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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 positionrs are subject to ex-
perimental error. To insist that the curve passes exactly
thru all the points will involve a sacrifice of smoothness.
On the other hand, there is no harm in allowing the curve to

deviate from some or all the points, provided that these deviations

are kept within the limits of experimental error. The present
method allows the operator to find the most desirable com-
pronise between the accuracy of fit and the smoothness of the
curve obtained.

Measure of fit.

We assume that the given points are specified by giving their
coordinates P, = (X,,Y,), P_=(x;, Y )seeee Py (Xps Yp);

n being the number of points. Here it is assumed that

A X~ < X3< (Xn, 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 X, an average of these values is
assumed to be used as the value of Y.

Standard deviation,6~ , of Y's from the curve is assumed to
be the measure of goodness of fit. It is the positive square

root of
Ak (ve- ¥, 15 (1)
iy STy g/ I
where yk is the value of
y=F (x) (2)

for X 2% 5 Eq. (2) being the equation of the curve.

Measure of curviness

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

yll
T+ G V7

(3)

(&)

is the curvature. Eq. (3) gives the average of the square of
the curvature per unit length of the curve, ds = ].+
being an element of length of the curve. However, an attempt
to use Eq. (3) leads to hopelessly complicated equations.
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

5 = f“ ()" ax

X
!

as our measure of curviness. If y'is considerably smaller that 1;

(5)

the S defined by (5) will approximately equal (3), except

for a constant factor x, - X , which has no effect on what follows.
rge, a small value of S of Eq.(5) will
ensure that y" is small, and that therefore y: is nearly constant, so

However, even when y'
that y = & (x) approximates a straight line.

Combined Requirements

)2] dax

The

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

F @) re7 (),

where <& 1is very small and /7 (x) is arbitrary.
produces a change in y equal to

=& ”2 (x),

Page No. 2
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——

which causes the changes § (0 *) and f'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 g~ dor S is kept constant,
1 u} must have 57 6 % oand 4 Sczo for an arbitrary small variation
Ye
E, Now 2 n i_:%ii
] n { =2 %zf! (% - %) ¥ = 2 Z (v = 1,)7(X)s
- and

Cs=2(® pfynax = 25&3"7" ax;
!

C ,(,

so that our conditions become

= 0 - ) W) = 0 (8)
[P‘ and ="
.I [ y (x) Y’ w (x) dx =0 (9)

)
Egs. (8) and (9) have to hold for arbitrary 7 (x), assumed
to be doubly differentiable.

Mathematical transformations,

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

‘)0 ) 75 (—y(x)-YJc) (x-x}'?éc)dx 0, (10)

where (x -z ) is Dirac's delta function, and /% is an arbitrary
posn:ive quanti‘lfy

pr——— ge— } i | L A

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

{ x’f/‘ xn+ —

I Ly" (X)/»)v (x) - ym (x) 7(x§J ( yi (x ) (x)Jif'—/) (1)
{ /“70 -H x' T

I Since '(x ) is arbitrary, this requires that y"(x)=0 at

3 both end points; i.e-

‘ik " (x,§=0 and yn (x;)= 0 (12)

]

J L i)
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The term lim [:— y'"(x) (xﬂn can be represented by
'_q /t90 7 x, Ve
| xn+ﬂ ~ 7
- 1in () (- %) - (e - %) dax. (13)
/90£-ﬁ[ [-J : B 7

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

#&
n
lim vy (x)§ (x = %) - y" (x) § (x =x )[)(x)ax = 0 (14)
: ot x!_/z[ v )CS X)=Y ¢ (x n.]7x

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

7 (x) cannot be completely arbitrary, since it must be such as to
satisfy Eq. (10), which in this case must be regarded as a
condition on % (x). Conversely, the coefficient of ?(V) in

Eq. (10) cannbt be set equal to zero,foz then Eq. (14) would

not be satisfied. As usual,we shall use the method of Lagrangian
multipliers., This consists in our case in multiplyins one of

the two equations, either Eq. (10) or Eq. (14), by an undetermined
parametergand adding to the other. We choose the second
proceduﬁse and obtain:

;im S‘;%E'(x) - Y}J{g\ (x - xk)+2 y""fv\y"'B'(x-X,)
>0 »
X

v f G Jf7wdeo a5

b |

Y 1 e | E : 1 ; | : | 1 : 1
i | : g i i : | ] | i : 5 : 5 a = 2 1 E |
‘ -~

T

3 b |

The value of this method consists in the fact that now 7 (x)
can be treated as arbitrary, and we must have the following
equation holding:

Ayu"q‘-A y/ll[g (x - x,) - 0( (x - xn?]+g[y(x) - Y‘fé]
=]

Remarks on the meaning of )

.

: { |

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 minimizingf ~ with given S(see Eqs.(1) and(5)),
or as minimizing S with given& ™. We choose the second interpretation.
The solution of Eq. (16) will contain A as a parameter, The solution can
then be substituted into Eq. (1), and solved for ) (6a being given).

|-
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[ 1 i Tt can be shown that, for small J ,J is directly proportional
to 4. This can be made the basis of determining suitable A
- i by an iteration procedure.
ol | Another way of interpreting 2. consists of regarding it as

the relative weight to be given the equation J— Sz 0, ¢compared
with the equationd (§ 20, the latter being assigned the unit
weight. For A = 0, the curve must pass through all the given
points; for /| =@, the curve becomes one straight line.

Discussion of Eq. (16).

Multiplying Eq. (16) by dx and integrating from x:=x, - £to
x - x +5%, vith 0<5<(x - x ), we obtain, in the limit
m

- msi
| as S—)@)
;[ Ay (xgts ) g,fy(xk)- Y, J=0 (a7)
. This is obtained with the help of the equation
| x'b
. J F(x)J (x - ) ax = F (x) (18)

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

Eq. (17) shows that in general y“’ changes suddenly as X passes
thru one of the given values, X), but remains constant between
two consecutive values of Xx.

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 form

e em wm
- s e e e e e e e e e e

‘ a
y(x)zam-lvbm x+cmx+dmx3 (19)

[ for the m - th interval, defined by
X, € X€ X, lemsn -1, (20)

Continuity
The possibility of equalities in the relation (20) means that we
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assume y (x) to be continuous at points x . In fact, at this
point, by Eq. (19), for x=x,,

= of
y(xy) = ag ¥ o, x5+ cmxma‘-f d X,

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

L) - | 3
y(xm)- a _l+ b lxm+cm-lxm*%-lxm

so that we must have

am+bmxm+cm xm"'d’mxm"a'm-l m-lxm

C 2 3
+ =\ xm'/'dm—l xm: (21)

which is the condition of continuity of y(x) at the point x .
This must hold for m = 2, 3, ...(n -1), thus providing us with
7 - 2 equations connecting 4(n - 1) constants a , by, ¢, 4, aa,...dn r

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

3 -+ £
by 42 X3 X =% T 2¢p 1%t .1% (22

and
¢34, x = o TE3A S (23)

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

Eq. (23) is a simple recursion formula

oL = G . 293 (g Iy il (24)

m m

which can be solved for c_, m>1, in terms of ¢, and the d's.
Thus, writing down the set of equations obtainable from Eq.(2L)
by letting m=2, 3, ... k, and adding them together, we get:

k
o =0 =3 =] (8 3 - %)% X723, vou (8 - 1), (25)

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

b-b = (a d)?
m-m—l—-3 m-l-mxm‘

which is analogous to Eq. (24), and gives
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_ I X o
- 2 -
[i bk v P -%:édm_l-dm) X k=2,.3, il ). (26)

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

—_—
—

2 2 a =
=10l D e - c X -2dm X
®m m m O, O T m-1lm -1"m

Further, multiplying Eq. (23) vy X * and adding to the last equation
above, there results 2

VR T (dm-l"d) xm
which is solved anologously to Eq. (24), giving

1 dm) xm?, ) - R (P 3 | (27)

Eqs. (25), (26) and(27) give 3(n - 2) constants in temms of
the remaining n 4+ 2 namely &, , b, , ¢ ,, 4,, da,...dn o T

Modified variational. problem

The quantities ¢ * of Eq. (1) end S of Eq. (5) can now be
made more specific by expressing them in terms of the last
named n + 2 variables. Thus, since

y"(xm'f§) z 2 [cm+ 3d, (xm+ E)]

4 Y 2
8 b é‘im +3dme

N =/

,__

The oquatlon gS 0, can now be replaced by

,,,.‘, {[(x +1 xm 3 (’Sn +1° ’ﬁ)dmjcg‘cm
+E>‘(xm°:r R x;) cm+ 6(xr;+ % xn:) d';] : dmj: 0

using Eq. (25), we now replace c_ and Qcm (m>1) by ¢;ad¢

— —

£ the d's and their variations. TThe calculation is rathey
l lengthy, and the result is:
R§ e, * pdat Pgdx = 0 (28)
[ where
r 1
L
o L %
; Page No. i ;
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—/
m
s > - - .
R = 2(xn = xl) c"f 3 (2x1 xn o xz) d,+3 f?ﬂ£‘-2 (xm+, xm)

2x ~-%X - X% )a
(n m m‘f’ m

2 a
-SRI 3(2xaxn -z - ) e 6(31:;1 x - x -2x )

M;/

kS e g d
gk (xm +1 xm)(axn xm xm+/) m
M =22

Pk = 3(xk‘*, -xk)(exn 7 xk 913 ()ﬁ(‘f‘l- xk) (2xn-xk-xk‘“)d'

FRLS
t’
+9(x,, - x) (2 - x - %, MZ a

Sin ) -5 ) (Bxgm % - 24
~ =/
g x - x Hox - - Y& , 2<k<n -1
+9(k+l XK) é‘}/(m/ m)( n Xm xm')'/ m

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

= )
3\
; bkxk+,+ k Tkt dkxk')‘/ k+/)

+ (a,+b, x, ¢ x,’"+ 4 x” -Y (29)

& i 2
With the help of Eqs. (25), (26), and (27), the equationg O Zo
becomes

=
L4 gt M b + Ne, T PZ’/ QPJdp = o (30)

where

My

,/1
L =na,+ b, xk-/—c

; d}/gf Az vy )]Hj

’J
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M‘/ ﬂ, )
fmZ_:\JM m+l[()i' rxy) - ex g )]“, Ty
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:
5 2 R e T
2 o

! - x} Y'-+ g Eka-(xk -x:}?7Yk

q, (85p<n -1) '+ 8 § ka -Xp ¥ (% - xPHﬁLb, %

R=ptl :
{ [(xk'xp?' (- 'y J
fois. ‘kl (% - xp)3 o (xl - Xp H)’],«d,?ﬁxf -,J(xk—x-fj
— . 2
[ éxk -XP) (xk —xp,, )J
P=/ s 3
2 ’%.\ dm 'E%f/(XI = ym) - ( k = ‘i i7 (X] -x Y=(x;- H )J
a % A ] Y7
-+ P éf"‘/ Exk XP) (Xk 4 2 J

- (- % +1)_1] ’éﬁ [("k'xp?'(’ﬁ('xpn)j]Yk

Eq. (28) is now multiplied by A and added to Eq. (30). Then

da, 5 Daiged A T .Jd,,_/ are treated as arbitrary independent
quantities, so that their coefficients can be set equal to zeros.

We then obtain the set of equations:

, R (31)
X .to, (32)
N+AR= 0, (33)
Q, +,L1?p =0, 1&€psm=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, &, b, ¢,

d, ’ et 20 dn - l :
Simplification

Exemination of our equations shows that considerable simplification

Page No. 10
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can be achieved if X, = 0; 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

Tex - x (35)

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

y(® =A1B I+ G s T (36)

If desired, the old coefficients ay,.-.dy can then be found by
equatin% the right sides of Egs. (ef9) and (36) and using
Eq. (35)-

Equations (25) to (34) remain valid if we now replace X ty X,
a by A, b by B, ete. and put X, = o. It now becomes possible
to write the expressions for R, Pk’ L, M, N, Q¢ in a more
compact form.

Thus, we now have:
=
B2 X €t 3 %_, Guy - Z)@E K K, Py (37)
Po=3& ,, E)&, -K-X )

Gt i o P
+‘9(:-5PH->_<p)(2x-3_TP-Y )2_3(;(

n

- (A — -— -
6, K)"  (F, -5 - A, )0,

=/
g R R
t9Z - &) ﬁw(XmH £)2%, -%, -5, o (38)

for 1€ pen - 1,

L:nA,+B,§; X—k’* ci%&?
+m£‘ Pn §-r.+/[(_xk A Xm)3 - (- Zuw )3,7 a5 éj Yy . (39)
=l

- s pa— : :

= -,

&~ <\£" - D ! w3
M:A,g 5, + B & + C/%Xk

',__4

= |

f
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" iR S o e e B
)

™m R=mt ¥
—%’ e 4 (40)
quAlé"le +B'§-3+C’$ .qu
Y)’I b e =8 3 3 /)
A [€ %) -& -5, 0/38y, )
" = 277
X = =y (7 . T e w7
e A'éf B - &) - & %+/?+3'&%+ﬁpk %)
=P+/
'(Xk 'ipﬂ )]
Y a — £ ¥ i 3
tc, 9=Z,o+, X [ (X, -pr- (X -xpﬂ)]
C 7 3 S £18 Bl A e R 3
1S, Zln-w a5 [6 LG

i E: Dm i‘;' g,fk : )Zm)—3 -(Z].‘ . znﬂ i] [(%: X pr
- %
@ -L,,, ]
n 3 e 4 5
¢ Eaﬂ(z“ A

1€ pén - 1L (42)

-

Discussion and further simplification.

The n+2 equations, Egs. (31) to (34), are adequate when lj—’o.
However, when/ = the determinant of the set vanishes as A" times
a polynomial in A of degree (n - 2). The vanishing of the
determinant forA = o 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 7, points with an a+ 2 parameter form.

Since n parameters are adequate to make the curve pass exactly
thru all the points ( thus reducing ©~ to its absolute minimum
value, zero), two parameters can be chosen arbitrarily. Thus,

Page No. 12
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two equations are redundant and must be consequences of the others.
This is manifested by the occurrence of ,{"‘ as a factor of the

determinant-

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

vy (&) = ym (0)=2C=o0 (43)

and X+ &
o (L, = 2 e 4 e R e (L)

which must hold for any choice of ] , and thus in the limit of
7 2o. This permits us to drop two of the equations of the set
(31) - (34), and replace them by Egs. (43) and (44).

Eq. (43) gives C, =0, and may be used to simply drop all terms
in Egs. (31) - (34) containing C, as a factor. Eq, (4h), in
wiew of Eq. (25), reduces to

A s -
S @& .- &), = o (45)
M=|

Surmary

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

L =0; (46)
M= 0; (47)
N+AR = 0; (48)

R 1A B, Ty ESRESEA (49)

-l
> &,,-%) 0= 0, (50)
M=/
for the n+ 1 unknowns: A,, By, Dy,... D , where L, M, N,

Py, Qp’ R are given by Egs. (37) - (h2),nwit ¢, = 0.

When these are solved for any assumed A, We use

c, = o;} (51)
6 =3% (0, y-B) L; 25ks(a-1) . (52)
Ma L
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£

B = st -D,) X5 2¢k<(n-1) (53)
Sl
£ 4

O SR A - D) & " (

=2 m-1

With all 4(n - 1) coefficients known, we can calculate y(X),
for X, < X< K.k+ 1» by the formula

y@= At 3X4e T B L (55)

Determination of A

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

A as a function of 0~ has the following properties: For 5—30) /=9,

except when all points lie exactly on a straight line - a
trivial case requiring no curve fitting. Increasing/\ will in
general increase U , again except for the straight line case,
when y" = o and 4 ha.s no effect on(d. If A2°°, the curve
approa.cnes a straight line and & ?will have its maximum value,
sa.yé' ~ corresponding to the best fitting straight line.
Thus, in general, | is a monotonically increasing function of
K= starting at A= o forf=o0, and becoming asymptotically
infinite for 6 = @

For small 6 /1 will in general be proportional to® . This
can be seen by assuming that A is expanded in powers of © and
noting that, since )=/ for 6= 2q, the constant term is missing.

Based on this behavior of 2 , we suggest the following procedure
for determinimg a suitable,? .* Assume an arbitrary A=

and having gone thru the calculations described in the last
previous section of this report, determine corresponding G .
Test to see if this © lies between 6, and Oa., If not, let

A 2 be found from the equation

6 7 6)
Xy i Sl (56)

and repeat.
* This method was suggested by Dr. J. H. Bramble.
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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 ;a~= 0, the curves given by Eq. (50) pass through all the given
points. In that case, however, the coefficients Ak, Bk, Ck, and Dy
can be found more directly. We can still use Egs. (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, By, and Cy are replaced by their values from Egs. (51)-(54),
Eq. (55) becomes, for X =X, k =1, 2,....n

k-1 3 3
A1 + BjXk + jgj [ﬂXk- Xm) "= Xk - Xme1) 1 Dp = Yi (57)
m=1

This set of n equations is equivalent, for J3 = 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 Xj and then summing over k. The suitable fac-
tor can be easily seen by noting the factors by which Y, is multiplied
in Eqs. (39)-(42).

Now, the idea behind our attempt to improve our equations is to replace
them by a generalization of Eq. (57), involving terms in A, which
would be equivalent to the set (46)-(49) even when A5 0. We first
tried the equation;
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but it soon became obvious that this set cannot be made equivalent
to the set (46)-(49) for any choice of _ka The generalization that
worked was:

k-1 ,
- 3 3
Ay + ByXy + 2, [(Xk - X - (g - Xpy) ]Dm

m=

=1
+ﬂ :glfkm])m = Yk (58)

This set of n equations (k =1, 29... n) replaces Eqs. (46)-(49)
and must be used with Eq. (50) to determine Aj, By, D3, Dp,--- Dh-1-
After these are obtained, Eqs. (51)-(54) give the remaining coefficients.

The problem was thus reduced to finding coefficients /km (op=rios 2 R
m=1, 2,-++n-1). Operating on Eq. (58) in the same way that we oper-
ated on (57), and comparing the results with Egs. (46) -(49), we obtain
conditions on #y. Thus, for example, summing Eq. (58) over k, from

1 to n, we obtain Eq. (46), provided

n

n-1
Z z kmDm=O

k=1 m=l

Ll

. If we assume, as we did, that 7[km are independent of Dp, then

n
N fkm=o. l4m#n-1 (59)
k=1

Similarly, we obtain the following conditions:

n
S Bk fl'(m =0, l€n&n-1 (60)
k=1

n
= 2 f = 3yt~ X (B~ ¥ = Ky D0 (6D
k=

b !
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with the same condition on m. Further equations are:
s 3 3 7[
> [(Xk - X)Xy - Xp )j km
k=p+1
= 9Xpy1- Xp) Rpyy - Xp) (ZKp - X, - Xpy)
for l€p£€£n -3 and 1'=m=p i}
On the other hand, the right-hand member becomes
= 9(Xp41- Xp) Kpy1- Xp) (2Xy - Xy - Xpyp)
for 1€p<t -3 and p+lZ£m=£n - 1.
Finally
< 3 3
Z [(Xk'x) '(Xk'X+1)] k
P P P
k=p+1
= 6 (Xp41 - Xp)2(3%y - Xp - 2Xpi1)
for l1£p£n -3
The set of equations (59)-(64) has n(n-1) independent equations,
which is just the number of/km.
Looking at Eq. (58) we see that any common factor of all fxy can be
taken out and included in ﬂ 3 since A 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 l#m<n-1:
][;m =0 for k<m
=) for k=m
=-1 for k=m+l
=0 for ksmtl
o
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Group II, for k=n - 2 and l£dm<n - 4

(X1~ ¥m ) (Xp - Xp-1)
Xp-1- Xn-Z)(xn if Xn-2)

Wi
™
8
I

[ ~Rppy1- X)) Ky - Xh-2)
/[;-l’ Pk Xy~ Xn-1) Kpo1- Xp-2)
[ 7
7éh m = (Xp41- Xm) (2Xn_- Xn-1- Xn-2)
[ Xy - Xn-l)(xn T Xn-2)

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

fﬂ (Xn ¥ Xn-l)(xn £ Xn—3) 4 (Xn 4 Xn-2)2
n-2, n-3
(X, - X5.2) Xp-1- Xn-2)

/;1-1, 0.3 = —Xn - Xn-1)(Xp-2- Xn-3)
(X = Xx-1)(Xn-1" Xn-2)

>
/Zn, n-3 = (¥n-2 - Xn-3)(2Xp - Xp-1- Xn-2)
(Xp- X5-1) Ky - Xp-2)

/ 2 = s J)
:fn-Z, ok (2%n - Xn-1 - Xn-2)

' 2 =
(Xn 8 Xn‘ 2)
711_1’ ne? = (2Xn - Xp-1 - Xpn-2)
(Xn - Xp-1)

(Xn-1- Xn-2)(2Xn - Xn-1- Xn-2) ‘
(Xn & Xn-l)(xn i Xn-Z)

5
B3

'
[a=]

]

/ |
o fn-Z, n-1 = (Xq - Xn'l)z i
(Xp - Xp-2) (Xp-1- Xn-2)
}
X 1k
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%rn-l, n-1 = - (X = Xpo1) -
Xp-1 - Xn-2)

%, n-1 = Xn -Xp-1)

(Xp - Xp-2)

For n = 4, Group II is vacant; for n = 3 both Group I and Group II
are vacant. For n = 4, Group I reduces to three members, namely:

: 7[’ %
/11=1’ 12 =]Z13=0-
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INTRODUC TION

This booklet has been prepared by Computer Data 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 were 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 Data 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 particular jobs within the depart-
ment's operation.




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 the 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 adopted 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.

The following are some highlights of our generalized routines. They are
currently being used or they are being readied for customer use.




CURRENTLY GENERALIZED ROUTINES

l. SORT (WORD CONVERTOR)

2. MERGE

3. REPORT

4. FILE MAINTENANCE

S. SELECT

6. ARITHMETIC

FIGURE 1




GROUND RULES FOR OUR
GENERALIZED SYSTEM

. BCD OR BINARY DATA, EXCEPT FOR ONE ROUTINE

. FIXED RECORD LENGTH, EXCEPT FOR ONE ROUTINE

. MAXIMUM RECORD SIZE OF ONE HUNDRED WORDS

. MOST RUNS HAVE OPTION OF READING IN NEXT PROGRAM

. UP TO I5 MASKS IN RUNS THAT REQUIRE GENERALIZED EXTRACTION

. 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 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 sequence 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 separate 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 line 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 stop 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 any one
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 control 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 any one control




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 performing 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.




¢ 0
EROER 5 E
PE NO. ODFC NO.
B175 6@.1.01
BS74 GE.?2
443 2Z2.4.01
29551 VA -
TOTHL
NOTE

I=% €. A. L W E E K >
C- 0N Pl T E'R UsaAh
G E.D FROGRAMN
CHECK oQuT PRODUCTION
TIME TIME
01,35 00. 00
N0. 66 00. 00
00. 33 01«22
00.00 o0, 11
2.39 1.33
ALL TIMES ARE EXPRESSED IN

FIGURE 3

(&1 t
RiE-C-D RDIS

ERROR
TIME

o0

HOURS.

. 00
o0

.00
0. 00

0%.35
00. 66
07.60
00, 11

3. 72




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' 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.




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

el 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 R and 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

10
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Card 1

10
11
12
13
14

15

WORD CONVERTOR INPUT LAYOUTS (OPTIONS)

Columns Columns
1-6 7T on———»

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

l, /3, QO 1=no

Mask Word No.
0000 X0 Z
ZZ7Z7Z7Z2Z

Omit any mask cards which are not used.

All fields from col. 7 on should be separated by commas.

12




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 word 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 read 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.

WORD CONVERTOR INPUT (CODING)

Card no, | Columns Column 7 on — All fields from col. 7 on are separated by commas.
1-6
1 TABLES 0 1 2 3 4 5 6 7
2 3, e /) 5, G, A 3 4
2 TABLES 8 9 0 “ @ 0 0 0
/0, 1, o, <0, o/, O £ 0,
3 TABLES & A B () D g F G
33, /2, /3, /4, /5, /6, /7, /g
4 TABLES H I +0 [=4 0 0 0
/7, 20, 43, 43, “4, o, o, o,
5 TABLES - J K L M N 0 P
45, 24 29, 27, A9 25, 26, 27
6 TABLES Q R -0 $ * 0 0 0
9 y Z L ‘/6) “{71 39} o) ol OL
7 TABLES blank} ¥/ S T U \/ w X
o, 48, 30, 34 32, 33 34, 35,
8 TABLES Y Z B : % 0 0 0
26, 37, o S0, YA o, o O,

13




SORT PARAME TERS

INPUT TAPE NUMEER 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
THIS 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 0077777777717 NSB
KEY WORD 3 3 A
MASK 3 770000000000 NSB
END

Merge Run

Two files are to be merged on 3 key fields. These fields are PR number
in columns 2-5, DPC number in columns 7-1 3, 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,

14




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-of-sequence condition. Since the
DPC number 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
would 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 and which words in the record were to be used for extracting. In this
case, option two was required to decode a thirteen 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 of the original
character that the given pseudo character replaced, For example, blanks were
pseudocoded zero, therefore in the box capped with a numeric zero, we enter the
decimal equivalent of a blank (60 octally) 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,

15
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Card 1

10
11
12
13
14

15

WORD CONVERTOR INPUT LAYOUTS (OPTIONS)

Columns Columns
1-6 7T on———»

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

2, /3, o =no

Mask Word No.
0000 X0 Z
ZZ7777Z

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 (DEC ODING)

Columns Column 7 on All fields from col. 7 on are separated by commas.
Cardno. [1- 6
1 TABLES 0 1 2 3 4 5 6 7
48, O, © /y 4, 25 4, 5
2 TABLE S 8 9 10 11 12 13 14 15
@, % g, 9, 17, /8, /9, 20
3 TABLES | 16 17 18 19 20 21 22 23
2/ 22, 23, a4, 25, 33, 34, 35
4 TABLES | 24 25 26 27 28 29 30 31
36, 37 33, 39, 90, 4/, 50, 5/
5 TABLES | 32 33 34 35 36 37 38 39
52, 53, S, 55, 56, 57, /G, 4
6 TABLES | 40 41 42 43 S 45 46 47
/1, /9, 26, 27 I8, 39, 34) 35
7 TABLES | 48 49 50 51 52 53 54 55
8 TABLES | 56 57 58 59 60 61 62 63
O' O) O) O: oi 0, O, o

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 [PR number in columns 2-5]

IF [Q574, Q175, Z443, Z551] THEN TEST [Time Control in columns 17-19]
IF [704] THEN [write tape] OTHERWISE GO BACK TO INPUT.

Description

In setting up this run, 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 or 5000g. Infield 2 of the card, thefirst wordaddress
of the input data is 197910 or 36738c.

18




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 output 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




&

INITIALIZATION CARD
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*All parameters are to be separated by commas.

Card 3**

FINISH

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

Regort Run

A report on the total 704 computer time used for PR's Q574, 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 lay out the format, the page headings are printed in the exact print
position 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 cards
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
the final line, This is accomplished by putting ""0" in print position 1 on the "F1"
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 '""N1'" 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

‘ CDCOL. 12345 67— Use Commas to Separate Fields
ID INP. OUT. FORM PAGE NO. NO. OF INP. FROM SORT | SPACING
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 Z g, 4, /, %9 0, /
OUTPUT FORMAT
CD CoL 0 I r 3| 4] sl || 6lol [ 2| 3| 5 A
. 1 |2]3}4{5]|6|7|8[9|0] I [2|3|4{5|G | 7|8/9|0] I |2| 3|41 5|c|7|8|9|0} 1 |2|3|4|S|6 690123456759012345575901234567550l234567690|2345G7&90)2345678901234567550I234567590 2
= | [4 3| < ) 6 7 B 19 10) 1) 124I{D
‘ PRINT POS'I2345675“3012345678901234567690[234567590!23456789J0|234567690I254567390125 5/6/7]8|9|0] 1|12|3|4{5|6|7|8|9|0] | |2|3l4|5|6|7|8(9|0] 1|2|3|45| 6|7 80| o] i [23lals 8/9|0]
PAGE HDGS. | /sl lel @ lu ! ]
[ g i
‘ [ 7| lo < ol 1M # o r u s s
‘ | el lo < |1 |g 8 PR 6K c g vl
|
T | PR Vo aAC cﬁg oo PROudrid | | rorau | A7
| | RN | | | [
HREEN | LT ! g 1] il 19
DATA LIN ERNNRNENEN { [ | X xixixlxlx] || | xlxl- X ; - XX X X|- x| | o |
e | | | 111 | 11 Lk | ! !
HEREN ! | | []] | [l Bl I |
(it |11 W ‘ l IENIRERER | | .
ENENE: HENENE: T [ | | 11 | 1]
ANNEN | | HERAN | [ 11 L l i [
| N“ | | l,'][ s | 1] HEB ;’ Z T I
| [ 1] WEEAT | T 1T 171 [ 1] | | [
N NERRENENNRND | NERENIN ERRNNNEN ! I
SUMMARY LIN PEEEEEET | (T | T TTT1 TTT]
T ; T § INNNNRNNE RN NN A RNNNNRNR AR
‘ SEN SRAR [ (1] [ | [ || 1] } 1] [ |
HEE ; ‘ 1] IENEEE ENEUENE | |
ENRRERRN 111 NENENN N INENENENNNANRRNNEN NN ENNNERNERNEN \
] I w 1 ECDREEEANEHEED HH [ I
| { | | | 11{‘: | | I ‘ |
HH | I | I AEENANANNNNNNNNNN NERRNND |
111 | NENEN [ 1 INNRERENRERERNEN [LI]T] il 4 |
SR - 1 4 NI NN INRERN LRI peox=he (XXX A
Il 3 : f ! il EEEN
| I —tt—t——— ™1 | T | |
F°°TNm3 | t i ——s 1 + ? iJH; 41— »v«vﬁ——-——-{’ l {1
: I LT } L T {
1 ; W7 s L [TYMES |RRE|E xPRESSED IV HAURS .
| |
LAST CD [FIo[RMA[T l o i | |
SUMMARY & FINAL LINE INFORMATION
. DATA LINE INFORMATION CD COL. 1-2 7————— USE COMMAS TO SEPARATE FIELDS
D COL. 1.2 7——— USE COMMAS TO SEPARATE FIELDS LINE CONTROL FORMAT | LAST HIGH ORDER CHAR. NO. OF
= ID LEVEL LINE PRINT WORD | CHAR. CHARACTERS
LINE FORMAT | HIGH ORDER CHARACTER NO. OF ZERO ELIM i e S5 0 IN FIELD
ID LINE PRINT [ WORD | CHAR. | CHARACTERS 0=NO : F/ 0, 4! 78, 0, G, Y
FIE LD NOS. NO. NO. IN FIELD 1=YES £/ O, >, 92, /132y 5, 4
D/ /) 48, / = 7, S £/ 9, 3, /0;7. Z' 7 o
- 4 ) /I A ¥
/ - 59, =¥ /, 7, P A/ O, =ik ) 3 7]
/ 3) 7‘/, //l 6: "/, o SR
D/ “, 83, /2, 5, /, S CD. COL. 1-2 e
/ 5, /03, 17, /, &, rS——
J e, 1%, L/ 3 A S sl
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Fort Wayne, February 18, 1957

{Su ject: 39 Frame Systems Project
Wage Administration Study
Scope and Boundary Report

OBJECTIVE:

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 Jjobs.

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 Jjob
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
with a blanket wage adjustment.

(d) Analysis of forms or files which are a part of Central Wage Administration
exclusively.

SCOPE :

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

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

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

(d) Processing of information for employees assigned to daywork (or
incentive) occupations.

(e) Changes of occupation within a section.

(f) Confirmation of pay change recommendations.

(g) Changes from Group A to Group B.

(h) Administration of & 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.




EXHIBIT 5
‘ SAMPL&E
o i Ll LR

SUMMARY CHART

E/VK'AGEM.EA/T'S" TRANS FERS ANLD CHANGCES /N FAY

CODE CHANGCE NOTICE (Fok CHANGCE OF OOCoFAT/ON

CopE Secrran 5",{5255: WITAIN A SUB- SECTI0N) , SECT/ON TRANSFER , OR
ENCACEMENT OR RE-ENGAGCEMENT SLIP (/NClvbES

CHANGE TRANSFER
& e Ll TIANS/ERS KoM OTHER DEFARTIIENTS) ARE
CHECKEDL FOR CORBECT RATE AND CODE WHEN
RECE/IVED,

IN THE CASE OF AN ENCRCEMENT a8 KE-
ENCACEMENT A 38 CARD /S USED T8
KECORD [ATE AND (OPE WHILE THE

ENCAGEMENT SLIP ]5 SENT 70 PAYROLL .

3%xs”
MRD > FILE

70 PAYROLL

AFTER FAYROLL REFORT /S RECEIVED MWD

FAYRoLL FAY NUMBER (S UERIFIED | A RATE ANO

REPORT OCCUFPATIONAL (OPE CARD 1S /NITIATED AND
RATE AND CoLE ARE ENTERED oN IT.

. IN THE OTHER Turw CASES, RATE AND COPE
RATE AND ARE ENTERED ON THE RATE AND OOCUPATIONAL
CODE CARD WHICH 1S ON FILE., REMOVALS,

OCCUFATION A L
WWHICH ALASO AFFPEAR ON THE. FHYROAL REFBRT

COvPE (CARD
ARE RECORPDED ON THE RATE AND
OCCUPATIONAL CODPE CARD .,

IF CAPE EBNTRY CHANCEBS AN EMPLOYEE

UNION Duss
DECUCTIaN FROM ONE uN1oN “‘GRaUP’ To THE aTHER
“srop” A WION DUES DEDwCTION “STOP” 1S
[FALED TUT AND SENT 70 PAY ROLa ,

CODE CHANGE NOTIE /S SENT TB EMPLOYMENT
v 7 PAYRode AFF/ICE y SECTION TRANSEER 1S SENT TO
Y CHWEE AT S o FAYROLL UNLESS A PAY CHANGE 1S INVOLIE D,
IF A PAY CHANGE OCCURS ON A SECTION

arion | o
EMPLOYIMENT TRANSEER THE TRANSFER IS MELID Faf

PAy lchange OFFICE CONEIRMA 170/ .

WHEN A FAY CHANGCE RECOMMENLATION 75

KRATE ANO .
occzz‘/g'm'; RECEIVEL 17715 CHECKEDL ALAINST TMHE I1aACE
SCALE . |F /N ORDER, JTHE ENTRY 1S MADE

I ON THE RATE MNP OOcuPATIONAL CODE CARD.

’ CONLIRMATION OF FRY CHANGE RECIMMMENDATION
CONFIRMATION of IS FILED our FRAM SECTION TRANSFEFERS AND
Ay CHANCE FAY CHANGE RECOMMENDPATION S. CONF/RMATION
KECHWIEN BAT N /S SENT TO SUB-SECTION AND EMPLOY MENT
OFFICE . SECTION TRANSFERS ANE FAY CHANGE

l, \L l RECOMMENDATION S ARE SENT To6 PAyrail
70 72 70

PAYROLL. Sps. EMPAOYMENT
secnon FFFICE
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INFORMATION PROCESS CHART

tN LINE {SECONDARY RECORD OR
ENTRIES - EXITS RECORDS ; FIELDS REMARKS
FLOW FLOW FIELD
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INFORMATION PROCESS CHART
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(b)

(e)

(a)
(e)

(£)
(g)
(h)

(1)
(3)
(k)
(1)
(m)

(n)
(o)

(a)

(r)

(s)
(t)

LIST OF EXITS - WAGE ADMINISTRATION STUDY

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

Engagement slip (original) is sent to the Payroll Office, after approval
of rate.

One copy of the engagement slip is sent to the sub-section which is
employing after approval of rate.

Union dues deduction (stop) card is sent to Payroll Office after completion.

One copy of section transfer is sent to sub-section to which employee is
transferred after approval of rate.

Same as "d" above.
Section transfer (original) is sent to Payroll Office after rate is approved.

Information 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 of pay change (original and one copy) sent to sub-section
involved.

One copy confirmation of pay change is sent to Employment Office.
All pay change recommendations and section transfers are sent to Payroll Office.
Same as "d" above.

Mman

Same as "i" above,

Average earnings cards which have errors are returned to Payroll Office
after correct entries have been penciled in.

Average earnings cards which are correct are returned to the Payroll Office
after being checked.

Blanket wage rate adjustment sheet (original) and all adjustment 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 Office.

5x8 card containing job description is sent to sub-section where Job is
located.
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MECHANIZED RELIABILITY DATA SYSTEM

INTRODUCTION
The scope of the Mechanized Data System described here includes information

pretaining to the prediction of the functionsl capabilities of materials, processes,
and devices (used in our products), extending from the raw materials used, through
Vendor and Manufacturing processes, into performance under environmental stresses,
and finally the operational application-flight. 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 minimum
communication 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 function. 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 forecssted 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 which will supply both engineering
and management with an integrated picture of decision-making factors.

The proper integration of Mechanized accumulated deta with Space Vehicle
development results in repid and reliable progress because experimentel and operational
test data are available for immediate regenerative feedback, for analysis, and for

equipment prediction purposes.




IMECHANTZED RELIABILITY DATA SYSTEM

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

end processed, &t electronic speeds, in order to provide a number of reports, both
historical and analytical in nature. It may be advantageous to indiecate here that
high speed computer techniques, such as those developed at M.S.V.D, not only permit
timely reporting end analysis but also allows for the storage,on Master Magnetic Tape
files, all data generatedj:nd 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 " Introduction" section of this paper; it now remains for us to define"Reliability"
while correleting the meaning of a Mechanized System.

One accepted and simplified definition of Religbility is-"predicting how
well a unit will operate with respect to its designed function.”

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

o
Gil)

io N

the various testing programs into development with minimal program delay, data an

n

data enalysis must be accurate, complete, easily accessible and quickly available.
To assure the aforementioned qualifications, high speed electronic ecuipment is being
utilized within the Mechanized Reliability Data System. Needed data emanating from

Vendor sites, Test and Inspection operations, and field and flight facilities are rapidly

lyzed and processed on the IBM 704 high speed computer.,

=]
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MECHANIZED RELIABILITY DATA SYSTEM

DEFINITIONS (CONTINUED)

Reliability paramaters are programmed and generate significant outputs in
the form of Failure Rates, Mean-Time to Failure and Reliability Bounds, and are rapidly
disseminated to D2sign, Manufacturing, Production, Jesting and other pertinent
operations which have the need to know for purposes of corrective 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 jocations 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 dates, on a real-time
basis 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 Management data.

New techniques in various stages of installation for purposes of rapid
accumulation of recguired input include sophisticated data-logging equipment which
automaticélly proffers inputs into high speed electronic data processing machinery
without the fear of "human error" elements intervening.

PROGRAM 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 recuired program
inputs. These inputs are secured:

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

Field and Flight fecilities.
(2) At various levels of test such as: COmponent, sub-ggsembly and system.

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

requalification and cycle type tests.

——
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MECHANIZED RELIABILITY DATA SYSTEM

PROGRAM INPUTS

The method used for securing the recuired input is divided into two 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 Microwave 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 switch is thrown on both ends to start the transmission. Upon detection of
an error, a light is illuminated. On the transmitting end, the tape is pulled back to
the last end-of-line code (8 channel hole 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 machines 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 €0, 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#047) and are then converted to Magnetic tape (on an IBM#714) as

direct input to the IBM #70. computer.




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
equipment are to expeditiously and accurately stress, and measure any, or all, of
the Missile and 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, measurement, analysis,
decision capability and reasd-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 seguence, and
at the proper time.

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

These advantages include, but asre not limited to, the following:




MECHANIZED RELIABILITY DATA SYSTEM

PROGRAM INPUTS (continued)

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

eguipment is automated.

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

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

Reliability program.)
(3) Humen error is eliminsted- 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 manuel transeription.

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
discusgion of Data Processing Technigues 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 via the teledata system or source data
mechanigation 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 t*en fed into the IBM#704 main frame. Here the data is introduced to the
computer program which directs the processing of the raw input data. Sorting,merzing,
armmarizing 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).

b




MECHANIZED RELIABILITY DATA SYSTEM

PROGRAM OUTPUTS:

The basic reports furnished within the framework of the Mechanized
Reliesbility Data System include inception-to-date and monthly reports on the "Totals
of Test Tire, COycles and Failures" and "Equipment Reliability Status Reports.”

The function of the report on "Totels of Test Time, Cycles and Failures"
is to give a picture of the test time accumulated, the value of the test conducted,
and the envirommentasl stresses to which the unit has been subjected. The number of
failures that may have occured at any level, and during functional and environmental
tests, are summarized and counted and then utilized to predict the unit; reliability.
The format of this report presents the data necessary to predict the reliability of:

(A) An individual component by individual environment.

(B) & type of component by individual environment.

(C) An individual component by combined environments.

(D) A type of component by combined environments.

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

(1) To indicate 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 Qualification or Acceptance type testing. The overall
Religbility is simulataneously indicated 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, fipper Bounds through specified environmental stresses, and then

the overall operational Reliability.




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
derived (uta against 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
confidence 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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the general electric GE SEARCHING
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rapid
selection and retrieval of desired technical

TO MEET THE DEMANDS FOR accurate : : A . i
information from extensive files and libraries

economic




ation searching selector

WHAT IT IS: The GE 250 Information Searching Selector is a data processing syst:
specifically designed to provide rapid inquiry and selection from la
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 informatic
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.

HOW IT OPERATES: 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.

WHAT IT DOES: ® Retrieves selected information from a large storage file
® Permits immediate and efficient use of recorded knowledge
B 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.

IT CAN SERVE YOU: if you need to retrieve information quickly and economically
from vast files of data as found in:
Industry Government Professions
Chemicals Patents Law
Metals Military Medicine
Petroleums Personnel Applied Research
Pharmaceuticals Intelligence Libraries
Law Enforcement
Census

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.




features of the GE / M

information searching selector

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

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

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

— additional magnetic tape units — high speed perforated
3 ¢ tape reader
- i :g)dr';“g%"ﬂ'miga“’h requirement — card reader and punch unit
— additional buffer storage units
— high speed card readers — high speed printer
W SEARCH
EFFICIENCY: can handle complicated search inquiries — provides extreme

accuracy of retrieval

M ECONOMICAL: designed to provide operations at low cost per unit of information

\l'

B COMPACT B EASY TO INSTALL B LOW POWER CONSUMPTION

B EASE OF OPERATION ® FULLY TRANSISTORIZED




CPB-57 (5M 9-59)

The GE /jﬂ Information Search-

ing Selector can provide operational
and cost benefits with any indexing,
classifying or coding system — 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 possible time.

For additional details on the GE 250
Information Searching Selector, con-
tact the General Electric Computer
Department, Deer Valley Park, Phoe-

nix, Arizona.

IN THE CONSTRUCTION OF THE EQUIPMENT DESCRIBED,
GENERAL ELECTRIC COMPANY RESERVES THE RIGHT TO
MODIFY THE DESIGN FOR REASONS OF IMPROVED
PERFORMANCE AND OPERATIONAL FLEXIBILITY.
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Information gatherecd on the digital recorders will then be sent to the
central processor for data reduction and analysis. The central processor
will then perform a preliminary data proceaging operation which will
consist of (1) putting the information into the proper scale or calibra-
tion, (2) reorganizing the information; first, by patient; second, by

function and third, by time, and (3) rerecording the information onto

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

At this point two types of computer programs will be a*:railable for
further znalysis of this data. The ﬁrst"t;rpe will be general data re-
search programs such as time trend analysis, simple, multiple, ,cross
and auto-correlations, response ané.lysis, event search and tabulation
routines, etc. The second type of program will be more specific routines
designed to answer doctors' specific questions about the data and to dis=-
play the data for hir;i in a variety of forms. Examples of.these more
specific programs are {1} cumulative doses of 2 medication shown as a
iuaction of ti;:ze, (2) medication or treatment events shown on a time
plot along with sormc sclected physiolozical variables, (3). smoothed or
averaged or condensed series of measuréments.' (4) expected future
measurements based on extrapolated trends. Many others will be de-

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

‘

These routines will be so programx;aed that the questions or requests
made by the doctor or medical researcher will be phrased in English
language statements or questions. No programming or computer know-
ledge will be required on the part of the doctor.
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INTRODUGCTION

Tremendous strides have been made in the Iast few decades in im-

provéd medical care. Much of this iz the resull of ﬁewly discovered
drugs and other trcatments. Much alco has resulted from newly dis-
covered methods of collecting and analyiing medical information. It
is the intention of this study to consider the additional improvements
in medical care which can be made by applying electronic techniques
of collection, transmission, storage, -analysis and display to medical
information. The consideration is 'ner'e restricted to the application
>
of these techniques within 2 hospital, the prime source of improved

medical care. The ultimate in an Electronic Patient Information Con-

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

An Electronic Patient Information Control system would collect
information on the patient from a number of sources: medical his-
tories, laboratory tests, physiological sgn-sors attached to .the patient,
doctors' and nurses' observations, etc. The system would transmit
this information to a central processor to be analyzed, compared with
revious information on that patient or on cther samples of patients

with similar conditions, and comparcd with potential diagnoses hy-

— pothesized by the doctor or by the central processor itself. The re-

sult would be information useful for diagnostic purposes and recommen-

dations for adcditional tests or measuremcms. Wita further advances




expected in medical science the system will also be able tp test the

effect of various treatments on a mathematical model of the patient,

This ultimate TPIC system is only a few years away. However, it
depends on a great deal of preliminary information collection and

analysis,

However, there are a number of logical steps leading toward the
ultimate system which can themselves providé significant assistance
to the medical profession. The rem;{inder of this study is devoted to
suggestiing a program which leads towaxd t{his ultimate system jn an
orderly fashion. This program also provides this growth pattern in
such a manner that the operating cost is reéucec‘. sufficiently so that

‘each addition is itsclf economically justifiable.

There are, of course, afxy m.lmber 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 imumediate advantages which are
increased as additions are made to the system. It is expected that
other complementary courses will be followed simultaneously by
other organizations. Every atte:hpt will be made to coordinate with

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

Introduction

There are any number of approaches to Patient Information Control

-

systems, They all have the same ultimate purpose which might be ex-
Pressed in generzl terms as better medical care. What distinguishes
these approaches one from ancther is their shorter term or interme-

diate objectives and their field of application,

This particular approach has as its {ield of application the hospital.-

<3

more specifically, the average cized short term, general hospital, It
has as its Primary purpose the improved medical care of the patients
being treated in that hospital. This means improved knowledge of
"patient condition, improved qualily of treatments and tests available,

and improved control of treatments and tests administered to the

patient.

3

his program also has a2 number of secondary objectives. Advances
in the general field of mediczl iknowledge is one of these. In many re-
spects the demonstration of feacibility established by applying .this sys=
tem to a hospital is in itself an adw)ance in the art of medicine. In
addition, this system can provide more specific advances by its abil-

ity to perform measurements and data analysis of controlled tests on

new equipment, treztments, procedures, eic.

Another objective of this program was improved economics of

« 3 - .




operation. In addition to the improved care aspects, this improved

-~

‘care must be provided at no increac: in operating costs. Some other

objectives are improved administrative control of thg operations of
the hospital, thus permitting better management from a number of
points of view. Another objective is improvements in the flexibility
of the hospital to adapt to changes in cperating parameters such as

increased size of the total operation or of any department within the

operation.

In the establishment of an approach for growth of any long range
program, the most important single factor is practicability. Prdgrams
involving the mosti'perfect theorics and the most accepted goals have

failed because of the impracticability of some key element. The suc-

-cessful program considers all of the factors but puts special emphasis

on the factors where practicability is important.

The growth pattern of an Electronic Patient Information Control
system as outlined in this section puts great weight on the practical

considerations. In all cases the approach uses concepts and equipment

which are feasible today. No technological breakthroughs are required

at any point in the program.

A great cdeal of data collection and analysis will be required in or-
der to put clinical significance on each step and to.define the specific

information to be collected and anzlyzsd in subsequent steps. However,

the sysiem has been so laid out that the necessary analytical tools and

-4 - : P




equipment are available at each step to perform these functions with

ease and accuracy.

Another factor which has been given great consideration in the es-

-

tablishment of this growth pattern is the advantage accruing to the

user, not only as the ultimate system is approached but at every step

&

along the way. Such advantages are not restricted to improved medi-

cal care but also cover such mundane matters as economics and oper=-

Laah

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

. s

manner that at every step of the program the added cost of equipment
and specially trained personnel is at least offset by the reduced cost

of operations.

Before proceeding 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 undesirable to treat each and every step in the
program as being fixed. Changes in number timing and sequence of

-

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

The general plan is a three-phase approach toward the ultimate EPIC
system. The first phase includes a basic information processor and
some elementary applications, namely a Doctors' Orders Processor

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

phase would be put into operation as soon as possible.

The second phaze covers a gradual buildup of information included




in the system accompanied by 2 parallel and expanding program of data

reduction, ana.lygis and presentation. At the conclusion of the second
;)ha.se, all of the information which. is generated on every patient in the
l;ospital will berinlcluded in the system and will be subject to analysis.
The second phase will begin afier the first has been completed and is

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

matel.y three years.

The third phase covers an advanced information processing system.
The basic information processor inst#ilcd in phase one will continue
to be the central information processor with added capabilities.  This
taird phase will be built around analysis of complete patient information.
It fnust be recoznized that '"complete' patient information will be limited

tient was in that hospital. Even-

> 2
(&)
Lo

m

to information gained only while ¢
tually other sources of information will be factored into the system.
(Other hospitals, private doctors, clinics, military services, etc.)
This third phase will tie in historical patiént information with real time
patieat information to produce 2larm and action signals with added clin-
ical significance. The third phase will start shortly after i_:he conclusion

of the second phase and will continue into the undefined future.
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Step 1 - Doctor's Orders Processing January 1963

One of the most critical areas of patient information control is con=-

.

cerned with the carrying out of doctors' orders by hospital personnel.

These orders are usually written by the doctor for the nurse to review

and expedite. A great dezl of error derives from misinterpretation

and inadequate checking of these orders. It also occupies a tremendous.
A

amount of nursing time which could be better spent in direct patient

care.

The system proposed would have the doctor fill out his orders on a

preprinted form which would be sent to a central data processing in-

stallation. The data processor would then check the orders for com-

- .

- patibility with patient condition and standing instructions, and would

CQ

issue the orders to the various work stations (nursing stations, diet
kitchen, pharmacy, laboratory, X-ray department, etc.) at the time
a specific eleme=nt of work is required. The accomplished work order
would be returned to tae ccnt‘;‘c.l processor with the fact of accomplish-

-

ment or the reason for non-accomplishment.

.Such a unit can improve patient care both by more careful checking
and recording of what treatment the patient does and does not receive,
and also by increasing the amount of available nursing time by as rauch

as 20%. The central data processor also for:ms the basic unit for pro-

cessing 2ll of the additicnal medical information collected in later steps.

Ben i
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Step 2 - Alarm Monitor Spring 1963

Where the condition of a number of patients must be intensively moni-
tored over an esxtended period cf time, such as in ‘intensiVe care units
and'recovery rooms, ithere are two factors waich make it highly desir=
able to perform this function with as much automatic measurement and
analysis as feasible. The first factor is that the automatic analysis
permits the doclor %o define dangerous satient conditions directly and
have these dangerous conditions reported on 2-completely objective

basis. The second, and most imisortant, reascn is that the automatic

>
. device can perform this measurement and analysis frequently or even

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

fatigue or boredom.

The primary function of the alarm monitor will be the generation
of alarm signals which have been analyzed and annunciated in accord-
ance with the doctor's instructions. In addition to the alarm signals,.

records and displays are also generated as required.

P

Step 3 - Display Monitor _ Spring 1963

In addition to the Alarm l/oanitors described in Step 2 there are cases,

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

tient must be presented drectly to the doctor who will then perform

2 3 £ 1

any recuired analysis himsell, The basic purpose of the Display Moni-

o present this information to the doctor or team of doctors in

-

ot

tor is

-9" >. -
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the most readable and undexstandable Zorm, It also has the capability

of recordiang this information.

Step 4 - Digital Recording of Physiolorical Measurements Summer 1963

At the conclusion of Step 3 the hospital will have an elementary sys=-

-~

tem ior collecting information on treatments and tests made on the pa-

: .

)» a basic information processor which can be readily ex-

o+
¢
£
o
Rl
"
AL
o
S
i

panded (Step 1}, and a system for collecting physiological data on the

most critically ill patients in the hospit‘al (Steps 2 and 3). The next

logical step is to proviic a means for correlating and otherwise gnalyz-

: i
ing this treatment, test and physiological information.

The basic information processor can periorm 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 conversion system operating on ihe output of the physiological -
monitoring equipment. Information on treatments and tests performed
is already in the proper format from Step 1. After analog to digital
conversion all of the informatiion is assembled on magnetic tapé which

can'be searched, analyzed and researched as desired.

lication to improved

-

Some of this analysis has almost immediate app
patient care; for example, correlations between {reaiments and physio=-

logical measurements showing the rate and extent of response of the

patient to the particular treatment provided. nother example might _

« 10 - "
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be the quantitative comparison over a period of time of measurements

such as cardiac or respiratory arrhythmias,

Much more of this analysis has more general and longer term value
to improved patient care in its ability to provide additional information
for medical researchers. For example, in the evaluation of a new
drug or other treatment it is often desirable to make détailed obser-

vations of its effect on a number of patients. Analysis of this type of
‘
information would also find utility in determining the clinical signifi-

cance of new {ypes of physiclogical sensors as calibrated againgt exist-

ing types on a number cf patients.

Analysis of this data will be of most significant value in fairly basic
studies such as multiple correlations among the various measurements
and the establishment of standards Zor measured recovery patterns

from different types of {reatments.

Step 5 - Positive Pzatient Identification Late 1963

Before proceeding with any expansion of the scope of patient infor-
mation, some consolidation of the achieved gains must be undertaken.
The Doctor's Ordexrs Processor - Step 1, has provided a means for
the medical staff to maintain close supervision and control over the
ordering, distribution and admiﬁistration ci treatments a.ﬂd tests.' The

remaining principal source of error which this Positive Patient

Identification - Step 5, will alleviate is the improper identification

-1l - -
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of the patient for whom the treatment is intended by the unit personnel.

This Positive Patient Identification is based upon a characteristic

array or pattern which is peculiar to a given patient and which can be

'

Thic characteristic pattern will be

reccznized by a simple device.

the patient's wrist band and on all work orders and treatment

printed on

Sefore administering a treatment

packages intended for that patient,

to a patient, the person doing the administration will compare the pat-

“

tern on the wrist band to the pattern on'the work order by the use of

this Dhers sized device.

work order if and

Step 6 - Input cf Tabular

The device malkes a verification mark pn the

the patterns correspond,

ation-Phase I Early 1904

The next logical step in the growth of a patient information control

o

system is the inclusion and analysis of additional information in the

system. The £
report type of data

equipment used to collect

add speed and flexibility to some of the earlier functions.

T - -y
L4C Thana

irst such additional infor:

such as most clinical laboratory reports.

1ation will be the fairly simple
The same
this simple tabular data will also be used to

In particular,

:al transcription and mechanical transmission stages at the

input end of the Doctor's Orders Processor - Step 1 - will be supplanted

by the automatic remote input units required for th

Step 7 = Physiol

ogical Recor

is step 6.

ding of 211 Patients

Late 1964

S &

A second stage

in the expansion of the information to be included in

- 12 - v,
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The patient information control system will be the coliection of phys-
iological dat# from all of the patients in the hospital,” The scope of
physiological measurements made on 2ll patients in a hospital will al-
ways be less than the scope of such measurements made on critically
ill patients. The utility and value of such measurements to improved

medical care is, however, just as great.

Step 8 = Laborztory Instrument Recording Mid 19565

A

e

great deal of the information or f'matind in the clinical labora=-

o =]

©
b

torics is now being generated by automatic laboratory instruments.

~
>
This Laboratory Iastrument Recording - Step 8, will take the infor-"

mation directly from these instruments, relate it to the proper patient,

a.na‘yze it and include it 23 znother element of patient information.

-

Lazboratory Instrument Recording will find its greatest value when
applied to laboratories which do analyses for other hospitals and lab-
oratories in addition to their regular work. The requirement for high .
speed reportiing of results is of pararhount importance in this outside

work.

+Step 9 - Taput of Tabular Informotion-Phase II Mid 1965

In Step 6 some of the relatively simple elements of tabular data were

put into the patiexnt information contrel cystem. Included in this second
phase of inputting of tabular data are the more complex elements such

as medical histories, results of phyesical examinations, and the many

8 | e
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other types of stercotyped patient information generated within a hos=

pital,

tep 10 - Input of Textual Reports ' 1966

The finzal element of patient information incl uded in this growth pat=-
tern of an electronic patient information ccntrol system is the written
report. This will cover doctors' notes, nurses' notes, operation re-
ports, anesthesia reports, labor progress 'records, case summaries,
etc. The procedure in collecting this L; nformation will be to receive
the reports, usually in verbal form but oftea in wri ing, and manually
transcrme it into rnachine assimilable form. Eventually, it is ex-

pected that cirect voice-to-machine data transmission may be possible

but this requires a technological breakthrough which is probably some

A 1 - 2 - . y Z
Step 11 - Data Search and Retrieval Program 1966

At the conclusion of Step 10 - Input of Textual Records, all of the
information which is normally recorded about the patient.is now stored
in the necessary form for further processing a:nd analysis. At various
points during the process of collecting this ''total' information pack-
age, use has been made of the informatj.on at hand to cerive additional
specific information about 2 patient and also some general information
of value to the hospital and to the entire medical field. As the pack-

age of information becomes more '"total" the derived information on

- 14 - %
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a given patient can become more specific and the general derived in-
formation can have wider and greater value. However, at the same

time this "total" information package has become considerably harder

2 1

to search, especially for the gencral purpose applications. Some sys-

tematic means of finding information must be utilized.

This next step, the Data Search and Retrieval Program, will provide

such a systematic information finding {raction.

tep 12 - Electronic Record Storaze . 1967

At the conclusion ol Step 10, 2ll ¢ the patient information which is
required for analysis has been recordcd in computer fprmat, namely
on magnetic tape. At this point two protblems will appear which relate
-to the permanent storage of the patient information for medical record
purposes. The fizci is that of storage space. It is estimated that the
medical record {iles of a2 400 bed hospital are likely to increase by
about 1000 reels of magnetic tape per year., This is about the same
volume of storage space as if {he mfor:‘:.:*.t:.on had been recorded and

stored on paper. Microfilm would be undesireable because of the need

for machine searching the mediczl recoxrd files.

The second prcblem is storing those documents which are of a pic=-
torizl nature. These include such things as X-ray films, photographs,

legal documents requiring signatures, ctc. These cannot, of course,

be recorded on magnetic tape and would have to be stored in their ore-

&% Chet » : -
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Step 12 - Electronic Record Storaze will be able to solve both of
these problems by the use of thermoplastic film recording. This is a
newly developed recording process which can rec'ord both di;gital and
pic:brial information with extremecly high storage density. The' 1000
reels of magnetic tape per year would be reducea to about 5 reels of
therm.qpla.stic tape. This tape would be handled i;:: essentizlly the same
manner as the magnetic tape but it would bg able {o include 21l of the
pictorial information as well, The tape could be reread and the pic-

-

ca request.

-

(&N

torial data reproduce

Step 13 - Paticr: Mcaitoring Computer 1967

In the orizinal Alarm and Display Monitors - Steps 2 and 3, a cer-
‘tain amount of computing (rate and rhythm derivations, alarrh level
detection) was performed on a real time basis using analog computing
equipment. Having gained the operationzl experience with these basic
units it is poscible, at the time reccmmended for Step 13, fo permit
the mon:‘;toring to become more flexible. This would encompass such
improvements as multiple alarm levels {these might be Closer Super-
vision, Alzrt, Emergency), acceleration of recording cycles as a func-
tion of alarm condilions, more complex signal derivations (wave form
analysis, P-X interval, respiratory phase relationships) and many

others. .nalog computing equipment would be unsuitable for this level

- -

3

of flexibility anc;. complexity and digital computing equipment would be

in order.

- 16 - .
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Step 13 - Pztient Monitoring Computer will be an on-line digital com-

puter programmed to perform all of the mo n‘tormd, alarming and com=

puting elements required. Measuring, displaying and recording equip-

-~

ment installed in Steps 2 and 3 would remain unchanged.

ntity, separate and distinct from

0

The computer itself would be an

the basic data processor. In order to improve reliability of performance

ritical function it will be possible to switch the computing to

(o}
N
&
&
e
w
0

the central ba:ic data processor in the event of any malfunction in the
Patient Mornitoring Computier. This would, of course, Hold up 21l other
less urgent worlk which would normazlly be performed by the central -

1

processor until the monitoring system was put back into operation.

Step 14 - Information Feedback Zetween Central 1968
Processor and Patient foznitoring Computer

At about this time sufficient information will have been collected,
correlated, analyzed, etc., to be ablc to form some relatively simple
:.utomatié links between the patient monitoring system and the central
processor. For example, depending on the various types of patient
conditions and treatments, dilferent signals will Be computed, alarm

levels set, recording cycles programmed, etc.

In the opposite direction, alarm conditions detected by the meonitor-

ing computer may cause the cen rz.- processor to generate certain treat-

P

ment responses as preprogrammed by doctors' orders, or PRN's, or

- -

.
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Recommended
Installation Date

hospital standing orders. Also, current condition information as de-
rived from the monitoring computer may be combined with earlier in-
formation stored in the cent:al processor to generate more complex

alarms or other action signals,

969

e

Step 15 - Diagnogtic Tool

One of the mzjor accomplishments in the approach to an ultimate
EPIC system is ihe step wiich provides a system which can provide

direct assistance to the docior in his search for diagnostic information.

1

At about this period of time, the Diagnostic Tool - Step 15, can pno-
vide such direct assistance. Some of ihe assisting functions which
can be periormed are as follows:

Testing Hypotheses, The doctor states the patient conditions required

Qe patient can quickly tell him whether or not

£
o

for his hypothesis an
these conditions are present or whether it needs more information

about some condition.

Suggesting Possibilities. A little closer to the ultimate system and

requiring considerably more analysis is the ability to suggest to the

doctor the various possible diagnoses which are Present.

Suggesting Additional Tests. Given the capability to suggest possible

diagnoses, it would require relatively liitle additional work to sugpest
=) ’

further tests to elimminate or confirm certzin of the possibilities,
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nificant step beyond the suggestion

23 is the cotablishment of probabilities of each suzzes=

tion based on generzl incidence and the particular condition present.
-~ - .
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This section covers a description of the functions to be performed
in Steps 1, 2, 2 aud 4 of the Growth Pattern of an EPIC system as des-
cribed in the previous section. These steps cover the Basic Information

Droc\,ssor, Doctors' Orders Processor, Alarm Monitors and Display

Monitors.

Step 1 - Basic Informaticn Processor

The principal function to be performed by an EPIC system is Infor-
mation Control or Informaeation 'Drcce.»sm'~ While some of this Informa-
tion Cont:ol is performed at remote locations, such as at the Alarm and
Display Monitors, a large and rapidly increasing share of it will be
periormed at the ceantral processing installation. The initial applica-
tion on this Basic Processor will be Doctors' Orders Processing, but
as the scope of the system expands, au“.,.O‘xal Information Control

Functicas, as outlined in the Growth Pattern, will be added to the work

load of the Basic Processor.

The Basic Information Processbr is built around ;large scale general
purpose digital computer, specifically the GE225, which has found such
wide application in banking and in performing engineering 'calculations.
The GEZ225 information processor has been particularly cesigned for

installations with characteristics similar to the planned EPIC system;

-

that is, it has been designed for a wide variety of input and output

- 20 - - v




equipment and it has been designed to be expandable without modifica=-

tion.,

I'or example, the unit can accept input data from punched cards,
punched paper tape, keyboards, printed m;énetic'characters and mage-
netic tapes. It can put information cut in the form of punched cards,
punched papcr tape, high speed printed forms, typewriter pages and
magnetic tapes. The standard memory of the device i's high access

speed magnetic cores to which can be added magnetic tape, random

access magnetic discs, and additional rmagnetic cores.

The specific GE225 data processing system which will be used as
the ERasic Information Processor of the planned ZPIC system will con-

sist of 2 medium size memory central processor, magnetic tape units

.

for additional memory, punched card input and output equipment and

Doctors! Crders Processor

. el

All of the medical care provided to patients in hospitals is the re-
sult of specific orders writlen for each patient by a aoctor. The quality
of medical care provided by a hospital is largely a function of the qual-

ity of these doctors' orders and the completeness and accuracy with which

they are accomplished by the hospital staff.

The accomplishment of thcir orders is a team function carried out

by the entire hospital staff, Lut the ultimate responsibility for ensuring

- 21 - -




that these orders are carried 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 must check the original order as written

by the doctor, request the necessary support, both materizl and func-
tional, from the o.‘.ef departments of the hospital, supervise the ac=

complishment of these orders on the patient with delivery of the patient

to the department performing this function, and inally check on and

recoxrd the proper accomplishment of each and every order. The Doc-

tors' Orders Processor, as planned in % this EPIC system, will relieve

the nurse of some of the more routine of these functions, it will pro=-

N >
vice her with close support in the periormance of the others, and it

will provide an added safcty precaution on 21l of these functions.

1

rocessor is shown on the
1 order will be filled cut by the doctor on a printed
form. This will thea be sent {c the ceniral processor by paneumatic
tube. The addition of remote inzut staticns in Step 6 will permit this

information to be put directly into the system without the use of pneu-~

matic tubes. At the centrzal processor the original order is first com-

pared with hospital standing orders.and known patient condition to de-
termine compatibility., Any discrepancies will be referred to the
ordering physician for rechecking,

titer this step the order will be put into the mzin portion of the sys-

tem. The main output will e work orders for specific functions to be

-

- 22 - -
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carried out on a specific patient at a specific time. The processor
will prepare these orders, send them to the proper action location
(nursing ‘statiOn, pharmacy, diet kitchen, laboratory, etc.) shortly
before the action is required. Upon complétion of the required action
thé work order will be marked as being acéompiishcd and returned

to the central processor. Reports will be prepared periodically list-

ing work accomplished and remaining to be accomplished.

In addition to the work orcders, other reports, listings and schedules

will be prepared, such as caily worl schedules, appointment schedules,

patient treatment summearies, etc. LAlso, on receipt of each report of
A »
a treatment ox test completed, that fact can be released to the billing

and other business functions for pricing, billing, insurance breakdowns,

inventory control, etc.

Step 2 - Alarm Mcnitors

The primary purpose of the system is to activate annuncitors which
alert nursing perscnnel so that immediate and specific corrective care
can be given the "z2larmed'" patient. In addition, displays and records

are generated by the equipments to aid the doctor in his diagnosis and

provide data for patients' records and medical research studies.

Three types of equipment for three areas of the hospital will be fitted
with this equipment. They are a2 large unit (17 to 25 beds) for intensive
1 \ £

case=-recovery rooms, a medium sized unit {8 beds) for use on a portion

of an otherwise standard nureing unit, and a single bed mobile unit for

-24 - >
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use in the .obstetrical suite or in any bed in the hospital,

A number of sensors (8 in the large and medium units and 6 in the

portable unit) can be attached to the patients. The signals from these

4 -

sensors are amplificd to a standard ievel for system use. Additional

-
1

observations are performed on some oi these signals resulting in derived

functions such as rates, ~hythms, volumes and peak magnitudes. These

" r

sensors plus derived ciznals totzl 13 functions per patient for the large

-

and medium units, and 11 functicas for the zin~ls bed mobile unit.

-~

All of these functions are carried by ceparate wires to the required

. 'L

>
points of the svstem. All of these lines {functions) are alarmed by in=-
-~ \
dividual circuitry which includes an annunciator light, key operated

hizh and low alarm setting dizls, and key operated zlarm reset.
- ~ -

- 1yt ey oy S Ay ritae o 1a 3 31 - 3 -
An automatic typewriter alarm recorder will provide a typed copy

£ & - 3 Yoa 2 az. -~ A 2Aan+ 4l Aansd £ &
ol the eveat, inclucing time and idenillication oI the 2

arm and its reset.

-

The nurse will be required to manuzlly enter her identification and cor-
ective action taken. An edge punch card reader may be used for this
purpose.

-

For the large and medium sized units, an additional record asso-

ciated with the alarm events is that produced by the "fast" analog re-

corder (oscillogrzph)., An alarm

m as

v
v
5}

ociated with either EXG or res-
piration will initiate a short period of recording of the EXGC or respira-

-

tion wave shape. By the optional addition of a temporary signal delay

"'25- -
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unit, the signal for a short period previous to the alarm can also be
recorded. Such a '"fast" analog recording will be useful in de»ermin-

ing the cause c:’ the alarm.

Allof t e graphically recorded, The data

-

ot

the functions mzy also

L]

sampled and rate of sampling would be selected by the nurse per doc-
tor's instructions. A given chart could be removed and examined by
the doctor to determinc patient condition trends for the previous eight

hours without interrupting the plotiing of the o..‘mer paticnt charts. These

charts would later be filed in the pat ient's file.

The

(6]

same functions which are gxapkically recorded in the largde ar.d

S
medium sized units will also be digitized and numerically recorded on
tape, zionz with patient and fuaction code information. This data is
thus available for znalysis by the computer and curreat feedback to

the doctor Ior better patient care. A4lso, Il serves asa readily search-;

able data siorage for medical research studies, etc, This will be des=-

ribed in more detzil in Step 4 of this study.

The large and medium sized units have displays available on their
espective centrzl consoles and on 2 portable unit. The large unit has

displays also in'a doctor's anteroom. A selector switch for each dis-

._;
r.h

play device will connect it to ¢ ccired function. Oscilloscopes and

meters are 2t all locations, Iiespiration sound speakers arec at centr al
P

console and doctor's antercom. The doctor's anteroom is a.lso equ.pped

with an oscillograpi.

-27- -~




Step 3 - Display Monitors

The function of this equip*ne'ut is to provide data on the condition of

the patient to the operating team. Thiz is accomuh- :¢cd by a system

of sensors attached to the patient and by an organized display panel.

As such its intendcd usa

-

ze is in a four room operating complex serviced

* by a single cexntral control room and also in a single operating room or

delivery room. Additional outpuls of the equipment include "fast" and

1 3

"slow'" graphical records for subscquent study and for the patient's

record and numerical recordz suitable as input information into the

data processor. There are no alarm functions associated with this

4
equipment.

In order to keep the operating room as uncluttered as possible, only
sensors and ''clean" displays are located witl ain the operating room.
An overhead crane will be ubed to locate the equipment in the desired
position (including height)., . The diépla.ys will consist of (1) a 4 channel
oscilloscope, (2) six 3 dizit numerical display channels and (3) a TV
monitor for repeating informatiocn :';';'om the oscillographs and stri.p
chart recorcer at the centrzl console. i‘here lis one portable TV moni-
tor (large screen) that can be ceilipg mounted in any operating room to

provide extra digplay capabilities.

The design intention is to locate all equipment not directly concerned
with patient sentors and display at the central control console. This

reduces the bulk in the operating room for cleanliness and safety, places

828 .
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equipment that requires servicing (paper loading, adjustment, initial
function set.lp. etc. ) outside the opc"*tm" room, and is more economi=

cal of personnel and equipment,. Use o= closed circuit TV make this

practical.

The records procuced by the strip chart recorders and oscillographs
will be available for future analysis and patients' records files. Also,
all the information presented on the numcrical display panels are di-

gitally revc-;.,d on tape along wiih patient, function and operative pro=-

ital tape flie will serve as an input source

cedure information. T!
to the cdata processor. This operation is described in Step 4 of this
>

study.

M

The single operating roon"x equipment is functionally the same as
that for the multiple operating room complex. Since it is designed
for only or'u?' room, the use of closed circuit TV techniques are not as
attractive and are not used. Instead, the console will be located adja~-
cent to the'operating rbom so that records can be viewed through a

window.

Step 4 - Dipital Recording of Physiological I._,aS\.rs.ments

As noted previously, information which has been utilized in the moni-

toring systems will also be collected and recorded in a form in which

it could be earchcu, reorganized and anzlyzed by the information pro-

cessor. The equipment used to implement this step consists of collec-

tors, axal o-to-digital converters, and digital recorders. Much of

=

’
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NG
his equipment wiil be included in the central monitoring consoles and

it will thus be desirable to inclall this equipment with the original con-

) . * 3
sole,

The information thus recorded will go to the central processor which

will perform some preliminary reorganization to collect this informa-

tion by patient, by function and by time of measurement. At this point

the information is ready for detailed study and analysis by the medical

staff.

There is an infinite variety of uses to which the hospital may put this

information. Some of the classifications of these uses are as follows:

Field of Apnlication. Some of the analyzed information may re-

(N

late directly back to the patieat, such as response to treatment.

Some may relate ;:o the clinical operations of the héspita.l, such as

the number of cases of fibrillation alarms following certain treat-
ments. Some may havc.gene ral application to general medical science

in controlled experiments, such as the response of patients with and

without certain treatments.,

Scope of Analvsis, Cccasionally the information may involve
only a single variable. For exa.n“;ple. .trends in hearf arrhythmia
over a period of time. More often, the information will relate two

 or more variables such as the response to a par;icular treatment
2s a function of time, or the correlation of one v'ariable. as a func=-

tion cf another. third type of analysis will be a multiple

L:31i% | e




correlation of variables to probe causes and effects.

Purpose of Analysis, In many cases the analysis will simply be
to test hypotheses ox to look at some difficult information from an-
other dimension. Ia other cases the analysis will be more specific,

such as the establishment of standards for the operation of the equip~-

ment itseli, for the use of other treatments or equipment, or for

comparison with future tests planned on the patient himself. Another

urpose will be to test specific new druss or treatments, or equip-
-~

ment.in controlled tests. >
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:np sections have described in general terms the Growth

WPIC system and have given a functional description of

3 2nd 4 in this Growth Patiern. This section will describe

Steps 1

cedures necessary to imple~

-
-

(4]
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in more ST

ment Steps 1, 2, 3 and
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tep 1 - Basic Data Processor and Doctors' Orders Processor

In the following paragraphs Step 1 of a Patient Information Control
system is broken down into functional subsystems. These are not sep=
arately performed operations but form a continuous equipment run.

Input Processing Subsystem (2)

Printed forms for Doctors' Orders, admissions office, etc., Qduld
be deéigned to facilitate keypunching. Adjacent to each description would
be code numbers and blank spaces for indicating check marks, quantity,
time or other notation. To minimize ;a:‘i preparation, only the codes
and writtez data would be punched. TI:.'are would be no effort to segre-~
gate the various types of input data in the éEZZS system. In fact, cer-
tain of the input cards would be those previously i)roduced by the compu-
ter. (These were the cards sent to execute 2 Doctor's order, returned
with verification or ':_:-:planatory information written thereon for punch-

ing and re-entry into the computer.)

With a baitch 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 bring in card contents, would edit the input,
compare against hospital regulations, extract data from the computer
master file, do necessary comparisons and store the transaction at

the end of the other entries on a2 magnetic tape.

- 34 -




Any discrepancy during comparisons would cause a typeout of the

input entry with explanatory note for transmission to the originator

for his reconsideration.

For visual verification purposes, thc high speed printer would
produce a full readable printout of the input card contents and not

just a duplication of codes.

Cards needed for laboratories, kitchen, pharmacy, etc., to exe-
cute a Doctor's order within the "current time period'" (2 hours or
as deiined) would be automatically punched. Orders that are to be

repeated in future time periods would be stored on a magnetic tape

for later use. (See Subsystem B.)

3 would be translated into readable card printing by the

Card punching
#548 Interpreter before transmission to the "Action" station. High-

speed printer listings would be used to sight verify against original

forms.

Periodic Order Schedules Subsystem (B)

At a specified time prior to each "standard time period'' transaction
contents on magnetic tape would be processed through the computer and
thoce entries scheduled for the desired time period would be automatically

arranged as described below,

-

Records would be arranged chronologically for each nursing center

B
n
(&)
'd
H
b
4
o]
[ 1
13
O

£ the data would be produced. (This would give each
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.nursing center a listing of the prescritb:d orders for their patients.)

Records would then be rearranged by "action'" addresses {(such
s "Central Pharmacy", "Diet #3", etc.) and secondarily arranged
chronologically and by type of service, A listing for each "action"

address would be produced and a total for each ""type of service"

generated at the botitom.

In addition, punched cards would be produced for each "action"
addressee to be used as the officizl wo_.,.‘.g document and would
accompany medicines, diet, etc., and as desired 11ave blank spaces
to record nurses or zction a Cressce s'vc rification of actual acoom-=-

plishment or reason for nonaccomplishment. Such returned cards

and not the original order wcould be the basis for billing.

Patient Log Subsystem (C)

Processing of this subsystem would be scheduled for early morning,

» as for 5 AM. The transaction file on magnetic tape wbuld be auto=-
matically arranged into chronological order by patient number. It would
be printed out to give 2 log of the previous 24 hours and the prgscribed
events for the coming 24 hours. The printouts £§r each patient would

be distributed to the nursing stations.

A "historical" tape file would be mounted and the elapsed entnes
would be transferred to it with the program deleting data deemed non-

essential, The prescribed future entries would be retained for use.

S




Accounts Receivahla (D)

Periodically financial transactions on the transactions tape are auto=-
matically posted o the Accounts Receivable tape and desired printouts

obtained on a schecdile on short notice basis,

and

Inventory Control, Purchase Order, Accounts Parable Subsystem (F)

At specific times cduring the night, these subsystems would be run

using patiexnt transactions and master data stored in tape.

-

Cther Proiccts {

’

Ciher programs should be developed by Hospital Data Processing per=-

sonnel after operational date of January 1, 1963,

-

The following chart summarizes the planned equipment placement

for the alarm monitoring aystem.i

Standard sefxsors 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" systemv ch;nnels. Derived functions are those
c¢htained by analog computation on the basic function. This will involve
operations such as long and shoui term integration, ratio taking, peak

level detecting, voltage clamping, etc.
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(SUMMARY CHART)
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The blood pressure sensor will be a2 mechanized arm cuff. The oper-
ation of this cuff will be automatic, and the programmed: inflation and de=

flation 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 .hafness' that branches out to the various sensors. The harness
will contain electrical and pneumatic power lines as well as signal lines.,
Sensor ar:.plifi’ers are located in a wall unit at the head of the bed. Each

sensor signal (2 to 10 volis) is transmitted by a separate wire to the

central console. 3

For the 17 bed (expancable to 25) unit there will be a total of:
25 beds x 13 functions/bed = 325

individual alarm subpanels on the central console. Front mounted items
on these panels will consist of an alarm annunciator light; concentric
high and low alarm level set potentiometers with knobs calibrated in
terms of the function, i.e., mmHgz; 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 circuits, the computational and clamping circuit's need
for the derived functions are located in the chassis immedi.ately behind
the subpanel. These various alarm chassis will be pluggable and arranged
in groups of l3per 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 will be functionally identical with‘ the exception that:

8 bed x 13 function/bed = 104
alarm subpanels will be included, ?or{the single.'bed or obstetrical
ward unit there will be provisions for 11 alax;m subpanels. In addition,
there will be a single common alarm light located‘.outside the door of
the obstetric ward.

The "slow' analog recorders for the 17 and 8 bed unit will consist

of built in X-¥Y recorders with coded type {per function) for plotting the
functions versus time on a separate 8-1}/2 x 11 inch sheets for each
patient. Special graph paper, calibrated in time (0 to 8 houfs), versus
>
the various parameters, i.e., :man, will be used. Previous to load-
ing into *he recorder, the patient identification information and date will
be entered on to the paper: These curve sheets will be manually loaded
into their proper '"trays'. Automatic translation of these trays will
bring the desired 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
switches on the r;a:;Jective alarm subpanels. The point plotting rate is
such as to enable complete recording of every alarmed function in the
ward on a2 5 minute schedule., The»trays will be stacked in such a manner
as to be easily accessible to the doctor. Exa.miﬁation of any chart will

not interfere with the recording on the others. Twenty-{ive chart trays

will be incorporated into the 17 bed unit for the anticipated expansion

to 25 beds.
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The single bed, or obstetric ward, "slow" recorder will consist of

ab channel multzcoint strip chart recorder. Recording will be ona 5

second per point cycle.

All information that is plotted in the 17 and & bed unit "slow" recorder
is also numerically recorded. Shaft position digital encoders will be
ttached to X-Y plotters to provide the numeric function data. A digital
clock will supply date and time, and coded patient and function informa- -

tion W1h be availalle from a paper tape reader and plug board respec=-

tively. A paper tape punch is used to digitally record this data for sub~

~

sequent handling by the data processor,

-

A 4 channel oscillograph will be used for the 17 bed unit "fast'" re-

oy

cord. The 8 and 1 bed unit will each use a 2 channel oscillograph.

The oscillog:aph referred to in the summary chart for display in the

)

17 bed unit doctor's anetroom is a 2 channel instrument.

Step 3 - Display Monitors

The sensing components used in this equipment are the same as those
used in the above described Alarm Monitors. The 11 standard functions
related to EKG, respiration, tempeiature and blood pressure plus two
spare channels for handling the optional function are included. Signals
Irom the sensors will be processed at the central control console for.
display in the operating rooms. The equipment distribution is as

follows:
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The single bed, or obstetric ward, ''clow" recorder will consist of
a 6 channel multipoint strip chart recorder. Recording will be ona 5

second per point cycle.

All information that is plotted in the 17 and 8 bed unit "slow" recorder
is also numerically recorded. Shaft position digital encoders will be
attached to X-Y plotters to provide the numeric function data. A digital
clock will supply date and time, and coded patient and fu.nction informa-=-
tion will be availcule £ronr; a paper tape reader and plug board respec=-
tively. A paper tape punch is used to digitally record this data fo-r aﬁb.—

sequent handling by the data processor.

A 4 channel oscillograpﬁ will be used for the 17 bed unit "fast" re-

cord. The 8 and 1 bed unit will each use a 2 channel oscillograph.

The oscillograph referred to in the summary chart for display in the

17 bed unit doctor's anetroom is a Z channel instrument.

Step 3 - Display Monitors

The sensing components‘ used in this equipment are the same as those
used in the above described Alarm Monitors. The il standard functions
related to EXG, respiration, température and blood pressure plus two
spare channels for handling the optional function are included. Signals
from the sensors will be processed at the central control console fgr
display in the operating rooms. The equipment distribution is as

follows:
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Sinrle Operatinz Room

The cquipment needed for the single operating room display monitor

is much less than since only one room is required. In the single operat-

ot
pae

ing room the equipmen

o4 3 s the same 25 that of the multizle operating
room complex' excent no TV equipment ic required. szc control con-
sole will be located adjacent to and with window viewing from the operat-
ing room of the single 6 channel strip chart recorder and 2 channel

raph. Only a single 4 channel oscillograph and one 6 channel

numerical display will be required,

’

Step 4 - Digital Recording of Physiolorical Measurement

»
Most ci the equipment required to perform Step 4 will have been in-

stalled into the control consoles in Steps 2 and 3. T,his is necessary

in order not to interrupt the performance of the Alarm Monitoring and

Display Monitoring functions to install this addftionaleéuipment. Step

4 will complete the installation of the equipment and start the periormance

As notecd previbusly. the equipment consists of:

1. Information collection eguipment or multiplexers.

2. Information i&entiﬁcation equipment or encoders.

3. Analog-to-digital converters,

4, Digital data recorders.

Information will be gathered from 2ll of the monitoring sys;.:ems ex=
cept the mobile Alarma Ifonitor which is excluded by reas.on of size.

.

Each recording system will be self contained within each monitor console.
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