ~ = 0, the curves given by Eq. (50) pass through all the given 
points. In that case, however, the coefficients Ak, Bk, Ck, and ~ 
can be found more directly. We can still use Eqs. (52)-(54), the con
tinuity conditions. There are 3(n-2) of these equations. Further, 
the end point conditions, Eqs. (45) and (51), provide two additional 
equations. Finally Eq. (55) has to hold at n points, giving n 
additional equations. Thus, in all we have 3(n-2) + 2 + n = 4(n-1) 
equations, which is just equal to the number of unknown coefficients 
in Eq. (55). 

When Ak, Bk, and Ck are replaced by their values from Eqs. (51)-(54), 
Eq. (55) becomes, for X = Xk' k = 1, 2, .... n 

(57) 

This set of n equations is equivalent, for ~ = 0, to the set (46)
(49). This can be seen as follows: 

If the n equations (57) are added together, in other words, if the 
two sides of (57) are summed over k, from k = 1 to k = n, the result 
is Eq. (46). If eq. (57) is first multiplied by Xk and then summed 
over k, the result is Eq. (47), etc. In general, each of the equa
tions (46)-(49) is obtained from Eq. (57) by first multiplying it by 
a suitable function of Xk and then summing over k. The suitable fac
tor can be easily seen by noting the factors by which Yk is multiplied 
in Eqs. (39)-(42). 

Now, the idea behind our attempt to i mprove our equations is to replace 
them by a generalization of Eq. (57), involving terms in;1, which 
would be equivalent to the set (46)-(49) even when ~~O. We first 
tried the equation; 
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but it soon became obvious that this set ~annot be made equivalent 
to the set (46)-(49) for any choice of . fkm. The generalization that 
worked was: T 

k-l 
Al + B1Xk + L 

m=l 

+~ z/kmDm 
m=l 

( 58) 

This set of n equations (k = 1, 21", n) replaces Eqs. (46)-(49) 
and must be used with Eq. (50) to determine Al' Bl' Dl' D2"" Dn-l' 
After these are obtained, Eqs. (51)-(54) give the remaining coefficients. 

The problem was thus reduced to finding coefficients ;rkm (k = 1, 2," ' n; 
m = 1, 2, ... n-l). Operating on Eq. (58) in the same way that we oper
ated on (57), and comparing the results with Eqs. (46)-(49), we obtain 
conditions on ~m' Thus, for example, summing Eq. (58) over k, from 
1 to n, we obtain Eq. (46), provided 

n n-l (' 
2: "Z J km Dm = 0 
k=l m=l 

If we assume, as we did, that~m are independent of Dm, then 

1 ~m ~n-l 

Similarly, we obtain the following conditions: 

L 

GT 2063 ·C\ (10· )2) 
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L 

with the same condition on m. Further equations are: 

for 1 ~ p -=. n - 3 and 

On the other hand, the right-hand member becomes 

for 1~p~11-3 and p + 16- m ~ n - 1. 

Finally 

for 1~p ~ n-3 

The set of equations (59)-(64) has n(n-1) independent equations, 
which is just the number Of;rkm' 

Looking at Eq. (58) we see that any common factor of all /:m can be 
taken ou t and included in ~, since;1 is arbitrary. The right-hand 
members of Eqs. (59)-(64) all have a factor 3, which can therefore 
be omitted. The ~km satisfying these equations can be divided into 
3 groups. 

Group I, when 1~k=-n-3, and 1~m~n-1: 

Am 0 for k..:m 

1 for k=m 

=-1 for k=m+l 

= 0 for k>m+l 
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Group II, for k~n - 2 and l~m~n - 4 

L 

{n-2, m 

fn-l, m = 

In, m 

(Xm+l- Xm )(Xn - Xn-l) 

(Xn-l- Xn -2)(Xn - Xn -2) 

-(Xm+l- Xm)(Xn - Xn - 2) 

(Xn- Xn-l) (Xn-l- Xn -2) 

(Xm+l-' Xm)(2Xn - Xn-l- Xn -2) 

(Xn - Xn_l)(Xn - Xn - 2) ' 

Group III, for k ~ n - 2 and m ===-n - 3 has the following nine 
members: 

!n-l, n-3 

In, n-3 

/n-2, n-2 

- (Xn - Xn-l)(Xn-2- Xn-3) 

(Xn - Xn-l)(Xn-l- Xn-2) 

(Xn-2 - Xn-3)(2Xn - Xn-l- Xn -2) 

(Xn- Xn-l)(Xn - Xn-2) 

(2Xn - Xn-l - Xn-2) 

(Xn - Xn - 2) 

~-l, n-2 = - (2Xn - Xn-l - Xn -2) 

n-2 

/. 

(Xn - Xn-l) 

(Xn-l- Xn -2)(2Xn - Xn-l- Xn -2) 

(Xn - Xn-l)(Xn - Xn -2) 

!n-2, n-l = 
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- (Xn - Xn-l) 

(Xn-l - Xn -2) 

In, n-l (Xu - Xu-l) 

(Xn - Xn -2) 

For n = 4, Group 
are vacant. For 
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INTRODUCTION 

This booklet has been prepared by Computer ntta Processing, Quality 
Control and Test, MSVD, Philadelphia. By no means is it meant to reflect the 
entire scope of the workload handled by this group but rather the progress that 
has been made in generalizing data processing on the 704 Computer . We realize 
that we are relatively new in this field, but in the space of a few months, ambitious 
programs have been undertaken, accomplished, and placed into productive operation. 
The resultant yields w~re indeed rewarding -- some fine savings, program integra
tion, and a greater acceptance of the merits of generalized programming. 

Progress has come rapidly, and so have the modifications . Each step 
forward has meant a retracing of effort to consolidate and eliminate redundancies 
in whatever work was done before. This has not been an easy job, and there is 
still more to be done. Each day, it appears that we are only inching our way 
forward but the net cumulative effect has been far greater. The inches have be
come a giant step and our painstaking work has resulted in significant accomplish
ments. This is the story which we wish to relate . 

Section One of this paper contains a general description of our system, our 
history, and what we are presently planning as additions or improvements to our 
program. A sample data processing problem involving all the routines is described 
in Section Two. Cost Estimate ntta was selected for its common usage at most 
installations and because it is unclassified information that we are permitted to 
describe . The Cost Estimate Program provides cost estimates incurred by per
sonnel and computing equipment in behalf of the plrticular jobs within the depart
ment's operation. 
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SECTION I 

GENERAL DESCRIPTION OF THE SYSTEM 

Though initially the programming effort at MSVD was mainly used for flight 
test data processing and solution of engineering problems, an increasing volume of 
business-type data processing requests have been channeled through Data Process
ing & Computation Operation. These problems are business-type in that many of our 
customers need sorts, merges, reports, file maintenance, and some interrogation 
to accomplish their data processing requirements. What most of you have probably 
noticed at your own installations is that customer computer requests are basically 
the same in nature but different in detail. Bearing this in mind, and concentrating 
on the more routine facets of data processing, we devoted our attentions toward 
generalized programming. See Figure 1. 

Since no group exists at MSVD whose sole interest is advanced techniques, 
our approach to generalized programming has been to prepare the generalized 
programs only when a specific application arose, and to partially defray this cost 
with funds budgeted for that specific application. Therefore, our generalized sys
tem has grown by using each new requirement as justification for subsequent ex
pansion. Quite often, these generators had a limited range because the customer's 
needs did not encompass the full extent of generalization. But as time passed, we 
have tried to develop a highly flexible system. Modification of programs, Widening 
of ranges, consolidation of separate runs into one-pass routines and relaxation of 
restrictions have become a regular occurrence. 

Obviously, the first few generalized applications were more expensive than 
the specific programs would have been and, in addition, they took a longer time to 
prepare . However, in ·l-te period since 1 January 1959, several cost improvements 
have been credited to our program; each subsequent application will result in still 
more savings. Thus, the .extra money spent to produce these routines has more 
than paid for itself. Savings by the 704 computer are estimated at the overtime 
rate of $65 . 00 per hour and a bit more than $4.00 per hour per programmer. 

Like any other system, there are basic ground rules which are needed for 
integrating the program to enable customers to utilize commonly defined packets 
rather than tailored individual programs. For a start, we preferred to work with 
fixed-length records of no more than one hundred words and only one physical 
.file per reel, although the logical file may extend over several reels. In all cases, 
other than the report routine, where only BCD mode is accepted, data may be in 
either the BCD or binary mode, and in any case, may also be numeric, alphabetic, 
or alphanumeric in content. In addition, up to 15 different masks may be utilized 
for extracting key words in the sort, merge, file maintenance, and word convertor 
routines. Each run (except for the report routine, which by nature is usually a 
final processing routine) has the option of reading in the next run for subsequent 
processing or halting after completion. Most of the ground rules we a_dopted were 
restrictions in the generalized sort which we did not program ourselves, but we 
accepted them in our sort program to get the project under way. Unless otherwise 
specified in this writeup, all our runs have the aforementioned restrictions . 
See Figure 2. 

T)le following are some highlights of our generalized routines. They are 
currently being used or they are being readied for customer use . 
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CURRENTLY GENERALIZED ROUTINES 

I. SORT (WORD CONVERTOR) 

2. MERGE 

3. REPORT 

4. FILE MAINTENANCE 

5. SELECT 

6. ARITHMETIC 

FIGUREl 



GROUND RULES FOR OUR 
GENERALIZED SYSTEM 

I. BCD OR BINARY DATA, EXCEPT FOR ONE ROUTINE 

2. FIXED RECORD LENGTH, EXCEPT FOR ONE ROUTINE 

3. MAXIMUM RECORD SIZE OF ONE HUNDRED WORDS 

4. MOST RUNS HAVE OPTION OF READING IN NEXT PROGRAM 

5. UP TO 15 MASKS IN RUNS THAT REQUIRE GENERALIZED EXTRACTION 

6. NO LABELS OR DIRECTORIES PROVIDED 

FIGURE 2 



For sorting purposes we use the Harriet R. Meadows Sort Generator 
(GI Sort No. 404). This routine generates a running program deck based on para
meter card information. Each generated routine sorts items requiring as many 
as 15 keys. A key word may be an entire word or any portion of a word and may 
be anywhere within a record. Only one reel at a time may be sorted; two or more 
reels require a merge after sort. The sort is relatively slow anti inefficient but 
it accomplishes all that is asked of it. We estimate that it would take three months 
to develop a more efficient sort but, so far, no customer has been willing to assume 
the financial burden for its development. 

To further aid customers in sorting, we have developed a generalized word 
convertor routine. This routine converts BCD alphanumeric data to binary pseudo
codes, and in turn, sorts and subsequently decodes them into their original BCD 
alphanumeric state. This procedure enables us to sort on such keys as government 
stock numbers according to the various peculiar sequences demanded. In some cases, 
alphabetics must precede numeriCS; in others, blanks must precede zeros and for 
another type of breakdown, dashes within stock number must precede any other 
designation. Of course there are sequenc e problems other than these that customers 
will request, and by completion of parameter cards according to specifications any 
desired sequence can be attained. 

At the present time we are investigating ways to use the word converter in 
the first and last pass in the sort. This would save us one pass of input during each 
processing cycle . Since read/write time for the processing of magnetic tape input 
on the 704 computer is rather slOW, the elimination of two tape passes per process
ing cycle can result in a considerable saVing. 

Wherever there is sorting, especially for multi-reel sequencing, merges 
are generally required for further proceSSing. Initially, we decided to make our 
merge as simple as possible . 

This program can merge two to five se~rate files of data. The program 
checks each tape separately for sequence. When there is a break in sequence, the 
run halts and no further merging takes place beyond this point. Two reels are pro
vided for output with automatic switching of these units for multi-reel files. Options 
are also provided to include hand coded subroutines and for loading program decks 
that are fed-in by parameter cards. 

With a bit more experience under our belts, we are starting to think of 
more sophisticated component subroutines for the merge. The following improve
ments have been added to the merge, which make it a much more useful and 
powerful tool for our data processing needs. 

1. An option to process numeric information only. This speeds up the 
proceSSing of such data because alphabetic information requires more tests than 
numeric data. 

2. A redundancy tape test (RTT) option. This will print on lirie the record 
in error and indicate which tape it came from. The record will be eliminated from 
the merge and the program will either continue or stqp as determined by a Signal 
feed-in on a parameter card at generation time. 
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For sorting purposes we use the Harriet R. Meadows Sort Generator 
(GI Sort No. 404). This routine generates a running program deck based on para
meter card infortnation. Each generated routine sorts items requiring as many 
as 15 keys. A key word may be an entire word or any portion of a word and may 
be anywhere within a record. Only one reel at a time may be sorted; two or more 
reels require a merge after sort. The sort is relatively slow and inefficient but 
it accomplishes all that is asked of it. We estimate that it would take three months 
to develop a more efficient sort but, so far, no customer has been willing to assume 
the financial burden for its development. 

To further aid customers in sorting, we have developed a generalized word 
convertor routine. This routine converts BCD alphanumeric data to binary pseudo
codes, and in turn, sorts and subsequently decodes them into their original BCD 
alphanumeric state . This procedure enables us to sort on such keys as government 
stock numbers according to the various peculiar sequences demanded. In some cases, 
alphabetics must precede numerics; in others, blanks must precede zeros and for 
another type of breakdown, dashes within stock number must precede any other 
designation. Of course there are sequenc e problems other than these that customers 
will request, and by completion of parameter cards according to specifications any 
desired sequence can be attained. 

At the present time we are investigating ways to use the word converter in 
the first and last pass in the sort. This would save us one pass of input during each 
processing cycle . Since read/ write time for the processing of magnetic tape input 
on the 704 computer is rather slow, the elimination of two tape passes per process
ing cycle can result in a considerable saving. 

Wherever there is sorting, especially for multi-reel sequencing, merges 
are generally required for further processing. Initially, we decided to make our 
merge as simple as possible. 

This program can merge two to five setnrate files of data. The program 
checks each tape separately for sequence. When there is a break in sequence, the 
run halts and no further merging takes place beyond this point. Two reels are pro
vided for output with automatic switching of these units for multi-reel files. Options 
are also provided to include hand coded subroutines and for loading program decks 
that are fed-in by parameter cards. 

With a bit more experience under our belts, we are starting to think of 
more sophisticated component subroutines for the merge. The following improve
ments have been added to the merge, which make it a much more useful and 
powerful tool for our data processing needs. 

1. An option to process numeric information only. This speeds up the 
processing of such data because alphabetic information requires more tests than 
numeric data. 

2. A redundancy tape test (RTT) option. This will print on liIie the record 
in error and indicate which tape it came from. The record will be eliminated from 
the merge and the program will either continue or stqp as determined by a signal 
feed-in on a parameter card at generation time. 
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3. Two "out-of-sequence" options. One option will print on an error tape 
all records that are out of sequence, eliminate these records from the merge and 
continue. The out-of-sequence tape may then be re-sorted and merged with the 
master file. Our second treatment would be the one that is currently in use --
to stop the run when an out-of-sequence item is encountered. If no RTT error has 
occurred or no records are out of sequence, the condition will be so indicated by 
a print out on-line. 

4. An equal conditions option to go into a series of hand coded subroutines 
that will process the "equal" records . This is used temporarily to take care of 
file maintenance until the later program is checked out. 

5. Lastly, a variable length records option. This is a refinement that has 
added a bit of versatility to the merge. It permits variable length records coming 
from the same tape or any of the five tapes to be merged. Many customers need 
this bit of freedom, especially those who are maintaining records of transactions 
by account. It is impossible to know the exact number of transactions for anyone 
account, therefore variable length records are needed for greater efficiency in 
file maintenance and for insertion, as well as deletion of all entries as they occur. 
The only restriction that we place on the use of variable length records is that the 
keys must be in the same position in each record. With careful record deSign, a 
customer should be able to pass variable length records which will meet this 
stipulation. 

A highlight of our budding generalized program system is the Report 
Generator. It is patterned after our Output Generator for Scientific Data . To 
use the program, the customer completes forms which describe the format of the 
report and give the source of the information. The completed forms can be turned 
over to a keypunch operator and cards can be punched directly from the form in
formation. 

After the parameters have been punched, the generator produces the pro
gram that will output the report according to parameter specifications . The 
follOwing features are a functioning integral part of the report routine . 

Input, which must be in the BCD mode, may come from a sort, a selection 
routine, or from another run not necessarily linked with the report routine. Out
put can be printed on either small (8 1/ 2 in. x 11 in.) or large (11 in. x 16 7/ 8 in.) 
forms, single or double spaced, and with or without leading zeros. 

Page numbers can be provided in several ways. No matter what the cus
tomer preference may be, upper right hand corner, lower right hand corner, or 
no page number at all, this routine will satisfy all numbering requirements . 

The printed form can be arranged in any layout as long as it satisfies the 
following specifications. Each page may have a heading, data lines, summary 
lines, and final lines. The page heading is limited to nine printed lines for any 
page. Up to nine data lines per record are permitted, with the selection of the 
number of data lines per page being a personal choice, subject to the "physical 
size of the paper. 

For specifiable cootrol breaks, summary lines can be printed for inter
mediate totals . These lines can occur anywhere on the page and there can be 
any number of them; but a nine-line output is the maximum for anyone control 
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break. Final total breaks on each report are provided for, if desired, and up to 
nine lines of printed output can be reserved for them. The number of totals per 
report should not be greater than twenty and each total should not exceed twelve 
decimal digits. Nine lines of footnotes are available for each page of output. 

Currently the report can only handle one report at a time, but we plan 
to accommodate up to four reports simultaneously as .a future revision to this 
routine. A typical report is shown in Figure 3. 

File Maintenance is currently being programmed. The following are a 
few observations on what we are presently attempting to do in this area: 

1. If the file maintenance run is fully utilized, all ten tape units will 
be required as follows: 

a. Three (3) tape units will be required for ' input. Two of these 
units will be used for the master file . They will be multi-reel 
for changing back and forth between adjacent tape units until the 
master file is exhausted. The third unit will be used for updating 
information or changes. All input files will be sequence checked. 
A redundancy test feature will also be provided. 

b. Four (4) tape units will .be provided for non-optional outputs. Two 
of these units are used for the updated master file (including a 
multi-reel change feature); one unit used for out-of-sequence change 
items which will be sorted and reprocessed, and one unit will record 
errors. The error tape will contain miskeyed and miscoded changes 
which must be correctly inserted at a later time. 

c . Three (3) tape units will accommodate optional outputs. One optional 
unit tape is a report tape on which any specific report information 
can be written. The second optional unit tape accommodates inactive 
items. Once an item is placed on inactive status and this option has 
been selected, an inactive record will be made on the separate in
active file . The third unit tape accommodates an audit trail output. 
It will show the old field prior to change, the newly inserted field 
and the key word identification of the item that has been changed. 
If the inactive and/ or audit trail file is not selected as an optional 
output for these units the tape normally used for this information 
will accommodate the multi-reel output for the report routine. 

2. At the present time this routine antiCipates performmg the following 
file maintenance functions: 

a. Deleting a master record 

b. REplaCing a master record that already exists on the file 

c. Adding a new record to the master file and changing any number 
of fields housed within a master record. 

Change items may contain any number of changes subject to the columnar 
limitation of the card, but in no case can change data for the last field correction 
he carried-over and punched on the next card. 
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In this case the field must be started on the next card. The master record 
directory and self-generated routines will be used extensively for the execution 
of the change functions that are desired. Also, for individual customer usage, 
core will be supplied for up to five hand-coded subroutines . These routines will 
be available at the completion of updating on each master record. 

A form of generalized file interrogation has been developed and is currently 
being used -- it is our selection routine. This routine selects a specific value, 
within a range, or, within a combination of ranges; on any given fields within a 
record. The selection may be made to satisfy two or more conditions (the "and-and" 
type selection) or to satisfy one of many conditions (the "either-or" type selection) . 
The program also provides an option for further processing of data after a selection 
has been made. 

Unlike some of our other routines, output must conform to input in mode 
and record length, and shall contain all of the selected records of data . A fine 
example of the usefulness of this routine can be seen in Section II of this paper. 

In most discussions on generalized programming, little is said about 
arithmetic operations than the almost terse remark "users will supply their own 
hand-coded routines to execute arithmetic functions" . We have gone a step beyond 
this and are trying somewhat to generalize BCD arithmetic. A routine is being 
tested which will do any combination of addition, subtraction, multiplication, divi
Sion, and calculation of square roots. The routine will pick up the numbers from 
any specified core location, convert them to floating-point binary and, in turn, 
will store the BCD result in any field. Admittedly, this is not a major break-through 
in generalizing arithmetic for commercial applications, but it is certainly a wel
comed improvement over what is otherwise available. 

A complete system for the processing of Air Force Contract 673 (Spare 
Parts Provisioning) has been set up and is a good example of how generalized pro
gramming can be used to good advantage. 

The main chain consists of several runs . In the first run, our change file 
will be sequence checked. If out of sequence, the out-of-sequence items will be 
sorted and merged with the change file. All of these components of the firstrun 
are generalized programs that have been discussed today. The second run is an 
indexing run that will key changes so that they are applied everywhere within the 
master file wherever the same part number is contained. This routine must be 
hand-coded; but we can make full use of the generalized merge logic and coding. 
The third run is a sort which will be generated by the Harriet Meadows I routine . 
The fourth run, the file maintenance run, is currently being generalized. The 
fifth run, the reports processor run prepares the required provisioning documents 
and is the Generalized Reports Routine . 

Out of the five runs that are components of the system, only one must be 
hand-coded, and that is generalized up to its main flow of logic . We hope that 
further prudent usage of generalized programming becomes a common situation. 
In the long run, generalized programming should more than pay for itself. 

We are already saving programming time and money through wider usage 
of what little we have generalized. Several cost improvements have been credited 
to our program and there are quite a few more pending. Streamlining of effort is 
also taking place in our system. The select routine and reports routine have been 
combined to function as one integral program to process a given file for both options 
in only one pass of data. Whenever we can accomplish it, other functions will be 
merged to save data passes. Our program will be continually improved and through 
improvement we will save even more programming time and money. 
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SECTION II 

SAMPLE PROBLEM 

The -master file, file 1, is on tape. 

The file which is to be merged with the master file is on cards. The card 
format is as follows: 

Field No. Card Column Description of Data 

1 1 Card Code 
2 2-5 PR Number - major key 

6 Blank 
3 7-13 DPC Number - intermediate key 

14 Blank 
4 15-16 Fiscal Week 
5 17-19 Time Control 
6 20 Special Control (if any) 
7 21-24 Total Time (hundredths of hours) 

25-60 Blank 
8 61-64 Error Time (hundredths of hours) 

65 Blank 
9 66-69 Checkout Time (hundredths of hours) 

70 Blank 
10 71-74 Production Time (hundreths of hours) 

75-78 Blanks 

NOTE: Minor key field (name) is blank in this file. 

The information in these cards is transferred to tape in the form of 13 
word records. The format of each record (or item) is shown on the next page. 

Word Convertor Run 

Subsequent to this run, we wished to merge file 2 with file 1 in order by 
PR* number, DPC** Number and name. The name field is not used in file 1. 
File 2 represented changes for computer component time and we wanted them to 
precede all other changes within the PR and DPC when listed. The 704 computer 
has its own codes for recognizing alphanumerics and, in normal proceSSing, a 
blank would fall between Rand S in magnitude. It was obvious that some sort of 
pseudocode was needed to modify this file so that blanks would precede all alpha
numerics in the merge that followed. 

By filling in the following forms, and having parameter cards punched 
from them, this was accomplished. File 2 was then converted into a binary 
pseudocode, merged with the binary mode master file 1. The first form describes 
what basic parameters are wanted: which pass, size of record, whether next run 
is to be in directly, the up-to-fifteen masks that are required, and which word in 

*PR - programming record 
**DPC - data processing charge 
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WORD 

I I I I I I I I I I I I 

I I I I I I I I I I I 
I I I I I I I I I I I I 

1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 11 I 12 I 13 
I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 

FIELD 1 2 3 4 5 ~ 7 8 9 10 

x xxx IXXXXXX y 0000000000000000000000000000000000 xxx I~ 11S..XX... 000 

"ITEM LAYOUT ON TAPE 

--



WORD CONVERTOR INPUT LAYOUTS (OPTIONS) 

Columns Columns 
1 - 6 7 on ~ 

1 = encode words/ read next 
OPTION 2 = decode record deck 0 = yes 

') 1'3 ) 0 1 = no 

Card 1 Mask Wor~ No. 
0000)(0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ZZZZZZ 

Omit any mask cards which are not used. 
All fields from col. 7 on should be separated by commas. 

( 
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the record they are to be used for extracting. For this application, we were pro
cessing option one on a thirteen word record and we wanted to read the merge 
immediately as a continuous process. The name started in column forty-one . 
Only one blank had to be converted to precede any other alphanumeric name be
cause the name field on the master record was completely alphabetic and, there
fore, a zero must precede any alphabetic character. The correct mask and word 
number are shown. All necessary conversions are shown in the table to be punched 
from form two. Note carefully that the blank is coded zero and that the other alpha
numerics are higher in magnitude than the blank. Decimal equivalents of the se
lected codes are in the table . 

Sort Run 

To generate the sort to sequence the second file into PR number and DPC 
number order, the statements which follow must be punched, one parameter per 
card, and in the sequence shown. Input tape number is one. Tape units two, 
three, four and five are going to be used in the sort collation passes. Since we 
want our output on either four or five, the output tape numbers are arranged in 
card number two as 4253. Input tape mode is binary because the file being sorted 
has been coded and written in binary mode by the \rord convertor. Thirteen is our 
item length and in addition, is the record length. Since we are sorting one file, 
the number of files is 1. Indication is made in the next two cards respectively 
that we want neither an input checksum, nor an output checksum. Having no sen
tinel provision on this file, sentinel in octal is shown as twelve zeros. The pro
gram is on a card deck and the run to be r ead in following this run is also on cards. 
Sense light two will be used by the run to signal whether the output is on tape unit 
four or five, depending upon light status. These keys are used in the sort: one 
key for the PR number (major key), and two for the DPC number because it takes 
up two words in core (minor key) . All keys are alphabetic (this is indicated in 
column 30 with an "A"). Beneath each punch-notation for keyword location and 
type of data is the appropriate mask for extraction. NSB in column 30 of each 
mask card is an abbreviation for no substitution for blanks. A card that reads 
END follows the last parameter card. 

After the cards are read in, the pertinent sort is generated. The deck 
punched out on line is then used to sort our second file. This file will then, in 
turn, be merged with the master file for subsequent decoding into BCD by Option 
Two of the word convertor. 

Card no. 

2 

3 

4 

5 

6 

7 

8 

Columns 
1 - 6 

TABLES 

TABLES 

TABLES 

TABLES 

TABLES 

T<\BLES 

TABLES 

TABLES 

WORD co VERTOR INPUT (CODING) 

Column 7 on --+ All fields [rom col 

0 1 2 3 4 
d- 3 '( 5 c; 

8 9 0 II @ 
10, II 0 '-10 'II 
& A B C D 
3t. 12 13 ILl, I S 
H I +0 t:T 
/1 ~o 'I~ '13 'I'f. 

- J K L M 
'IS: ~I :;:; ;}3 J, 'I, 

Q R - 0 $ * 
;}6' 2."- 'If., L{'7. 39 
blank / S T U 
0 'I ~ ;)0 3 1 3;;t 
Y Z += so % 
3~ 37 '-/9 5 1 

7 on are separated by comm as 

5 6 7 
7. 8 9 
0 0 0 
0 0 0 

E F G 
1(.. 17. II! 
0 0 0 

0 0 0 

N 0 P 
d5 ;;l4 ';)7. 

0 0 0 
0 0 0 

V W X 
33 3'-1 35 

0 0 0 
0 0 0 
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SORT PARAMETERS 

INPUT TAPE NUMBER 1 

BLANK TAPE NUMBERS 4 2 5 3 

INPUT TAPE MODE BINARY 

ITEM LENGTH 13 

RECORD LENGTH 13 

NUMBER OF FILES 1 

INPUT CHECKSUM NCS 

OUTPUT CHECKSUM NCS 

SENTINEL IN OCTAL 000000000000 

TillS PROGRAM ON CARDS 

NEXT PROGRAM FROM CARDS 

WHAT LIGHT MAY PROGRAM USE 2 

NUMBER OF KEYS 3 

KEY WORD 1 1 A 

MASK 1 007777777700 NSB 

KEY WORD 2 2 A 

MASK 2 007777777777 NSB 

KEY WORD 3 3 A 

MASK 3 770000000000 NSB 

END 

Me'rge Run 

Two files are to be merged on 3 key fields. These fields are PR number 
in columns 2-5, DPC number in columns 7-13, and Name in columns 41-50. To 
set this problem up for the merge routine, a merge parameter specification form 
is filled out as described below. 

Card 1 on this form is a Tape Failure Option card. Since we do not want 
the run to stop on a redundancy tape test failure, a zero is placed in column 7. 
Since the input has just come from the sort, no records should be out of sequence, 
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therefore no error tape would be required. Any records out of sequence would 
indicate a machine error. By placing a " zero" and a "1" separated by a comma 
on card 2, a stop will occur if there is an out-oi-sequence condition. Since the 
DPC num her starts with an alpha character in column 7, a "zero" is placed in 
column 7 of card 3. Card 4 will also have a zero in column 7, since no subrou
tines are needed. We place a -1 in the first field of card 5 (SETCRD) since the 
tape is in Binary Mode (1) and the decoder routine is to follow (-). The records 
are all 13 words in length so this number is placed in field 2. Since the merge 
is to follow a sort, a " 1" is placed in field 3. A "2" will be placed in field 4 and 
a "1" in fields 5 and 6, since we are merging two tapes having one reel each. 
The remaining fields are left blank. 

By examining the 3 key fields, it is determined that 6 masks are required. 
The PR field in columns 2-5 is the first mask. It is placed as shown in Key word 
1. Since this is the first word of the input record, a "1" is put in column 7. The 
DPC number will require two masks: one for columns 7-12 in word 2 of input and 
a second for column 13 in word 3 of input. These will be placed in Key words 2 
and 3 respectively, as shown on the form. 

The name field requires 3 masks: one for columns 41-42 in word 7 of 
input, a second for columns 43-48 in word 8 of input, and a third for columns 
49- 50 in word 9 of input. These will be placed in key words 4, 5, and 6 as shown 
on the form. The last card on the form contains a series of Z' s. These are 
used to terminate the mask cards. 

A set of cards will be punched from this form. When these are placed in 
the proper position in the merge deck the deck is ready for use. The master file 
is mounted on tape unit 6. The file coming from the sort will be on either unit 4 
or 5. The output will be on unit 2. Any tape failures will print the record on line 
and the merge will continue. Any records out of sequence will cause a stop. After 
completion of the run, the program will transfer control to the card reader which 
will read in the decoder program deck. 

Deconverter Run 

Immediately after the merge, we wished to decode the pseudocodes to their 
original BCD form . This would preserve the original characters for listing and 
\\QuId not affect the sequence of items which was correct (blanks preceding other 
alphanumerics) . Two forms have to be filled in, so that the necessary parameter 
cards can be punched. The first form is exactly the same one used in pseudocoding 
this file. Basic parameters that we again want are: which option, size of record, 
whether the next run is to be read immediately as a continuous process, masks 
required a'ld which words in the record were to be used for extracting. In this 
case, option two was required to decode a thirtee!l word record and the next run, 
the select routine was to be read immediately as a continuous process. Only 
one mask was needed as we only pseudocoded one word previously in option one. 
Here again, the mask is to extract from word seven of the record. 

The second form to be filled out is slightly different than form two of op
tion one. What we have to fill in here is the decimal equivalent ef the original 
character that the given pseudo character replaced. For example blanks were 
pseudoeoded zero, therefore in the box capped with a numeric zer~ we enter the 
decimal equivalent of a blank (60 oetally) or 48. All other substitutions shown 
were made using the same prinCiple. For every pseudocode used in option one 
a decimal entry must be made in the appropriate box. 1 
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WORD CONVERTOR INPUT LAYOUTS (OPTIONS) 

Columns Columns 
1 .- 6 7 on ,. 

1 = encode words/ read next 
OPTION 2 = decode record deck 0 = yes 

a-, 1'3} 0 1 = no 

Card 1 Mask Wor~ No. 
(1000)(0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ZZZZZZ 

Omit any mask cards which are not used. 
All fields from col. 7 on should be separated by commas. 
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WORD CONVERTOR INPUT (DECODING) 

Columns Column 7 on All fields from col. 7 on are separated by commas. 
Card no. 1 - 6 

1 TABLES 0 1 2 3 4 5 6 
L($, 0, 0 I :J 3 ~ 

2 TABLES 8 9 10 11 12 13 14 
<P, 7, Sf, 9, 17) IB, 19 

3 TABLES 16 17 18 19 20 21 22 
'I) :J:J\ d3 ~"J ~5, 33 3ltj 

4 TABLES 24 25 26 27 28 29 30 
SID, 37. 3', 3<1 'fO, LlI, 50, 

5 TABLES 32 33 34 35 36 37 38 
52, S~, s~, 55 56, 57, !C,} 

6 TABLES 40 41 42 43 44 45 46 
1/, / :J, ~c. ;;7, d8 3d 3'1, 

7 TABLES 48 49 50 51 52 53 54 
4", 58, Sf:!, "0, 0 , 0, 0, 

8 TABLES 56 57 58 59 60 61 62 
0, 0, ", 0, 0, 0, 0, 

Output in this run was written on tape unit four . Since the select routine 
requires this file on tape unit two, the operator had to be notified to dial the unit 
to two . 

Select Run 

Statement of the Problem 

TEST CPR number in columns 2-5J 

IF [Q574, Q175, Z443, Z551J THEN TEST [Time Control in columns 17-19J 

IF [704J THEN [write tapeJ OTHERWISE GO BACK TO INPUT. 

Description 

In setting up this runJ the following forms are used: one initialization card 
form and as many selection cards forms as there are fields to be tested. 

The initialization card form contains 3 parameter cards which are filled 
out in the following way: 

Card 1 (LOCATE card) In Field 1 the starting address of our generated 
select program which is 256010 01' 500080 In field 2 of the card, the first word address 
of the input data is 197910 or 36738• 

7 
5 

15 
ao 
23 
35 
31 
51 

39 
'II/ 
47 
35 
55 

0 

63 
0 
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Card 2 (TAPECD) Since the input is to come from the decoder, a 4 is placed 
for input tape unit in field 1. The action of the problem does not call for a sub
routine, so a zero is placed in field 2. A report run will follow so a 1 is placed 
in field 3. The ootput is to be on tape 7, so this number is placed in field 4. No 
other tapes are used, so a zero is placed in field 5 to end the card. 

Card 3 (the finish card) does not need to be filled in. Its identification 
in columns 1-6 is used to terminate the select generator. 

Two selection cards, one for each test in the problem, are used •. The 
first contains the information for the PR number test. Since 4 discreet values 
are to be selected, a 4 is placed in field 1. 

Fields 2, 3, and 4 have zeros because no action is to be taken here. Field 
5 also contains a zero, since it is necessary to test the next field to determine a 
selection. 

If the PR number is not found, then further testing is unnecessary. There
fore, a "1" in field 6 takes the program back to input. Fields 7, 8, 9 will contain 
zeros since no action is needed. The data being in columns 2-5 requires only 
one mask and is the first word of the input. The " 1" is placed in field 10. The 
remaining fields are left blank. 

The mask card (2) is filled in with 4 X' s in columns 2-5 and two zerOs in 
columns 1 and 6. This mask will operate on the first word of the input data 
eliminating the first and last character. 

Since the values are discreet, they are placed on the discreet value card. 
Only one card is necessary because only one mask is used. Note that zeros are 
used to fill in characters masked out by the mask. 

The second selection card sets up the test for the operation code. There 
is only one number to be tested, so a 1 is placed in field 1. No subroutine is 
needed, so a zero is placed in field 2. Since the output is to go on tape 7 and 
contain 13 words per record, these numbers are placed in fields 3 and 4 respec
tively. A one in field 5 sends the program back to input. No negative action is 
needed. 

A "1" and 3 zeros are placed in fields 6, 7, 8, and 9 respectively. The 
data being in columns 17-19 require two masks. These are in words 3 and 4. 
These numbers are placed in fields 10 and 11. The remaining fields are left 
blan 

The mask card 2 is filled in with 3 X's in columns 5, 6, and 7. The columns 
1-4 and 8-12 contain zeros. These masks will operate on the 3rd and 4th words 
of the input data eliminating the first 4 characters of word 3 and the last 5 of word 4. 

Since the value is discreet, it is 'placed on the discreet value card. Two 
cards will now be needed. The first will contain 000070, and the second 400000 
in columns 1-6 of the first two discreet value cards respectively. 

The forms are now given to a key punch operator, who punches the IBM 
cards. These cards are inserted in their proper place in the select deck. The 
program is now ready to run as part of the system. After the select has com
pleted its work, it will transfer control to the card reader to read in the report 
deck. 19 
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INITIALIZATION CARD 

Card 1 * Col. 7 on 
Col. 1-6 1 2 

LOCATE 1 ~5tDO, 1/979 
bIl s:: s:: I 0 :;::J s:: ..... 

+> H(I)+> cd • 
cd bIl C) g2 +> ..... (1) 

CIlOQj . ..... ,g 
..... s:: CIl 8 ..... 
cd 0 cd+> 

cd 8 5-8:;::J~ H 
..... cd +> bIl ..... s:: 
C) C) cd 0 C) ..... 

(I) 0 H H (I) ..... 
CI ..... (I) 0- Clo 

Card 2 * 1 2 3 4 5 

TAPECD o 

*All parameters are to be separated by commas. 

Card 3** 

FINISH 

** This card is to follow the last select sequence. 

Report Run 

A report on the total 704 computer time used for PR's Q574z Q175, Z443, 
and Z551 for fiscal week 51 is desired. Using the output from the select run 
which is on unit 7 as an input to the report generator and completing the required 
form describing the format of the report from which parameter cards to the pro
gram can be punched, the desired report will be printed on tape 8. This output 
tape is then listed on the Type 720 printer under program control. 

On the form, under Input Information, we fill in "7" for the input tape, 
"8" for the output tape, "1" for form size (we want the report printed on 14 3/4" x 11" 
paper), and "1" for page number which will put the page number in the upper right 
hand corner of the page. To determine the number of data lines per page, we must 
consider the number of title lines, footnotes and the spacing used. In the sample 
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report, we use 9 title lines (blank lines are counted) and 2 footnote lines. The 
data lines are to be Single spaced. Using a maximum of 60 lines per page, the 
number of data lines per page would be at the most 49. We will use "49" in the 
fifth block. The report shown, of course, is very brief so 49 lines were not used. 
This run does not follow a sort, so a "0" is used in block 6. In block 7, a "1" 
is used to obtain single spacing. 

To layout the format, the page headings are printed in the exact print 
p osition columns in which they are to be on the report. Each line is given an 
identification -- the first line "P1", the second "P2", etc. Two parameter c~rds 
are used for each line, print positions 1-60 are punched in the first card, and 
print positions 61-120 are punched in the second card (Line identification 
is punched in columns 61-62 of the second card). 

On the data lines, we want to print the PR number, DPC number, checkout, 
production, error and total times. We place X's in the print positions in which 
this information is to be printed. Decimal points are placed in the positions in 
which they should appear on the report. There is only one data line on this report 
for each item on tape. It carries the identification "D1". 

We want to print totals for all of the selected PR's at the end of the report. 
This will be described on a final line. Double spacing is desired before printing 
t~ final line. This is accomplished by putting "0" in print position 1 on the "Fl" 
line. 

If this report continued over several pages, we would want the footnote 
to appear at the bottom of each page. We would have a blank line after the last 
data line on each page which would be followed by the footnote. Two format lines 
are required to do this -- an "NI" line for the blank line and an "N2" line for the 
footnote. 

The end of the format lines is marked by the "FORMAT" card. 

To describe the source of data for the fields on the format lines, data 
line and total line information cards are required. There is one card prepared 
for each field on each line . Columns 1 and 2 are the same as the line identifica
tion, "D1". PR number is field 1, starting in print position 48 on the line, and 
the data is obtained from the field in the item on tape which starts in word 1, 
character 2, and extends for 4 characters . No zero elimination is desired, so 
"0" is used in field 6. 

For the final line, "F1", we must prepare cards giving the source of the 
data to be totaled. "0" is used for the control level since it does not apply on 
final lines, the "checkout time total" is field "1", the print position for the least 
significant digit is "78", and the data is to be obtained from the field in the item 
on tape which starts in word 11, character 6, and runs for 4 characters. 

After all of the source information cards, there must be an "ENDCRD". 

All of these cards are placed in the order described above after the binary 
program deck. 

The sample report follows. 
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INPUT INFORMATION 

CD COL. 1 2 3 4 5 6 7 -+ Use Commas to Separate Fields 

ID INP. OUT. FORM PAGE NO. NO. OF INP. FROM SORT SPACING 
e 

TAPE TAPE 0= SMALL 0= DON'T PRINT DATA LINES 0= NO 1 = SINGLE 
1 = LARGE 1 = PRINT PER PAGE 1 = YES 2 = DOUBLE 

REPORT 7 g, /, 
J 

I, ~~ 0, I 

OUTPUT FORMAT 
0 I 2 3 5 G I 2 3 14 5 , 

CD COL. 
12.3 5678 ole 3 5G I7 &90 12~ !S 6 II 9 0 1 213 4 G 9 I 2314 G 890 'iZI3141'1i 18 9~ 1 21-314 G789012314156 &90 IIZ3 15G11891o liZ 3 1'''-1111190 I 13 5G1890 '1!3~G1890 I t 

I t 3 5 I> 1 8 10 II I I D 
PRINT pas' l ta 56711 01 5"7890123 5 &901 5Ci 9 123 G SO l ~ 6789 12' G 8 0 I Z 6 &9012 5 7890 1 3 678901 3 56 8901 a 5 90 

PAGE. HDGS. I lL 
~ 
~ 
i'I 
1& 
~ 

III' t iT IP 0 I 17 

II 
l1 

DATA LIN. . II 

SUMMARy LllJ 

e 
FINAL LIN. . 

FOOTNOTE:S 

I 

LAST CD II AT 

SUMMARY & FINAL LINE INFORMATION 

e DATA LINE INFORMATION 

CD COL. 1.2 7----t' USE COMMAS TO SEPARATE FIELDS 

1-2 7 ~ USE COMMAS TO SEPARATE FIELDS l CD COL. 

LINE CONTROL FORMAT LAST HIGH ORDE R CHAR. NO. OF 
ID LEVEL LINE PRINT WORD CHAR . CHARACTE RS 

LINE FORMAT HIGH ORDER CHARACTER NO. OF ZERO ELIM. 
ID LINE PRINT WOlW CHAR. CHARACTERS 0 = NO 

FIELD NOS. NO. NO. IN FIELD 1 = n:s 
])/ I J 'Iff I ~ I{ 0 
')1 ~ 5'1 d / 7 0 

FIELD POS. NO. NO. IN FIE LD 
F/ 0 I, 7'6, II Go. I.( 
FI 0, ~ 9~ /~ 5 " F'/ 0 3 /07 II I 1./ 
F/ 0 ~ 1/6, Lj 3. L/ 

')1 3 7'1. I/. ~, 'I, 0 
')/ l/ 81 /fJ --5 Lj. 0 
I 5', /03 II J 1./, 0 

D/ GI /I¥. LI. 3, "I. t"\ 

1 CD COL 1 ~:DCRD 17 , 
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P~GE 
F I 5 C I=l L W E E K 5 

7 0 .. r" 0 M P U T E R U c 
-' R G E 

F 0 R S E L E C T E 0 P R I] G R I=l M R E C 0 F: 0 S 

PR NO . ope NO . CHECK OUT PRODUCT! ON ERR OF: TOTHL 
TINE T !PIE T II'1E T r ME 

Q175 6Q .1. 01 01 .3S 00.00 00 . 00 0: . 35 
Q57 4 68 . 2 00 . 66 00.00 00 . 00 00.66 
2 4 .. .3 22 .4. 01 00 . 38 01.7.7. 00.00 0 :.60 
2551 22 . 3 00 .00 00.11 00.00 00.11 

TOTt=lL 2 . 39 1.33 . 00 3 . 72 

NOTE ~LL TIMES ~RE EXPR ESSED IN HOURS. 
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~glUS Is Our Most ImporNnf 'PtotI1ICI 

GENERALe ELECTRIC 



( 

G,E, 

fsu ject: 

Fort Wayne, February 18, 1957 

OBJECTIVE: 

39 Frame Systems Project 
Wage Administration study 
Scope and Boundary Report 

The objective of this study is to outline the routines followed by the Wage 
Administration function in the assignment of rates and codes, the reporting 
of Wage information, and the evaluation of new jobs. 

BOUNDARIES : 

This study will deal with that part of the activities mentioned above which 
is accomplished by the Wage Administration personnel in the General Purpose 
Motor Department, with the exception of blanket wage adjustments and job 
evaluation. In these two areas an attempt will be made to show the entire 
process. That part which is a function of Central Wage Administration is not 
intended to be covered in a detailed study. 

EXCLUSIONS: 

(a) Activities of the Payroll Office in processing engagements and transfers 
and the preparation of reports. 

(b) Activities of the Employment Office in the engagement and transfer 
routines. 

(c) Detailed activities of the Central Wage Administration Office in connection 
wi th a blanket wage adjustment. 

(d) Analysis of fonns or files which are a part of Central Wage Administration 
exclusi vely. 

SCOPE: 

(a) Checking of rates and codes on engagement slips and section transfers. 

(b) Initiation of rate and occupational code cards and process of keeping 
these cards up to date. 

(c) Payroll report, and the information which is obtained from it. 

(d) Processing of inf'ormation for employees assigned to daywork (or 
incentive) occupations. 

(e) Changes of occupation wi thin a section. 

(f) Confirmation of pay change recommendations. 

( g) Changes from Group A to Group B. 

(h) Administration of a general increase (blanket wage adjustment). 

(i) Activities followed in making a job evaluation and initiating a new 
code and job description. 

(j) Checking average earnings cards for average earnings report. 
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LIST OF EXITS - WAGE ADMINISTRATION STUDY 

(a) Employment Office is notified, by phone, of a correction in code or rate 
on an engagement slip, made by the specialist - Wage Administration. 

(b) Engagement slip (original) is sent to the Payroll Of:fice, a:fter approval 
o:f rate. 

(c) One copy o:f the engagement slip is sent to the sub-section which is 
employing, after approval o:f rate. 

(d) Union dues deduction (stop) card is sent to Payroll Of:fice after completion. 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

(1) 

(m) 

(n) 

(0) 

(p) 

( q) 

(r) 

(s) 

(t) 

One copy of section trans:fer is sent to sub-section to which employee is 
trans:ferred after approval of rate. 

Same as ltd" above. 

Section transfer (original) is sent to Payroll O:f:fice after rate is approved. 

In:formation for employees assigned to daywork (or incentive) occupations is 
returned to section in which it originated after approval. 

Code change notice is sent to Employment Office after being checked. 

Confirmation o:f pay change (original and one copy) sent to sub-section 
involved. 

One copy confirmation of pay change is sent to Employment O:f:fice. 

All pay change recommendations and section trans:fers are sent to Payroll O:f:fice. 

Same as lid" above. 

Same as "i" above. 

Average earnings ca ds which have errors are re urned to Payroll O:f:fice 
a:fter corrp.ct entries have been penciled in. 

Average earnings cards which are correct are returned to the Payroll Of:fice 
after being checked. 

Blanket wage rate adjustment sheet (original) and all adjus"bnent slips 
are sent to the Payroll Office. 

Two copies blanket wage rate adjustment sheet are sent to each sub-section 
involved. 

One copy each blanket wage rate adjustment sheet is sent to Employment O:ffice. 

5xB card containing job descrlption is sent to sub-section where job is 
located. 
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MECHANIZED RELIABILITY DATA SYSTEl~ 

INTRODUCTION 

The scope of the Mechanized Data System described here includes information 

pretaining to the prediction of the functional capabilities of materials, processes, 

and devices (used in our products) ? extending from the raw materials used ~ through 

Vendor and ~~nufacturing processes, into performance under environmental stresses, 

and finally the operational application-flighto Because of the complexity and 

magnitude of these requirements, every effort has been made to insure consistently 

complete results which facilitate maximum integration of data results with mi nimum 

communi cation effort. 

Since presently our's is, overall, a research and development activity, 

we must deal on a day to day basis with a multitude of design changes , which have an 

impact on nearly every departmental functiono We are attempting, therefore , to use 

electronic data processing speeds to disseminate to all quarters the story of the 

current status and where possible, the forec~sted status of our products. We have, 

furthermore, installed and are implementing an effective communication network to 

supply an integration factor to the dissemination of required information to and from 

the customer, field sites and other allied facilities; utilizing this information as 

inputs into other electronic data processing systems ~hich will supply both engineering 

and management with an integrated picture of decision-making factors. 

The proper integration of Mechanized accumulated data with Space Vehicle 

development results in rapid and reliable progress because experimental and operational 

test data are available for immediate regenerative feedback, for analys i s , and for 

equipment prediction purposeso 
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l:ECHANIZED RELIABILITY DATA SYSTEM 

A Hechanized System permits a wealth of data to be accumulated, analyzed 

and processed, ~t electronic speeds, in order to provide a nureber of reports, both 

historical and annlytical in nature. It may be advantageous to indi~rte here that 

high speed computer techniques p such as those developed at M.S.V.D, ~ only permit 

timely reporting and analysis but also allo\-1s for the storage, on t-1aster ~.agnetic Tape 

files, all data generatedJ Ind thereby provides an integrated and highly versatile 

system basic to the production of a large number of other allied reports such as;the 

Missile Systems Log and establishing criteria for Scientific Spare Parts Provisioning. 

DEFINITIONS 

Since the definition of a "Mechanized Data System" has been broadly covered 

in the II Introduction ll section of this paper; it now remains for us to define IlReliabilit.y" 

while correlatine the meaning of a Mechanized ~stem. 

One accepted and simplified definition of Reliability is-"predicting hO\ol 

'.Jell a unit will operate with respect to its designed function." 

Within the scope of this definition the value of testing and the regenerative 

effect of feedback of test results cannot be too strongly emphasized. Without such 

feedback there is no reason to believe that our hundreth product will be better than 

our fiftieth-if as good. Simultaneously, without such empirical evidence we have 

little hope of predicting how well the one hundred and first product will operate, 

with any degree of confidence. To obtain this continual regenerative feedback from 

tho various testing programs into development with minimal program delay, data and 

d~ ta analysis must be accurate, complete, easily accessible and quickly available. 

To assure the aforementioned qualifications, high speed electronic equipment is being 

utilized within the ~echanized Reliability Data System. Needed data e~anating from 

'TendoI' sites, Test and Inspection operations, and field nnd flight facilities are rapidly 

D!1r l yzed anc processed on t he I ht.r. 704 high speed computer. 
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~~CHANIZED RELIABILITY DATA SYSTID1 

DEFINITIONS (CONTINUED) 

~eliability paramaters are programmed and generate significant outputs in 

t he form of Failure Rates, Mean-Time to Failure and Reliability Bounds , and are rapidly 

dissemi nated to D3sign, Y~nufacturing, P~oduction, Jesting and other pertinent 

operations \ofhich have the need to know for purposes of correcti ve and/ or other types 

of action. 

A communication link, used as a medium for the transmittal of information 

between geographically separated operations,is also fundamental to our feedback program, 

and by extension to the Mechanized Reliability Data System. The nature of the 

equipment utilized not only provides for minimizing equipment at remote locations but 

also allows for a great degree of flexibility. It will also provide for integration of 

other department of defense facilities related to our current program. Bi-lateral 

exchange of logistics, test and inspection reports and reliability data, on a real-time 

basi; provides for broad effective Management control within these operations. In 

addition, such facilities will clearly define procurement channels and will expedite 

procurement and dissemination of Y~agement data. 

New techniques in various stages of installation for purposes of rapid 

accumulation of required input include sophisticated data-logging equipment which 

automatically proffers inputs into high speed electronic data processing machinery 

wi thout the fear of "human error" elements intervening. 

PROGRAH INPUTS 

In order to predict how well a unit will operate with respect to its designed 

function the Mechanized Reliability Data System must first spell out required program 

inputs. These inputs are secured: 

(1) From various testing areas such as: Vendor sites, In-House Labs, 

Field and Flight facilities. 

(2) At various levels of test such as: cqmponent, sub-a~sembly and system. 

(3) Over various types of testing such as: qualification, acceptance, 

requalification and cycle type tests. 



MECHANIZED RELIABILITY DATA SYSTEM 

PROGRAM INPUTS 

The method used for securing the rec:uired input is divided into tl.JO Major 

CAtegories: (1) Transmission of data between geographically separated operations 

and (2) Collection of data at the Source. 

(1) The transmission of data is currently accomplished by means of a Friden 

Teledata System. This Transceiver is used on both ends of a communications circuit, 

along with telegraph lines, telephone circuits, and/or Hicrowave systems. It can be 

used to transmit and receive simulataneously (duplex) and provides a stop upon detection 

of an error. These units are designed to handle 5,6,7,or 8 channel paper tapes. In 

operation, the transmitting end loads the tape to be read and telephones the receiving 

end. The receiving end loads paper tape into the receiver on the Teledata unit. The 

tape read s\-,i tch is thrown on both ends to start the transmission. Upon detection of 

an error, a light i s illuminated. On the transmitting end, the tape is pulled back to 

the last end-of-line code (8 channel holt" only); the receiving end backs up to the same 

hole and depresses "Tape Feed" which punches delete codes into the incorrect data . 

The transmission of the line is then repeated. 

The Teledata unit is normally operated with tapes produced in Flexowriters 

as by-products of a normal typing operation. However, adding ~~chines and card to 

paper tape converters and similar equipment can also provide such tapes. 

The Transceiver provides a means of transmitting from 10 to 30 cards per 

minute over cO , 75, or 100 words per minute telegraph lines or over telephone lines. 

At present all paper tapes received over the subject link are automatically converted 

to cards(on an IBM#o47) and are then converted to Magnetic tape (on an IBM#7l4) as 

direct input to the IBM #704 computer. 
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MECHANIZED RELIABILITY DATA SYSTEM 

PROGRAM INPUTS (continued) 

(2) Source Mechanization of data has taken on the proportions of an 

Integrated Universal Component Tester. This interesting and most versatile equipment 

was designed and developed by our own M.S.V.D. equipment engineers and is primarily 

an item of quality assurance test equipment. The I.U.C.T. plays an important role 

in the rapid and reliable accumulation of data needed in Reliability predictions. 

The objective here was to develope a test system that would measure and evaluate 

product conformance to applicable specifications. The design expectations of the 

~quipment are to e~editiously and accurately stress, and measure any , or all, of 

the ~~issile end Space Vehicle Departments products from the simplest component to 

the most complex system. 

Basically, the design concept of the I.U.C.T. employs punched-tape 

programming of a complete test cycle for the component under test. 

The previous sentence is a real healthly mouthfUl and as such deserves more 

detailed analysis. 

The phrase-"test cycle" is defined as the complete and integrated control, 

distribution, and measurement of all electrical stimuli necessary to operate the 

Component under test; and the integrated control, distribution, m~asurement, analysis, 

decision capability and read-out of the resulting output voltages and/or signals. 

"Punched-tape programming" of the test cycle is defined as the capability 

to automate and integrate all of the required stimuli and outputs in such a manner 

that they are supplied, delivered, analyzed and read-out in the proper sequence, and 

at the proper time. 

A vast number of advantages are realized by the utilization of the I.U.C.T. 

Thes e Ad vantages include, but are not limited to, the followinr; 
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MECHANIZED RELIABILITY DATA SYSTEM 

PROGRAM INl)UTS (continued) 

(1) Test time is reduced- interconnection, set-up, and monitoring of test 

equipment is automated. 

(2) Operating time is pontrolled- operating time is minimzed by programmed 

operation, operating time is recorded automatically(This time is the very core of the 

Reliability program.) 

(3) Human error is eliminated- Automatic sequencing eliminates chance of 

erroneous application of signals. Automatic readout ensures valid information. 

(4) Data Processing Simplified- The punched tape record can be fed directley 

into existing IBM data processing equipment without manual transcription. 

DATA PROCESSING TECHNIQUES 

The techniques and equipment utilized in the processing of the Reliability 

Data are indicated in great detail in a manual entitled" Mechanized Reliability Data 

System". This manual was co-authored by the writer of this paper and is presently 

available in the Technical Information Series (No. R59SD325). Consequently, the 

discussion of Data Processing Techniques needed to add coherence to this paper will 

be limited to the most generalized facts. Positing the fact that the necessary 

data inputs have been collected either ~ the teledata system or source data 

mechanization system, as described previously, these data inputs are then translated to 

Magnetic tapes utilizing the IBM #714. The magnetic tapes containing the raw input 

data Are kr~n fed into the IBMW704 main frame. Here the data is introduced to the 

computer ) rogram which directs the processing of the raw input data . Sorting :mer.,;ing, 

~arizing and totalling are accomplished as per specifications established by output 

requirements. 

Also built into the computer program are such necessary features as Table 

Look-Up routines(which allow for sequence checking, checks for completeness and accuracy 

of the data} and Statistical Formulae(needed for Reliability Calculations). 
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~~CHANIZED RELIABILITY DATA SYSTEM 

PROGRAM OUTPUTS: 

The basic reports furnished within the framework of the Mechani7ed 

Relia bili ty Data S~TsteI!l include inception-to-date and monthly reports on the "Totals 

of T ::. t Ti '; , Cy cl.'s and Failures" and "Equipment Reliability Status Reports. n 

The function of t he r eport on "Tot~ls of Test Time, Cycles and Failures" 

is to give a picture of the test time accumulated, the value of the test conducted, 

and the environmental stresses to which the unit has been subjected. The number of 

failures that may have occllred at any level, and during functional and environmental 
I 

tests, are summarized and counted and then utilized to predict the units reliability. 

The format of this report presents the data necessary to predict t~e reliability of: 

(A) An individual component by individual environment. 

(B) A type of component by individual environment. 

(C) An individual component by combined environI!lents. 

(D) A type of component by combined enviror~ents. 

The function of the "Equipment Reliability Status Report" is twofold: 

(1) To indi cate the current Reliability of our products(within 50% and 95% 

confidence levels) while showing a breakdown of measured results through specific 

environments and by either ~alification or Acceptance type testing. The overall 

Reliabilit:" i s simulataneously i ndicated by taking the mean-average of the same measured 

results through all environments and over both qualification and acceptance type testing. 

(2) To predict the Reliability of our products by predicting the Failure Rates, 

Mean-Time-To- Failure, Upper Bounds through specified environmental stresses, and then 

the overall operational Reliability. 
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MECHANIZED RELIABILITY DATA SYSTEM 

CONCLUSION 

A Research ,and Development program would be unnecessary if we could put 100% 

confidence in our theories. Test requirements are designed to provide data from which 

we can judge the validity of our theories, m ke corrections if necessary, and develope 

new theories. Our data analysis is dependent primarily upon comparison of measured and 

drrivedJ.'.ta al--ainst theoretically calculated measurements for the same conditions. 

To perform such analysis, accumulated data must be accurate and in a form compatible 

for comparison with the theoretical results. For progress to be our most important 

product, as the G.E. Motto goes, data derived pertinent to the functional capabilities 

of our products must be correlated in such a way as to permit the highest degree of 

confi dence to be placed in the predictability of our products. This, in essence, is 

the ultimate objective of the Mechanized Reliability Data System. 
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....... ~-:---::.-::,_tion searching selector 

The GE 250 Information Searching Selector is a data processing sysu 
specifically designed to provide rapid inquiry and selection from 1m 
data files. 

In its simplest form, the Information Searching Selector provides: 
1. Storage of the information 
2. Storage of the search questions 
3. Means for comparing 1. and 2., detecting desired informati(J 

and recording the result 

The information file is stored on magnetic tape which provides 
a compact record with unlimited expansion. 
Search questions are stored in the memory of the Selector. 
Whenever search questions are satisfied, answers are recorded. 

Up to ten inquiries may be prepared on punched paper tape 
and entered into the Selector's main memory for simultaneous 
processing. Successive reels of magnetic tape file are searched 
at the rate of 15,000 characters per second for satisfaction 
of any or all of the ten inquiries. Each tape may 
contain six million or more characters. 

A printed text or identifying information is provided in answer 
to all selected questions and the search criteria they fulfill . If desired, 
partial satisfaction of any search question may be obtained. 

• Retrieves selected information from a large storage file 
• Permits immediate and efficient use of recorded knowledge 
• Answers questions through high-speed electronic searching 
• Correlates scattered information in complex files 
• Reduces costs of file preparation and searching 
• Simplifies updating of information with new material _ 

simplifies elimination of obsolete information. 

if you need to retrieve information quickly and economically 
from vast files of data as found in: 

Industry 
Chemicals 

Metals 
Petroleums 

Pharmaceuticals 

Government 
Patents 
Military 

Personnel 
Intelligence 

Law Enforcement 
Census 

Professions 
Law 

Medicine 
Applied Research 

Libraries 

The first GE 250 Information Searching Selector will be delivered 
to the Center for Documentation and Communications Research 
at Western Reserve University. It will be used to accelerate 
the abstracting service of a metals information center now in 
operation, as well as to facilitate further effort into other docu
mentation and library research - including language translation. 



em 
rge 

:>n, 

features of the G E 25' () 

• COMPACT 

infor:rn.ation searching selector 

• HIGH SPEED: automatically reviews and compares 15,000 characters per second 
- several thousand abstracts per minute 

• MULTIPLE SEARCH: up to TEN unrelated inquiries can be searched simultaneously 

• EXPANSIBILITY: your growing requirements can be accommodated with a wide 
variety of additional equipment: 

- additional magnetic tape units - high speed perforated 

- additional search requirement 
storage units 

tape reader 
- card reader and punch unit 
- additional buffer storage units 

- high speed card readers - high speed printer 

• SEARCH 
EFFICIENCY: can handle complicated search inquiries - provides extreme 

accuracy of retrieval 

• ECONOMICAL: designed to provide operations at low cost per unit of infonnation 

• EASY TO INSTALL • LOW POWER CONSUMPTION 

• EASE OF OPERATION • FULLY TRANSISTORIZED 



CPB·57 (5M 9·59) 

The GE ~5tJ Information Search

ing Selector can provide operational 

and cost benefits with any indexing, 

classifying or coding y tern - even 

simple English notation. Professional 

assistance will be provided for devel

oping systems and adapting well

tested procedures to assure that 

customers achieve optimum benefits 

in the shortest po ible time. 

For additional details on the GE 250 

Information Searching Selector, con

tact the General Electric Computer 

Department, Deer Valley Park, Phoe

nix, Arizona. 

G 
CoIDP ter DetlMlLrtlD4Bnt, 

IN THE CONSTRUCTION OF THE EQUIPMENT DESCRIBEO, 

GENERAl ELECTRIC COMPANY RESERVES THE RIGHT TO 

MODIFY THE DESIGN FOR REASONS OF IMPROVEO 

PERFORMANCE ANO OPERATIONAl FLEXIBILITY. 

EC RIC 
..... ..-, Arizona 
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Information gathered on the digital recorders will then be sent to the 

central processor for data reduct:on and analysis. The cen~4al processor 

will then pedorm a preliminary da.ta processing operation which will 

consist of (l~ puttinG the information bto the proper scale or calibra-

tion, (2) reorganizing t _e informatio41j first, by patient; second, by 

function and third, by time, a.."ld (3) rerecording the information onto 

each patient's current medical record file in the proper sequence. 

At this point two types of co:nputer pro~rams will be available for 

iu=t~er <::'41al~rsis of t~is data. The first'type will be :;reneral data re-: 

scarce. programs such as tirr..e trend analysis, simple, mu~tiple, ,.cross 

ana auto-correlations, response analysis, event search and tabulation 

routines, etc. The second type of pro::;ram will be more specific routines 

desig:."'.~d to answer doctors' specific c:uestions about the data and to dis -

pla.y the data for him: in a variety 0: forms. Examples oLthese more 

specific p::-ograms are (.} cumt:.lative closes of a medication shown as a 

:u41ction 0: time) (2) medication or t::- eat::lent events zhown on a time 

plot along wi~h SOr:l~ ::i clectec physiolo:::; ical variables, (3). smoothed or 

averaged or condensed series of measurements,' (4) expect~d future 

measurements based on extrapolate~ trends. Many others will be de -

fined as further experience i3 gained in use of the system. 

These routi...-les will .be so programmed th2.: the questions or requests 

mace by the docto::- or =::1edical :researcher will be phrased in English 

language sta.:e:ne:-:.:s or questions. ~o programming or computer know-

ledge w'!l be rec:t.:.i::-ed on the ;.a::'t o~ the doctor. 
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Tremendous stric!es have been Ir.:-..da in t~e last few decades in im-

proved medical care. Much of this L: ~:.e result oof newly discovered 

drugs and other treatments. .l :"C!l aleo !-las resulted from newly dis-

covered met:1.ods of collectingo and analy~ing medical information. It 

is the intention of this ctudy to con~icler the c.C:ditionalo improvements 

in medical care which can be maa.e by applying electronic techniques 

of collection, transmission, storage, . ~nalysis and C!isplay to medical 

information. The cor.:.ide::-a oio:l is here restricted to the application 

o ~ 

of these teclmiques with~ a hospital, the prime source of improved 

medical care. The u ... timate b an Elect:-onic Patient Information Con-

trol system would, at least, perform the following functions: 

An Electronic Patie:l: Information Control system would collect 

information on the patient from a nu:nber of sources: medi~al his-

tories, laboratory tests, physiological sensors attached to the patient, 

.' doctors' and nurses' observatio:ls, etc. The cystem would transmit 

this information to a central processor to be analyzed, compared with 

previous iniormation on that ?a:ie;:lt or on other sample.:. of patients 

.. ~ 
with sOimilar cohdi:ions, and comparcd with potential diagnoses hy-

pothesized by the doctor Or by tho cC:::l.tral processor itself. The re-

suIt would be b£ormation use;ul for d~aznofltic purposes °and recommen-

dation. for ac!4itional tecta or measurements. With further advances .. 
-,-
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expected in medical science the system will also be able tp test the 

effect of various treatments on a mathomatical model of the pati~nt. 

This ultimate :::;PIC system is only a few ye<l:rs away. However, it 

depends on a 'great deal of preliminary info~'mation collection and 

analysis. 

However, there :::.::-e a number of logical steps leading toward the 

ultiznate system which can themselves provide significant assistance 

to the medical professio:l. ':'he re~inder of this study is devoted to 

sugges~ing a program whkh leaG:; towa::-d -;::-:is ultimate ~ystem,in an 

orderly fashio:l. This progra::l also provides :1'.i5 growth pattern in 

such a manner that the o?eratbg cost is reducec:. sufficiently so that 

'each addition is itself economically justifiable. 

There are, 0: course, any numb~r of directions from which to ap

proach the ultimate system. It is felt that the means proposed is the 

most desirable in that it achieves ir.cu-nediate advan~ages which are 

increased as addiUons are made to the system. It is expected that 

other complementar y courses will be followed simultaneously by 

other organiza~ions. Every attempt will be made to co,?rdinate with 

such other programs so that the ultimate may be approached sooner. 

z -
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Introduction 

There arc any nu~ber of appro2..c •• es to Pu.tient Information Control 

systems. They 2..1 have ~ne sa;:ne u:~imate purpose w. ich might be ex

pressed in generc:.. !ermz as bet!cr mec.ical care. VT!'la: distinguishes 

these approaches one from anc:her is t. cir shorter term or interme-

diate objectivec anc. their ~ield of application. 

This pa..-ticular a?proc::.c:. ~:lS as its' iie :C: of application the h06pital,-

more specifically, the av~ra~e cized sho::-t term, 3eneral hospit,al. It 

has as its primary ?ur?ose " ~e irr.provc~ m c:cal care of the patients 

being trea:ed in that hospi!al. 'l'his mca:l", imp:."oved knowledge of 

'patient conc.ition, i::lprovac. c:.ua.':y of t:,·ec::.t::l~~ts and tests available, 

and i~proved control of :reatr.'lents ar.cl tests administered to the 

patient. 

This prog::-am also has a number of secondu.::-y objectives. Advances 

in the general field 0: medic.:..: !,-,-owledge is one of these. In many re

spec:s the dernonctration of feasibi!:':y established by applying this sys

tern to a hospital is in i:sel£ an advance in the art of :nedicine. In 

addition, this system can pl'ovic.e more specific advances by its abil

ity to perform measureI::lents a:;.c clc::.:a analysis of controlled tests on 

new equipment, trez.tI::lent::;, proc~dures, e~c. 

Another objective of t!-:. i:; program was improved econor.'lics of 

- 3 -



operation., :n ac!dition to the i::np:roved care aDpects, this improved 
./ 

' care must be provic!ad at no increac ~ b. o::::arating costs. Some other 

objectives ar c improved ad:-:lini3trative control of the operations of 

the hospita:, thus pe:rmittin~ better management irom a number of 

points of view. Ano£her objective is ~r.~provement6 in the flexibility 

of the hospital to adapt to chan:;e s in c:)crating param.eters such as 

increased size of the total operation or of any departr.fent within the 

" -- operation . 

In the establishment of an approach for growth of any" long range 

program, the most im?ortant single facto:r is practicability. Pr~grams 

, ' 

involvL~g the most' perfect f:1.eor~ (; s and the most ~ccepted goals have 

failed because of the impractica":::>ilitY" of sor.'1e key element. The suc-

, cessful program consider s a •• of the fc:..ctors but puts special emphasis 

on the factors wr.are prac icability is important. 

The growth pattern of an Elec::-onic Patient Information ,Control 
, ' 

system as outlined in this section pu~s great weight on the practical 

considerations. In all cases the approach uses concepts and equipment 

which are feasible today. - 0 technological breakthroughs are required 

at any point in t?e program . 

. -
A great deal of data collection anQ analysis will be required in 01'-

der to put clinical significance on each step and to ,deiine the specific 

information to be collected a:1cl a:ialy:..;:; , i:l subccq,uent steps. However, 

the sys::er.:l. has been so laid out that thoJ :lccessary analytical tools and 
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equipment. are available at each step to p~rform these functions with 

ease and accu:.-acy . 

. Anothe:- factor which has been given great consideration in the es

taF>lishment oi this grow~h patt ern is the advantage accruing to the 

user, not only as the ul~ima~e system is approached but at every step 

along the way. Such advantages are no~ restricted to improved medi

cal care bl:.t also covel" Sl:.ch mundane matters as economics and oper

ational simplicity. The growth pattern has been designed in such a 

manner that at eve:.-y step of the prograrr. the added cost of equipment 

and specially trained personnel is at least offset by the reduced cost 

of operations. 

Before proceedi.:lg with a description of this approach, it must be 

pointed out that this is a general approach to the ultimate EPIC system. 

As such it would be uncesirable to treat each and every step in the 

p:.-ogram as being fixed. Changes in number timing and sequence of 

the detailed steps must be .made as desirable and necessary. 

The genera ... plan is a three-phase ap:noach toward the l:.ltimate EPIC 

system. The fi:.-st phase includes a basic information processor and 

some elemen~ary applications, namely a Doctors' Orders Processor 

and Alarm anc Display Monitors for acutely ill patients. This first 

phase would be put into ope:.-ation as .soon as :?ossible. 

The second pha:::e cove::.-s a gradual bdldup of i.~ormation included 

- 5 -
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in the system accompanied by a parallel and e:>:panding program of data 

reduction, analysis and presentation. At the conclusion of the second 

phase, all oi the information which is generated on every patient in the 

hospital will be included in the system and will b~ subject to analysis. 

The second phase will begin after the first has been completed and is 

operating smoothly. The second phase will cpan a period of approxi-

mately three years. 

The third phase covers an advanced information processing sys~em. 

The basic information :?rocessor installed in phase one wil1 continue 

to be the centra! Wormation procec::;or with added capab;lities. ,. This 

third phase will be' bt:.ilt ar:ound analysis of co:npl.ete patient information. 

It must be rec03n:'zed that "complete" patie::lt i:lformation will be limited 

,to information gained only w:~:lc the patier_t was in that hospital. Even-

tt:.ally o-:::1.er sources of in -ormation will be factored into the system. 

(Other hospitals, private doc~ors, clinics, milita::-y service,S, etc.) 

This third p!"lase will '~ie in hictcrical :patient information with real time 

patieat information to produce alar~ a::ld action :.ignals with added c1in-

ical significance. The thi::-d phase will start shortly after the conclusion 

of the second phase , and will cont~1.!e boto the undefined future • 

-, . , . 
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Step 1 - Doctor's Orders :?roce~s:'n'$ 

Recommended 
Installation Date 

January 1963 

One of the most critical a:-eas of patient information control is con-

cerned with the carl"yin~ oct of doctors ' orders by hospital personnel. 

These orders are usual:y writte~ b:r t::c doctor for the nurse to review 

and e~pedite. A gred del of error c:.t;!::."ives from micinterpretation 

and inadequate checl-in3 of tilese orc:!e:-s. It aleo occupies a tremendous. 

amount of nursing time which cot.:.:c:! be better spent in direct patient 

care. 

The syster.-l propose;i we..::": have t .• e doctor fill oct his orders on a 

prep:rinted form wr..ic~ wo~ld be sent to a central data processing in-

stallation. The data ?l'ocessol' would then check the orders for com-

patibility witil patient co:~~ition and standL"lg instructions, and would 

issue the orders to the various· work stations (:lursine stations, diet 

kitchen, ?harmacy, labor;;:.tory, X-ray department, etc.) at·the time 

a specific ele:rne:-.t of wor:\: is requircC:. The accomplished work order 

would be returl'lcd to t:'le cC::ltr<:.:;' processor with the fact of accomplish-

ment or the reason £01' nO::l-accomplishment . 

. Such a unit can improve patient care both by more careful checking 

and recording of what t~eatmen~ the patient does and does not receive, 

and also by increa.sing tho ... :;:.:no~nt of available nU:;':Din~ time by at; much 

. . 
as 20%. The central data pl'cces!:or aleo £01"::::'8 the basic unit for pro-

cessing a:l of the additio:!lal :-:1c::1ical ir.1ormatio::l collected in later steps. 
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SprinlJ 1963 

Where the co:-.dition of a numbor of patients must be intensively moni-

tored over an e::.:!;e:lcec. pe::.-ioc c . !:i~~"le , such as in L.'"ltensive care units 

and recovery :"oo:nc, ';'.-:e:·e c::.re ~Y/O facto;.·s w: .. !.ch mc:ke it highly desir-

able to perform this functio:l with as rouC.1- automatic measurement and 

analysis as !easib e. The fil":: ~ i~cto:- is that the autorpa~ic analysis 

permits the do.::~o :" ';0 define C:a..'"lse rous ?atient conditions directly and 

have ';~ ese dangerous co::.d::ions :"epo:,,!:ed on a· completely objective 

basis. The secon -, <L'"l_ most in:?o"-:a:lt, reason is that the automatic 

,. 
device can per~ol"m t. is measurement 2-""ld analyd::; frequently or even 

continuously for long periods of time with no danger of lapses due to 

fatigue or bo:"edorn. 

The primar:r f~'"lc:ion of t!1.e alal-m monitor will be the generation 

of alarm signab which have bee:! analyzed and annunciated ip accord-

ance with the doctor I s instruct ' ons. In addition to the alal"m signals " 

records and displays are also gen~rated as required . 

Step 3 - Display Monitor Spring 1963 

In adc:tion td th.e .Alarm :,:o:litors cescribed in Step 2 there are cases, 

namely b operating rooms, where the measurements made on the pa-

tient ~~c: bo presentc • c::.::-ectly to the cioctor who will then perform 

any re~::i.ired a:lalysis !::'::1se::. The haoie purpose 0: :he Display Moni-

tor is to pr::!ser..t t11.ic huorr.lation to t:'1e doctor or team of doctors in 

- 9 
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the most readable and unde:..'sta:.dClble :ol'm. It also has the capability 

of recorc!i.1g this in£ormatio:l . 

Step 4 - D : <; i~~l Reco:.- :1 :'ng 

At the conclusion of Step 3 the hoa p ital will have an elementary 8Y8-

tem for collecting information on treatments and -::~sts made on the pa-

tient (Step 1), a basic information processor which can be readily ex-

panded (Step 1), and a system for col:~ctin3 physiolo~ical data on the 

mos t critically ill patients 1.. .. the hospit<1l (Steps 2 and 3). The next 

logical step is to pro·". : ~ a n:eans :or correlating and oth~rwise ~alyz-

ing this treatment,' test and physiological information. 

The basic information processor can pe:dorm the required analysis 

without alteration. What remains is to convert the information to the 

format required by the information processor. This is an analog to 

digital conve:rsion system operating on ::.e output of the physiological 

monitorinz equipment. _::f orrr.ation on treatments and tests performed 

is alreac.y ::1 :he p:roper fo:.-mat from Step 1. After analog to digital 

conversion all of ~he informa.t ion is assembled on magnetic tape which 

can 'be search~d, analyzed and researched as desired. 

Some of this analysis has almost immcc.iate apFlication to improved 

patient care; for example, co:rrelations between tre<:.t:nents and ph)rsio-

lozical measu:.-ements showin~ the rate ana. extent 0: response of the 

patient to thc ?articular t:.-eatment providcd. /..nother example miGht 
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be the quant~tative comparison over a period of time of measurements 

such as cardiac 0:;: respiratory arrhythmias" 

Much more of this ana ysis has mor~ general and longer term value 

to improved patient care in it!; a!)i1ity to provide additional information 

for medical researchers. :?or exan"lple, in the evaluation of a new 

drug or other treatmen: it is often desirable to make detailed obser-

vations of its effect 0:1. a m:::nber of patients. Analysis of this type of 

informatio:1. woule! aleo find l:.::'!ity in d.ete:::r::lining the clinical signifi-

cance of new types of phyz' ological sensors as calibrated again~t exist-

ing types on a number cf patients. 

Analysis of -: is data will be of most signiiicant value in fairly basic 

studies such as multiple correlations among the various measurements 

and the establishment 0: standards : or measured recovery patterns 

from different types 0: :reatments. 

Step:;' - Positive P a tient Ide:ltificatio::1 Late 1963 

Before :noceeding with any expansion of the scope of patient infor-

mation, some consolidz.:ion of t:-e, achieved gains muct be undertaken. 

The Doctor's O;.~dexs ?roccsso:;: - Step 1, has provided a means for 

the medical staff to mabt~in c~ose supervision and control over the 

ordering, C:ist:;:~oution and adcinistration cZ t;"eatments and tests. The 

remail.ing princi?al source of error which this Positive Pat! nt 

Identification' - Step 5, will alleviz.te is t~e improper identification 

, , 
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of the patient for whom the t::.-eat:ne:lt is intended by the unit personnel. 

This Positive Patient IclcntiHcation is bas'ed upon a characteristic 

arr~y or patter:l which is peculiar :0 a given patient and which can be 

recc::;nized by a simple device. Thi.:: c~aracteristic pattern will be 

print~d on the pa:ient's wrist band and on all '-York orders and treatment 

packages intended for -:::1.at patient. :Before administerin~ a treatment 

to a patient, t:'1.e pe::."son doing the administration wi 1 compare the pat-

tern on the w:'ist ~and to the pattern 0:1.' \::le work order by the use of 

this pliers-sized device. T~e device makes a verification mark pn the 

work order if ane! only if the patt erns correspond~ . 

Step 6 - Inpll'; cf Tabular In:o:-:nation-Phase I Early 1964 

The next logical step in the !p:owth of a patient information control 

system is the inc.usion and analysis of additional i:1iormation in the 

system. The first such additional infor:nation will be the f~irly simple 

report type of data such as most clinical laboratory reports. The same 

es,uipment used to collect t .. is simple tabdar data will also be used to 

add speec. and flexibility to some of the ea::.-!ier functions. In particular, 

th~ manu.al tra~scription a..'"1d mechanical transmission stages at the 

input end of the D'octor's Orders 'Processor - Step ·l - will be supplanted 

by the automatic remote input units requirea for' this step ~. 

Step 7 - Physiological Recording of ..::.11 Pat-ents Late 1964 

A second stage !:l the e,~ansion of! .. e ir..!ormation to be included in 
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The patient information control system wi:l be the coll ction of phys-

iological data from all of t~e patients i:l the hospit~l. The scope of 

physiological measurements made on all patients in a. hospital will al-

ways be less than the scope of such measurements made on critically 

i'l patients. The utility and value of such measurements to improved 

medical care is, howeve::" jus'" as ~reat. 

Mid 1965 

A great deal of the information orisin?oting in the ciinicallabora-

tor:CD is now bein~ generated by automatic kborat ory i:lztruments. 
~ 

This Labo::'a tor1 :::'l!:!:::'l:.me~t Reco::,d:n~ - Step 8, :wil: take the infor- ' 

mation cirecUy from t!1.ese instruments, rel:::.te it to the ?roper patient, 

analyze it anc. include it ;::' 3 a :lother e!e:ment of patient information. 

La'!:>oratory ... :1.st::'t.:.:nent Recording wi!.l find its greatz st value when 

applied to bborato::,iea which do analys es for other hospitals and lab-

oratories i:l add:t ion to thei::, re~ula~ wor!,. The requirement for high 

speed reporting of results is of paramount importance in this outside 

work . 

. Step 9 - !:1.put 0: Ta~u.lar Infor~:::.tion-Phase II . Mid 1965 

~-: Step 6 some of t~e relatively sL-nple elements of tabular data were 

put into the pa:tie::t L"l!o::,ma~:on cont:ool C l::>tem. Inc1uced in this second 

phase of i.::.p~t ' ~"'~ 0: t~!:>u!:::.r 2~t=- are t~. c more ~omplex elements such 

as medical histories, rest.:._ts 0_ :;!1.:rci.cal examinations, and the many 
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other types of stereotyped patient information generated within a hos -

pital. 

Step 10 - Inpu.t of Tex:u.a;' :'-. .~ ports 1966 

The final eleme:lt of !,at ient iniorma:io:l included in this growth pat -

tern ~f an, electronic patient informat ion control system is the written 

report. This w~:l cover doctors' notes, nurses' notes, operation re-

ports, anesthesia reports, labor progress 'records, case summaries, 

etc. The procea.u.l,·e in collectbg this i~forr.lation will be to receive 

the reports, usual 1 in verbal form but oft en in writing, and mant,tally 

tran'scribe it i:::to tnachbe assimilable form. Event ually, it fs ex-

pected that c:.':' _·ect voice-to-machine data transmission may be possible 

but t :'lis requires a t echnolog ical brea:c !1.rou2: which is probably some 

years away . 

St ep 1 :: - .!...Iz.';a Search a:::d !'".::t:-ieva l ?::.-og ram 1966 

At the conclusion of Step 10 - Inp~t of Textual Records, all of the 

in~or:::nation which is normally recorded about the patient is now stored 

in the necessary form for further processing and analysis. At various 
• 

points during the' process of collecting this "total" information pack- ' 

age, use has bee~ r:lade of the informat~on at hand to c.erive acditional 

specific iz:. .... ormation about a ?dient and also some general iniormation 

of value to the hO:J?i:d and to the ~nti:i,'e r.:lcdical ficld. As tho pack-
, , 

age of information pecomes more "total" the derived information on 
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a given patient can become more specific and the genel'al derived in-

formation can "have wider and ~:-eater value. However, at the same 

time this "total" i:llorma~ion package has become considerably harder 

to search, especia!ly for the gen~::a. purpose applications. Some sys-

tematic means of finding iciorr.1.ation must be utilized. 

This next step, th~ Data Search a::::d Retrieval ProKram, will provide 

such asystematic in!orma.1::'o:l £:.:1ding fraction. 

Step 12 - Elect::onic ? eco:-d S/-o ra~e 1967 

At th " , ~.. 0 ,. ... t'" in! t' h'"h ' e conc ... t:.s:on 0": .., .. e? _ , a ... _ c..: _~e pa .. en. orma lon w lC y lS 

required for a:1alys :';: ha~ been reco:-c(.,,: :":l computer format, namely 

on ma3:letic tape. :..: th:'s ?o:'::-"t two p:-o'..._ems will appear which relate 

,to the perma.:lent :::::o rag e of the pa~ie:lt i:li'ormation for medical record 

pt:.:-poses. The f::, _':; :::; that 0: storage space. It is estimated that the 

medical record ::':es of a {OJ bee :"ospital are li:cely t o increase by 

about 1000 :-eels of :-r ... azne;ic ta?e per yca:-. TYs is about the same 

volume of "storage space as i: t' e in!or~~tion had been recorded and 

stored on pa?er. ...11.:" cro:i::m" woule. be unc!esireab!'e because of the need 

for r.lachine seard.L'g t!-le rr .. edicc.l r.ecord files. 

The seco:ld prc'.Jlem is storing tno:Je docl!~ents which are of a pic-

to::rial nature. The~e inch:.e sl!c:" t:,.in3s as X-ray £:'::'~ ::::I photographs, 

legal documents requi::ing sirrr:.c::..ture s , etc . These cannot , of course .. 

be recorded. on :nan-netic ~,""")e a:-,;;:;' '\"/oul-l :1ave to be stored in their or-
~ , . 
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Step 12 - Electronic Record Stora~e will be able to solve bot:. of 

these problems by the use of thermoplastic film recording. This is a 

newly deve~o?ed recording process which ca::l record both digital and 

pictorial il"":crmation ~ith e;ctremely hieh sto:-c::.ge density. The 1000 

reels of ma~netic tape per year would. be reduced to about 5 reels of 

thermoplastic tape. This tape would be ha:.dled b. esaentic:. .. y the same 

manner as the magnetic ta)?e' but it would be able ~o include all of the 

pictorial information as w ell. -:::'le ta~ could be reread and the pic-

tor'ial data reprocluced C:1. reque:;t. 

Step 13 - Pati c=~·:: : .:c:-~:'~oring Compu:zr 1967 

In the orizina. Ala:"'m and D:' ::?la/ J.10nitors - Steps 2 and 3, a cer-

·tain amount of computir..:; 'ra:e and rhyt1:.m derivations, alarm level 

detection) was performed o:n a real ti~e b~cis using analog computing 

equipmznt. Having gained the opera:io~al c::;:)?erience w'th tl:lese basic 

ll."1its it is pos cible, at the tirr..e recc::nmended for Ste::> 13; to per::nit 

the monitoring to become more flexible. This would encompass such 

im?rove::nents as multiple alarm .evels ';hese might be Closer Super-

vision, A!~:-t, E:'-:lcr:;ency}, accele.ration of recording cycles as a func-

tion of alarm conc'E:::ions, more complex s:gnal derivatio:1.s (wave form 

analysis, p-~ interval, respi:-a:ory phase relationshi;?s) and many 

others. .:_~alo~ cO:71?uting equipmen,; wot:.Id be unsuitable for this level 

of fleAibilitv a:nc. c:om;?lexity and diai~;:.l cor .. ,,:?uting equipment would be 

in order. 
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Step 13 - Pc:.Hent :V:onitorir..:; Computer will be an on-line digital com-

puter programmed. to perform all of t~e monitoring, alarmina and com-

pu~bg elements loec:.l.:.h·ed. :-,:easu.::.-bg, displaying and recording equip-

ment inst",,: zd in S:e~s 2 and 3 wou!ci remain tL'lchanged. 

Th~ compute~ itse!: wode: be an entity. ::;eparate and distinct from 

the basic data p::ocessor. :n orde~ to improve reliz.bility of performance 

of "'h~s critic~l funct~on :..t wi 1 be possible ';0 switch the computina to 
& <:> 

the centrz.l bz.~:'c data processor in the event of any malfunction in the 

Pz.tient Iv ... or.itorin3 Compl.:.i:cr . This would, of course, hold up all other 
~ 

less urgen: "vo:::~ wl~ich wou!d normi::y be per.!or~ed b}r the central 

p~ocessor until the mor.i:or'n~ sy:::tem was put back L"lto operation .. 

Step 14 - Infor::"la::on Fee ~'".:; z.c!- :. z~ r.reen Central 
Proce~ Z 0 ~- z.nd Pat:'Z:"lt :.>:-:.:'torbr:; Computer 

1968 

At about tl. is time su:f;;'cient ir.iorma~:'on will have been collected, 

correlated, analy~ecl., etc., to be a: 1.:: ';0 :orm some ::-elatively simple 

:..utomatic li~<s between the patient rrionito~ing sy.stem and the central 

processor. For example , depending on the various types of patient 

condi:ions and t::eatn'lents, diiieren~ signals will be computed, alarm 

levels set, recording cycles ?ro3rammed, etc. 

L."l the oppos:"tQ direction, z..arm conditions detected by the monitor-

ing con:?ut~:: may cause :l:~ cent::,·z.:.proc essor to generate certain treat-

Inent respongee as pre?::ogrammed by doctors I orders, or pR.."'l1 s, or 
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hospital standin~ orders. AlGo, current condition information as de-

rived from the monitoring. compute r rna, be c.ombined with earlier in-

formation stored in the cent:.:d processor to ~enerate more complex 

alarms o·r other action signals. 

Step 15 - Diagno~tic Tool 

One of !:he n"lajor accomplishments b the approach to an ultimate 

EPIC system is t::e s·tep v/::.ich prov:'dc:; a system which can provide 

direct assiG!:ance ~o the cloc!:or in his sea'rch ·or diagnostic information. 

At about this period of time, the Dia::::noztic Tool - Step 15, . can PlJO-

vide such direct as·sistance . Some o! t: e' assis·:;i..,.Z functions which 

can be performec. are a.s follows: 

Testing Hypo!:heses . The doc:o:.: states the patient conditions required 

for his hypothecis ~""lc:. the :;?atient c~'l quick y tell him whether or not 

these conditions are present or whethor it needs more information 

about some condition. 

Suggesting Possibilities. A little closer to the ultimate system and 

requ~ring considerably Inore analysis is t~1.e ability to suggest to the 

doctor the va::-ious possible diagnoses which are present. 

Suggesting Additional Tests. Given the capability to suggest possible 

diagnoses, i; wo:..:ld require relatively ... i·:;~le ac.2.:!.:'onal work to suggest 

further te:;ts to e::':~nate or confirm corto."n of !be posoibilities. 
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•• .. -·.,It .... ·\" 



-

of possioi'i~:~o i:J ~~~.a ·::::tClblis!ll~:~nt c_ proba.bilities of each sU~3eB-

tion bazed on eenc:"d i.."lcide:lce ~nc t:~o parti~uh:,r condition present. 

" 
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FUN C T ION A L D :~ S C . I P '! ION 

!ntrodt:ction 

This section covers a description of the i;unctions to be performed 

in Steps 1, 2, 2 a:.':: { of the G::-owt! :?a~tern of an EPIC system as des

cribed in the previous sec~ion. These steps cover the Basic Information 

Processor, Doctors' Orders Processor, Alarr.1. Monitors and Displp.y 

Monitors. 

Step 1 - Basic I:::formc:.: : :):-. :?::-oces so:" 

The principal ft:nc: 'o:1 to :;0 ?zrfo:-mcc by an' EPIC system is +nfor-

mation Cor.:ro .... 0:- :::.!or:-.-: ... : .. ~ion ?roces sinz. While some of this Informa-

tion Control is pzrformed at ;:e~ote locations, such as at the ·Alarm and 

Display Monitors, a large and rapidly increasbg share of it will be 

pe:riormed a the central proces sing installation. The initial applica 

tion on this Basic P:-ocessor will be Doctors' Orders Proce~sing, but 

as the scope of the system expands, additional In!'ormation Control 

Functic:ls , as ot:tlined in ~ .e Grow::" ?attcrn, will be added to the work 

load of the Basic Processor. 

The Basic Information Processor is built around a large scale general 

pu:-pose digital computer , specifically the GE22S, whicn has found such 

wide application L. banking a nd in performing engineering calculations. 

The GZ22S in!orrna.:io:1 processor haa been particularly c~ signed for 

installations wi:n. charac~zris~ics sim:'lar to the planned EPIC system; 

the..: is, it has ~ac;;-. ":_:Ji~ned :0:- a wide varie ty of input and output 
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equipmen~ and it has been' desi~ned to be expandable without modifica-

tion, 

For example, the \.:nit can accept in!,ut do.ta from punched cards, 

punched paper tape, key'!Joarc.s, :?ri::1tcd r.:l::.znetic 'character::; and rn.z.g-

n~tic tapes. It can put inforr.;.ation out in the form of pll.'"lchcd cards, 

punched pap'::l' tape, hiSh speed printed ior~s, typewTiter paGes and 

magnetic tapes. The star.c::.rC: rr.~Ir.or:r of the covice is high ac~ess 

speed mc:.~netic cores to whic:'l can be added magnetic tape, random 

access magnetic discs, and ,"c. :::' i~iona! magnetic cores. 

~ 

The specific GE225 dat::. proces ~inG cy::::cm w:1.ich will be used as 

'~he Basic Information P:'ocessor o. :.e .J.anned :;P:C system will con-

sist cf a medium size memory central processor, magnetic tape units 

for additional memory, pU!'lc:.cd card L'"lput and output equipment and 

a high speed pzoi."rte r, 

Doctors r O:-d€!:: s Processor 

Al of the medica! care provided to patients in hospitc:.ls is the re-

sult of specific orders wri~:en for each patient by a doctor" The quality 

of medical care provided by a hosp~~::.l is lar~ely a £unc:~on of the qual-

ity of the::::e coctors' orders and the completeness and accuracy with which 

they are accomplished h, the ~ospita1 staff. 

The accomplish::.:lent of tl1.c:'r orders is a te~m l\.:.'"lction ca:.-ried out 

by, t='e entire hocpital staff, :;'u~ t:1.C ultimate responsibility for ensuring 
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that these. orders a:::e carr:'ed out completely, accurately, on the pro-

per patient, at the proper time, etc., belongs to the head nurse on each 

nursing unit. It is she who mus~ che c:- the original order as written 

by the doctor, request the necessary suppo:."t, both material and !unc-

tional, from the other cepartments of the hospital, supervi:le the ac-

co:mp.isnment or these orders on the pa :'ant with dalivel"Y of the patient 

to the department performinG this function, and finally check on and 

:::ecol"d the proper acco:-."l.p:.shme:lt of each and eV,ery order. The Doc .. 

tors' Orders Processo_, as pl~:lned in -::~:3 E:!?IC system, will relieve 

the nurse of sorr:.e of the ~ore rou~be 0: these functions, it will pro-

. ~ 

vic:.e her with close sUI>:?ort in t~e p~r:':vrI'!'..an.ce 0: t~e others, and it 

will ?rovic.a an addc ':: s~:;:~ /' ?recz.t.:.tion on all of these functions. 

The o?el'a~io:l 0: t ::'e ::)cctors' 0:;'-<:: _':"5 Processor is shown on the 

chart. The ori::~~!.· orc.c:: wiI!. be fi!':' e ': c~~ by the cocto:: on a printed 

for:n. This wi.: t~en be sez:~ to the ce~.::;::a!. :,:>rocessor bY' p:l~u..'"natic 

tube. Tile addit~on of :"e.-note :.:. .... ?~t c~~'.;:c:n.s in Step 6 wi!l ·perr.:! '; t this 

infol'oation to be p,ut clh-ectl/ i..~to the ::;:r3~em. wit!l.out the use of pneu-

matic tt.:.bes. At the central proces:;ol' the ori~ina.. order io first com-

paree: with hospita standing orc.ers .and known pa~ien~ condition to de-

termine compatibil'ty. Any dccrepancies will be re!erred to the 

ordering phys' cian for rechec:d.."lg. 

Aiter this step the order '\"IiL be put into the oain portion of the sys-

teln. The main out:,:>ut. will ... c WOl'."- orcicrs for specific functions to be 
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CO MPO NE NTS O)! n ASIC IN J! on, UA T 10 P PRO CESSOlt. 
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internc.:.l memory, cOlnplctely colid st, .te cirr' t:ry. 
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A toma tic illtcn·l ~.I?1: ti.n5.': (I 

Card l"c:.:l:: and contro'.. (~OO C ,'::" 

Card punch contr olle ..: . 

Six rnagn-'Hc tape hanc.11 01"iJ . InfOrll1ation trans!~ r l'. tc 15 , 000 characters per scco..ld. 

. Magnetic tape control. 

Control ~l',d printc:l' (900 twelve inch lines p-.,.' Llim t e 0 .• ::.~,A.::lJ speed). 

Three keypunch. .. 
548 . Interpreter (card printe r ) 
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carried Ol+t on a specific patient at a specific time. The process,or 

,will prepare these orders, send them to the proper actior.. location 

(nursing .station, pharmacy, diet ldtchen, laboratory, etc.) shortly 

before the action is roC!,uired. Upon completion of the required action 

the work order wi:l be marked as bcin~ accomplished and returned 

to the central p:,oces~or. Report:; will be prepared periodically list -

ing work accompli shed ar..d remaini:13 to be accomplished. 

In addition to the work orcers , ot .e:::- :.-cports, listings and schedules 

will be prepared. such as C:a:ly wo:::-.' ::;~hedu es, appointment schedules, 

patient treatment sumr.a::..::ies , etc. .l~_l:.;o, or.. recei?t of each report of 
,. 

a treatment 0;" ~est completed, tha: fact can be released to the billing 

and other business f\.:.::lctions for pricing, billin'g, insurance breakdowns, 

inventory control, etc. 

Step 2 - Alarr::1. : .:cr..~:'ors 

The pri:nary p~:::-pose of the syste::-: i .::; to activate ann~citors which 

alert nl!~~:'::lg personnel so that immec:ate and specific corrective care 

can be given the "G.1z..rr::1.ec!" patient. In addition, displays and records 

are gene:rated by the equipments to aid the docto:.- in his diagnosis and 

provide data for patients' records and medical research studies • 

Three types of equipment lor three areas of the hospital will be fitted 

with this equi!'me::l:. T~2y are a large unit (17 to 25 beds) for intensive 

case-recoverr roo=:ns, a '::~c;:aium 3izcd unit 1(3 Dec..:;. for l:.se on a portion 

of an otherwise stanaa:::-G. nursi::1g unit, ana a s~31e bed Inobile unit for 
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use in the .obstetrical suite or in any bec. in the hospital. 

A number of sensors (8 in t~ c la-rge and medium units and 6 in the 

portable unit) cn.n be attn.chl!d to ~he p:lticnto: The oiCn<l10 from these 

sensors are a:np1i~i.:::c.. to:) a sta:lc.:.rc.: :cvel for oystem use. Additional 

observations 3.:'e performed on soma oi t .. ese signals resulting in derived 

iu...""lctions such as rates, :::':'T::!1mS, vol'-:::1es and peak magnitudcs. These 

sensors plus ce:-ivec =:.:;na1s to~:1 13 {"-mct:'ons :?er :n.tient for the large 

and medium \:.:lits. a:-:.d 1 func:ic:1s ~or t1:c cb::>3 bed mobile ~""lit. 

'..11 of tbese i -nc::'ons are carried ~'l ::;oparate wires to the required 

~ 

points of tee c: ntem. "':1 of t.:-:.cse :ineG :t:...""lC~· ons) are alarmed by in-

diviC:ual Circuit::y which inclu':!ez an annunciator light, key operated 

hi~h and. low ala::=:-l sett:n3 dic:..ls, and key o:?crated ~larm reset. 

A.=l automatic t;:Jewr:'t~r a:z.rm recorder will :,rovidc a typed copy 

The nurse will be requi::ed ~o r.""lant: .:.Ly enter hor icientification and cor-

:-ective actio!} ta:-~n. AX1 ec.3e punch card :-eader may be used for this 

purpose. 

For the la:-ge anC: medium s' ~eci u::-..ita , an additional record asso-

ciated wi h the alarm events is that produced by the "fastlJ analog re-

corder (osci1loZ:-<:'?~). An alarm aS30ciated with either EKG or 1'e9-

piratio:1 \-1':'11 initiate a sbort :-0:-:':)\.0 of recording of the EKG or respira-

tion wave shape . By the opt:c:::.a.: addi'don of ~ temporary signal delay 
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unit, the ~ignal for a ahort period :- ,,:ovious to the alarm can a190 be 

recorded. Suc. a IIfast ll analog recording will be useful in determin .. 

ing the cause 0: ';ho alarm. 

1-11 0" i~e functio:ls m~l a' so be :;raphically recorded. T. e data 

Do.mp1ed and rate of sarn?E::'lG would ;;'c selected :,y the r..urae per doc-

tor's inst~uctions. 1:.. ~:(ven chal't coula be removed and examined by 

the coctor to c~-::ern:::~c ?atient con .... i:ion trends for the previous eight 

hours wit:"lout interru?t::lJ :1'1e plot .::~.:; of 'the other patient charts. These 

charts would 1a:er be i:::' _c. in te e !=l:lt ien't'3 ,!ile. 

The sa:ne "l:..."lctio~s w~ic .. ~::c .:;:.~=, :~::ic .... :::r recorded in the large ar..d 

mediu:n siz .:: t:..: ~tp w:.1 a::Jo bc cli.:;:ti::c ,- ~~d numerically recorded on 

tape, a:on.; wi :. patie:lt a :l2 :\:_"~:ion coae information. This data is 

thus availc..b .. e for ~:::ldysi:J by t:-:.e com:~mter ~d ct..:.~rent feedback to 

the doctor ~or bette:- p .:.:ient care. .'.:'00, !~ serves as a readily search-

able data ::; ';0:-a3e for medical resea~ch s-::udies, etc. This will be des-

cribec in more deta :'l in Step 4 of tL is study. 

The large ar..d medium sized units have displays available on their 

respective centrd co!:soles and o~ a portable unit. The large unit has 

C:isplays also in'a doctor':; anteroom. L selector switch for each dis-

.. ., 'II ' 't t " j , d ~ t' p .. z..y aeVlce w:.. cO:l..~ec ; 1 0 t.1~ aC::;lro ... unc.lon. Oscilloscopeo and 

meters are at ::.!i 10c:J.~:'ono. 2cs?ira:ion sound cpeakers arc at central 

conDole a.. .. c! d.octor' 0 an;e:.-com. The doc~or IS anteroom is also equipped 
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The functi,on ,of this equipment is to provide data on the c ondition of 

t:.~ patient to t!':e operating team. Th1:: in a.ccompli ~:':c.cl. by a system 

of sensors attached ';0 ";::"e !'z,ticn'; ana by :In organi~ed display ... :..nel. 

As such its intenc.cc. uca:c b b a : Jur room operating complex serviced 

by a single ce:dral cO:ltro1 room, and also in a o~ngle operating r oom or 

delivery room. Addi't:ona1 ou~pu '!:::l of :he equip:ne:l: include "fast" and' 

record ar .. .:! nu::nerical record::! cuit"'bl~ ao b:?u.t i.:::.:ormation into the 

data p,roc,csso~. The~e <:re no c:.lar:n :u..'"lc::cns as soci~ted with this 

equi?ment. 

In order to keep the operating roo::-.:1 as unc:uttered as possible. only 

, ' 

sensors a:Lld "clean" dis?l ays are located within the operating room. 

An ovel"neac cr,ane ,will be ubeci to locate the equipment in the desired 

position (inclu2:.ng hci:;htJ. The displays will consist of (1) a 4 channel 

oscilloscope. (2) six 3 di::;it numerical displG4Y chann,e~B and (3) a TV 

monitor for repeating information ~70m the osci lographs and strip 

chart recorC:er at the centro:::.:' console. There is one portabl.e TV moni -

to:r (larze scree:'l) that can be ceiling mounted in any operating room to 

provide extra display c:;.pabiliHea. 

The c!esign intention is to locate all equipment not directly c on cerned 

with patient se:r-_t.:>:- S and display at, t.10 ce::lt~.al cO:ltrol console . This 

reduce~ the b~<: in :he operati:lg roo::1 £01' clea~:iness and cafety. places 
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.- , .) 



- i 1 

1 OF 4 OPJi;RAr.lING ROOl\~S 

7/// ~/////////////////~ ///////1'//////// :////// 

.' 

CENTRAL CO TROL ROO i.1 

,--y-----
/. 

COI"T ~OL 

___ _____ ._ r -An~06·· t'., D~gi;~l 

-_--r-_-·· ~ . ') ~ I Converter 
~y---

4-6 Channel ~t' 

2-4 Channd ~-.---- ] 
2 TV ] scilloscopc s pat!~:~ :::;;c-

camcras_ Operative 
Pr.Qccc.!.!.'2~ Data 

t 
~, Strip Chart 

Recorders .. 2-6 Channel 
Numeric 

Data 

:DISPLAY MONITORING FUNCTION 

Digital Tape 
Recorder 

TO DATA PROCESSOR 



{- " ': , , ,J f 

--,--.---r-.... .....--~----- .... -_-__ r,.. -- ..... I'~...........-•• _ .. __ ._--~_ ....... - ____ _ .~ ... r~ 

. .. ' 
~ '.' ..... .: l ' . ~ ...... 

... 

" , 

- i 

I 

I 
I 

I 
I · 

~ ___ ... _._fti, .. 1io_~......J...:... ....... -... .... _.,.,..1 . ...... ...-.._~_~_._..:.I~_..-:..-....~..- __ .. _____ ~_~-----.....4._t. 

" 

I . 
I ~ 



1 
r 

------ ~---, . 
0

0 

- -.. 
--~ 0-

- 0::.-

- .: .. 

... 

r~ 

''J..(6; 
_ ------1. -_ . 



1 r' 

I 
I ' 

I 
I 

( 

i' J ". 

'-. 

". 

.... =--

,J 

-... ~--..... , . 
-.t.. 

• ~!, ;'. 

\ ". 

L ..... ~- .. -

," 

" .. 

... 

r 

.j 

i 
I 

".."; 1 

, II ' ~ 

, 

I 

" -Ii, 

I; 
I 

.• j 
-~~ I -, . 

I., ... 

iif)' 

---.~.--~------~ 



equipment. that requires servidr..::; ~:n.per loading, adjustment, initial 

fU::1.ctio:1 set~p, etc.) ou~cide the opc:·o..ting room, and is more economi-

cal of personnel and eqUipment. UGe 0: closed circuit TV make this 

practical. 

The ~eco~cls procuced by t:l.a strip c::2..rt recorders and oscillographs 

will be avai able fo r future anal:-:; is a:-.d !?atients I records files. Also, 

all the. inforr::.a'~:o:: prcser..t~d on the :1urnc:.-ical C::sr,>lay panels are di-

gitally recc:.- cl d 0 ::1. tape alo:.l:; wi .. :,. paticnt, function and operative pro~ 

cedure i:-Liormation. :'l1io digital tape fHe w ill serve as an input sourc.e 

to the C2..~a. p:.-ocessor. This operation is described in Step 4 of this 
~ 

study. 

T!-... e :;::1~le o?era!ing rOOIn eC?.':.:!?men~ is functionally the same as 

that for the mu!:iple ,operating room complex. Since it is designed 

for only ori.~· room, the use of closed circuit TV techniques are not a .s 

attractive and are not used. Instead, the c.onsole will be located adja-

cent. to the ·operating rbom BO that records can be viewed through a 

w i... .. d ow. 

Step 4 - Did:~l Recordin~ of Physioloty5.ca ;' .. easurements 

As noted prcviously, i :-u:c rmation which has been utilized in the moni- .. 

toring systems will also be collected and recol'ded in a form in which 

it cou::: b e searchecl., reorganized a... .. d a::.~lyzed by the information pro-

cessor. The cqui?me:lt used to implement this st~p consists of collec -

tors. analoe-tc-di3ital converte::."s, and diaital recorcic rs. . luch of 

- 30 .. 
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this equipPlent w~ll be included in the central monitorbg consoles and 

it will thuG be clesira,:. le to inc ~~ll this equipment with the original con -
., 

sole. 

, 
The information thus recorded will go to the central processor which 

Y,,:ill perform some preliminary rcorga:"l.ization to collect thio in'forma-

tion by patient, by £lmc~ion and by ~ime of measurement. At this point 

the inform.ation is ready for detaUed study and analysis by the medical 

staff. 

There is an infinite varioty of Uses to which the hospital may p~t this 

information. Some of the classific<;l.tions of these uses are as foHows: 

Field of _~ry""" i cation. Some of the analyzed information may r·e.-

late c.irectly back to the patie~lt, such as response to tr~atment. 

I . 

Some may relate to the clinical operations of the hospital, such as 

the number of cases of fibrillation alarms following certain treat-

ments. Some may have genel'al application to ge~eral · medical science 

in controlled experiments, such as .the response of patient~ with and 

without certain treatments • 

Scope of Anal"si s . Occasionally the information may involve . 

only a sin::;l~ variable. For example, . trends in heart arrhythmia 

over a period of time. More often, the information wn: relate two 

or more variables such as the response to a particular treatment 
. ' . 

as a ilmction of time, or the correlation of one variable as a £unc-

tio:"l. of another: A third type of analysis will be a mUltiple 
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correlation of variable s to probe causes and effects. 

Purnose of _nalysi s . In many cases the analysis will simply be 

to test hypotheses or, to look at Dome difficult information from an

other dimension. In other cases the analysia will be more specific. 

such as the es tablishmen~ o! sta:i:.G':"::-~~ for the operation of the equip

m~nt itself, for the Use of other tl·a~tments or equipment. or for 

comparison with future tests plan4ed on the patient him,self. .A."lother 

purpose will be to test specific new d:-u3s or treatments. or equip-

ment in cont:-ollac. tests . 

I 

- 32 -



.' 

.-
Part 4 

SYSTEM D~S CRIPTI O N 

~ .' 

r 

... 

-----:- - ..-r' ........... - "'--;--t- - -.I'" 



s Y S T :': :.1 D sse r.. I P T ION 

The fo:;:e~o:r:.g sectio::lS have described in general terms the Growth 

Pattern 0: an EPIC ' syotem and have ziven a functional description of 

Steps 1, 2, 3 a::ld <: in tl::3 Growth Pat~ern. This section will describe 

in r.lo:;:e !;?~cific terms the equipment p:::'ocedures necessary to imple-

ment Stops 1, Z, 3 and 4 of an E~IC system • 
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Step 1 - Basic Data Proce s sor and Doctorsl Orders Processor 

In the following paragraphs Step 1 01 a Patient Information Control 

system is broken down into functional subsystems. These. are not sep,-

arately performed operations b ut form a continuous equipment run • 

Input Processing Subsystem (1.) 

Printed forms :or Doctors l Orders, admissions office, etc., would 

be designed to facilitate keypunching. Adjacent to each description would 

be code numbers and blank spaces 10r indicating check marks, quantity, 

time or other notation. To mini:nize ca=d preparation, only the codes 

and writter:.. data. would be punched. T:1.~ =e would be no effort to segre-

gate the various types 01 input aata ,in the GE225 system. In fact, cer-

tam of the' input cards would be those previously produced by the compu-

ter. (These were the cards sent to execute a Doctorls order, returned 

with verification or c,.:?lanatory information written thereon for punch-

ing and re-entry into the computer. ) 

With a batch of cards in the Card Reader and Central Processor 

Switches set to execute the Input Processing Subsystem Program, the 

equipment would be started and perform the following operations auto-

matically: 

The computer would brine in card contents, would edit the input, 

compare against hospital regulationo, extract data from the computer 

master file, ' do necessary comparisons and store the transaction at 

the end of the ot~er ent:-ies on a magIl:etic tape. 
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Any ,discrepancy during comparicons would cause a typeout of the 

inpu; entry with explanatory note 'for transmission to the originator 

for his reconoideration. 

For visual verification purposes, the hiZh speed printer would 

produce a full readable printout of the input card contents and not 

jus~ a duplication of codes. 

Cards needed for laboratories, :~ 'tchen, pharmacy, etc., to exe-

cute a Doctor's order w:thin the "current time period" (Z hours or 

as de.:'n ed) would be automatically punched. Orders that are to be 

repeated in future time periods ~ould be stored on a magnetic tape 

for later use. (See Subsystem B.) 

Card pu...'"'lc: in~ would be translated into readable card printing by the 

#548 Interp ·-eter beiore transmission to the "Action" station. High-

speed printer listings would be used to sight verify against o:t'iginal 

forms. 

Perio~ ic Order Schedul es Su.bsystem (B) 

At a sp~cifiec! time prior to each "standard time period~"transaction 

contents on magnetic tape would be processed through the computer and 

those entries scheduled for the desired time period would be automatically 

arranged as described below. 

RecorC:~ wou.ld be arran~ed cnro:lologically for each nursing center 

anc a prL'"'ltout of the' dc::..ta would be 'T)rocl:.ced. - - (This would give each 

- 35 -
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R
' 'd 't' 
econsl. era l.on 

O ' '0 1 I 
#1 ! #2 ' #3 I #4 #5 " #6 

CENTRAL PROCESSOR 
MAG. TAPE CONTROLLER 
CARD PUNOi CONTROLLER 

cxmING ON 
FORMS PillS 
WRITTEN DATA 
PUNCHED. 

1/24 ICB):'PUNQI 
I 

I V 

1 RE~~R I 

I 

II of Questionable 

I I Input by I
! HIGH SPEED I 

PRINTER I . i Sight Verification 
Originator I 

1 1--*------ ' , L _/ Agains..!.-I~~ ~0E!J 
1 ___ - ---4..- ___ -- __ I 

* Certain carG~ previous ~y punched by GB225 for a 
DoctQr~' order ffi~y ac~i . be processed t~rough 
after ~unc ing verification or explan ~ory data . 

... 



. nu:."sin3 center a listing of t.le prescrih- d orders for their patients. ) 

Records would taen he rearranGe d. !:>y "action" addresses (such 

as "Central Pharmacy", "Diet Ii 3", etc.) and secondarily arranged 

chronologically and by type 0 ... service. A listing for each "action" 

address woul-.. be p:-oc1uccd and a total for each "type of service" 

gex;.erated at the bot!:om. 

In addition, punched cardD wOl.:.!d ~e produced for each "action" 

ao.C:ressee to be u!;:ed as t!le o:!"ic:d wo:-~- ing document and would 

accompany medicines, diet, etc. t and as ::'esi:-ed have blank spaces 

to recorc. nurse:::; or ::.c ';ion ad2. es::; c.:: I s verification of actucll acoom-

plishment or reason £0'; nonaccomplishment. Such returned cards 

and not the original order wolild be the basis for billing. 

?at:.e:l~ !...og Su"!:>s vste::.:: (C) 

Processi::g of this subsyste~1. would be sC:1.eduled for ear~y morning, 

st:c:1. as for 5 A: r. The transaction file on magnetic tape would be auto-

matical.y arranged i::lto chronological order by patient ~umber.. It would 

be p:-inted out to give a log of the previous 24 hours and the prescribed 

events for the coming 24 hours. The printouts for each patient would 

be distributed to the nursing stations. 

A "historical" tape file would be mounted and the elapsed entries 

would be transferred to it with t~e pro~ram deleting data deemed non-

essential. The prescri!:>ed future entries would be retained for use. 
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Accounts Receiv;::. L'J (D) 

Periodically financial transaction,::; 0:1 the transactions tape are auto-

matically posted ~o tn.e Accounts Receivable tape and desired printouts 

obtained on a schec.lle on Dhort notice b<lsis. 

Payroll Sub s y stem {Z 

p =,-:rc:.ble Subsystem (F) 

At specific tL."lcS C.Ul°in~ t::e nia1-:.t, t::'ese Bubo/stema would be run 

using patie:-.~ transactions and master data stored i.:l. tape. 

Othc :;::, !=>roiccts ( ) 

O ~:l.e r ?~o:;:;:amo E:hould be developed • y Hospital Data Processing per-

sonnel afte_ opera~ional date of January 1, 1963. 

The followID3 chart 9utn.--narizes the planned equipment placement 

,~ 

for the alarm monitoring system., 

Standard senso:;::'s are those which are built in and permanently assigned 

to the various system signal channels. The special sensors are select-

'able by plugGing the desired sensor and associated amplifier into any 

of the available "special" system channels. Derived functions are those 

c~tained by analoz computation on the basic function. This will involve 

ope:..oationo [i " ch a.s loni and !.,j~lC ' ·;; t rm into,:-aUon, ratio tal~lni. peak 

. evel' detectbz, vol~ze clampiLs, etc. 
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ALAR M MONITOItII - G 
(SUM11A) _ Y C hART) 

f-_~FUNCTION 
Direc 
Sencor Derh 

-, --1--=====';==:R==E=·-=::C~O::::R-:=:D=I.;-:)-=- '--=-.- :'==D=IS=P=J...=.AY~-D .:., 

A. Fast Analo;:; Each device has a 
B. Slow An<:'.log I function selector 

ALARMED C. Di~ital switch as!:; ocidcd 
I FUNCTI01'~ D. Alarm _~ ____ u.-:-.w_ith it. 

------
, 17 8 1 117 8 1 n 8 1 

Func·jr'.~ F\ ... ~t i ollS Ded li edlBed ned B c d r.~d Red Bcd Bcd 
-- - •. -:-- .. .-. k 

TAND U'i) ------... -
1. E KG (\'fave Sl::l.pe) 
2. H <;~rt P 2te 
3. I : :\rt ~hythm 
4. R-Wavc r en~th 

5. ResI'i~ . (' .. ave Sha 0) 
6. Respir. (i .,t;! ) 
7. R·~spir. (Rhythm) 
8. R espir. (Volume) 
9. Te.-npr~ ... ·a u .... e 

10. Sys~l)lic j .lood Pressure 
11. Dia~ to~i-; Blood PrC:3!>ure 
12. Labor Contractions 
13. Respi:c . Sound 

OPTION1; T~ 

X 

X 

X 
X 
X 
X 
X 

14. Hemorrhage X 
15. Blood O x ygen X 
16. P eripheral Circ. X 
17. Drip Flow X 
18. Patient I1-otion X 
19. pH X 

Etc. 

f 
Functions/Bed 
Functions /Ward 

x 
X 
X 

x 
X 
X 

X 

x. 

x 
X 
X 
X 
X 
X 

1·3 
221 

x 
X 

x 
X 
-X 
X 

x 

A A 
X BCD BCD 
X BCD BCD 
X BCD BCD 

A A 
X BCD nCD 
X BCD BCD 
X BCD BCD 
X BCD BCD 
X' BCD DC) 
X BCD BCD 
X 

13 11 
104 11 

G> 
v ..... 
II! 
G> 
P. 
L1 

c~ 



The blood pressure sensor will be a mechanized arm cuif. The opez:-

ation of this cuff will be automatic .. and the programmed' inflation and de-

£lation cycle will be initiated at the desired intervals by feedback control 

from the central console. 

Connection of the sensors to the patient will be made by a single 

cable .harness that branches out to the various sensors. The harness 

will contain electrical and pneumatic power lines as well as signal lines'. 

Sensor amplifiers are located in a wal~ unit at the head of the bed. Each 

sensor signal {2 to 10 volts} is transmitted by a separate wire to the 

central console. 
,. 

For the 17 bed (expan 'able to 25) unit there will be a total of: 

25 beds x 13 functions /bed .. 325 

individual alarm sub'panels on the central console. Front mounted items 

on these ;>ane.s will consist of an alarm annunciator light; concentric 

high and low alarm level set potentiometers with knobs calibrated in 

terms of the function, 1. e., mmHg; and a three position toggle switch 

used to select the desired "slow" analog and digital recorder sampling 

rates of none, 5 or 30 minutes per sample. In addition to the alarm 

and switching circui: .. , the computational and clamping circuit's need " 

for the derived' functions are located in the chassis immediately behind 

. . 
the subpanel. These various alarm c hassis will be pluggable and arranged 

in groups 0: :3 per bed. A key operated glass door will be hinged in 

front of these panels as a guard against tampering. The 8 bed intensive 
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care unit '?Iill be functionally identical with the exception that: 
I, 

8 bed x 13 fun ction/bed = 104 ., 

alarm subpanc" s will be inch:d::: C: . For the single bed or obstetrical 

ward I.:.nit t: . .:! :'·e will be provisions for 11 alarm subpanels. In addition, 

there wi.l be a sb::; ... e COI':'lmon alarm light located outside the door of 

the obstetric ward. 

The II slow" analog recorders for the ~ 7 and 8 bed unit will consist 

of built in X-Y reco:-der s with coded type (per function) for ,plotting the 

functio. s versus t ime 0:1 a s eparc:.:a 8- 1: /2 x 11 inch sheets for each 

patient. Special grap:'l paper, calib r a ted in time (0 to 8 hours), versus ,. 
the various parameters } L ,e., mmHg, will be use ". Previous to load-

ing into :he reco:::- ":'",r, the patient ident ification informa tion and date will 

be entered on to the paper. Th ese curve sheets will b e manually loaded 

into their proper IItrays". Au: omatic translation of these trays will 

bring the d e sired curve sheet into register with the X-Y plotter and a 

schedule is defined by the setup of the none, 5 or 30 minute sampling 

switch es on tna re z:;?ective alarD;l subpanels. The point plotting rate is 

such as to enable complete recording of every alarmed func:~ion in the 

ward on a 5 minl.:.te sched.ule. The trays will, be ' stad'.ed in such a manner 

as to be easily accessible to tl:e doctor. Examination of any chart will 

not interfere with the recording on th~ others. Twenty-five chart trays 

will be incorporated into the 17 bed unit for the 3..'"lticipated expansion 

to 25 beds. 
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The single bed, or obstetric ward, " 0 ow" recorder will consist of 

a 6 channel multipoint stri? chart recorder. Recording will be on a 5 

second per point cycle. 

All informa~ion that is plotted in the 17 and 8 bed unit "slow" recorder 

is also numerically recorded. Shaf~ pos:tion digital encoders will be 

attach~d to X-Y p1o~ters to provide the numeric function data. A digital 

cl09k will supply date and time , a.."'ld coded patient and function informa- . 

tion will be avail::.:":!. e from a paper tape reader and p.ug board respec-

tively. A paper tape punch io used to i:iaitally record this data for sub,-

sequent handlinG by the data ?rocessor. 

A 4 c!lanne~ oscillograph will be us ed for the 17 bed unit "fast" re-

cord. The 8 and 1 bed unit will each use a 2 channel oscillograph. 

The oscilloJraph referred to in the summary chart for display in the 
: .. 

17 bed unit doct or I s anetroom if; a 2 channel instrument. 

Step 3 - D isplay .~o:1:~or s 

The sensing corr:.ponents used in this equipment are the same as those 

used in the above describeC: Ala::m Monitors. The 11 standard functions 

related to EKG, respiration, temperature and blood press,ure plus two 

spare channels for handling the optional function are included. ' Signals 

::::om the sensor ::: will' be processed at 'the central, control console !o~ . 

c: splay in the operating rooms. The equipment distribu.tion is as 

follows: 

r 
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The single bed, or obstetric ward, II.:;low" recorder will consist of 

a 6 channel multipoint strip chart recorder. Recording will be on a 5 

second per point cycle. 

All information ::-.at is plotted in the 17 and e bed unit" slow" recorder 

is also nume:::ical y recorded. S!1.aft ;?o:;:tion ~igital encoders will be 

attached to X-Y plotters to provide t!le numeric function data. A digital 

clock will supply date and time, and coded patient and function i.nforma-· 

tion will be avaih ... <.J _e from a paper tape reader and plug board respec-

tively. A ?z-?e r tape punch is used to digitally record this data for sub.-

sequent ha~C::inz by the data proces,s or., 
.. 

A 4 cba:cnel oscillograph will be us ed for the 17 bed unit "fastl' re-

cord. The 8 and 1 bed unit will eacb use a 2 channel oscillograph • 

Th~ oscillo~l'aph referred to L-1 the aurmnary chart for display in the 

17 bed unit doctor's anetroom is a. 2 channel instrument. 

Step 3 - Dis?lay Monitors 

The sensing components used in this equip~ent are the same as those 

used in ~:-.e above desc:r!.bed Alarm Monitors. The 11 standard functions 

related to EKG, respiration, temperature and blood pressure plus two 

spare channels for ha.."ldling the optional function are included. Signals 

fro:n the sensors will be proces sed at 'the central. cbntrol console f~r 

display in the operating rooms. The equip~ent distribution is as 

follows: 
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Sb..,.le Operat:''1.::; Room 

The equipment needed for the single operc;.ting room dioplay monitor 

is much less than since onl; one l'oom ic r.equi:.-ec . ::n the sinale opcrat -

irig room, the equipme:::l.t is the same a::: ::"lat of tho multir-lc operating 

:;:oom comple~, cxc .e?t no TV eqt~i?mcnt le :."cquired. The control con-

sole will be located adjacent to a:::l.d with wbdow viewing from the operat-

ing room of the single 6 channel strip cha:;:t reco:;:dcr and 2 channel 

oscillo~rapa, Only a sir..3le <: channel o.::;cillograph and one 6 channel 

numerical display will be requi:;:ed. 

Step -4 - Di~ita! ?\. ecorc.:'n~ of PhvsioloNicz.!. _ .:.easurement s 

Most c': the equipment r .es.u:':-ed to per':orm Step 4 'Will have been In-

stalled into the control consoles in Steps 2 and 3. This is necea sary 

in order not to inter:ru?t the per!ormance ~i the Alarm Monitoring and 

Display Monitoring f'-L.""lctions to install this additional ·equipment. Step 

4 will com?lc:.e w:"le instal ation of the equipment and start th~ performance 

of the ft:.ncticn. 

As noteci previously, the equipment consists of: 

1. Information collection ec::.:.ipment 01." multiplexers. 

2. Information identification equipment or encoders. 

3. Analog-to-digital converters. 

4. Digital data recorders. 

Info:rmation wil_ be gathered i :-om all of the monitorinz systems ex-

cept the Il1-obile .n.lar:-...... : ,:onitor which is excluded by reason of size. 

Each recor~i:lg sytlteln will '.)e self contained within each monitor console. 
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