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Automatic Polynomial Approximation (SADOTI)

Entire Memory

Complete, using 1.7 Precision Floating Point Routine AT
Program requires 4 minutes 1k seconds to read in. Time
required for each problem varies with choice of Mode,
Option, and Parity, but is given approximately by

51

Time Required = [3i + 2=— (Number of Step II iterations)lsec.

The approximating polynomial of given degree which best
fits a given function in a given interval in the Chebyshev
sense is that polynomial of the given degree which has the
smallest maximum deviation from the given function in the
given interval. This program may be used to find, approxi-
mately, that polynomial of given degree which best fits
the given function in the interval [-1, 1]. The user may
specify the degree of the approximating polynomial desired
directly or, in Mode I, by specifying the maximum amoumt
of error which may be introduced in Step I, as described
in Section IIT below.

The two modes of operation are: ~

Mode I: This mode is used if the given function
is itself a polynomial of degree < 49 whose coefficients
are either given on the data tape, are left in the
machine from a previous problem, or are computed during
input by an interlude supplied on the data tape.

Mode II: This mode is used if the given function
is not itself a polynomial of degree < 49, Two
auxiliary subroutines, one to calculate the function
and the other to calculate its first derivative, must
either be supplied on the data tape or left in the
machine from previous problem.

In mode I, the preliminary approximating polynomial is
obtained by polynomial economizationg that is, by subtracting

multiples of appropriate Chebyshev polynomials from the
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given polynomial. TIn Mode II, the preliminary'approximating
polynomial is obtained by interpolationi that is, by evaluat-
ing the given function at selected points in the interval
[-1, 1] and then passing a polynomial through these points.

In either mode, the routine then uses a modified
Iagrangian interpolation process to find an approximation
to the given function in [-1, 1] which is of the same degree
as the preliminary approximating polynomial but which is
better in the sense that its extrema are more nearly equal.
This process is repeated until a polynomial' is found whose
extrema differ from each other by less than.l.eag whereupon
this is taken as the final approximating polynomial. If
the user desires to use some value other than lfzpfor this
End of Problem Test, he may change the End of Problem Test
Constant at A7 address 14 from "+1-1" = .0l to any other
desired value by means of a special "Dummy Problem" as
described in Section V below.
Numbers on the data tape must be punched in AT floating
point notation, and interludes and auxiliary subroutines
must be punched in SADOI notation.

MODE I
Problem Parameter l. No. A problem number which

identifies the problem but does not enter into the computa-
tion in any way.

Problem Parameter 2 . m. If ® (Problem Parameter L
below) = "+1+152", then the degree of the preliminary and

final approximating polynomials will be m.
This number and & together determine the degree
k of the final approximating polynomial P]fg (x) in the
following manner: Since the reduction in Step I from
Ai(x) to the preliminary approximating polynomial PE(X)
is actually accomplished by subtracting multiples of
successive Chebyshev polynomials Ti(x), Ti_l(x), cen

(x) from Ai(x), we can predict before the subtraction

Ty
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just what maximum error will result if the proposed
subtraction is carried out. Therefore, at each stage
of the reduction in Step I, the routine "looks ahead"
to see whether or not the proposed subtraction can
be carried out without making k less than m or the
maximum error greater than d. If this is possible,
the proposed subtraction is carried out, and the
whole procedure is then repeated until it is determined
that the proposed subtraction would violate one or
the other of the above conditions, whereupon the
routine proceeds instead to Step II. For further
details, see Section ITI, Mode I.

If the user wants k to be determined by m alone,
he should set & = "+1+152".

If, on the other hand, he wants k to be determined
by & alone, he should set m = "#.".

Note: If Parity (Problem Parameter 3 below)
= ",", then k may be any integer in the range
1<k< 49; but if Parity = "+2.", then k must be an
integer in the range 2 < k < 49.
Problem Parameter 3. Parity. If the coefficients of

all the odd powers of x are zero, then running time may
be cut approximately in half by setting Parity = "+2.7;
otherwise Parity must be set Equal to "+.".

If Parity is set equal to "+.", no assumptions
are made regarding the evenness of Ai(x). If Parity
is set equal to "+2.", the given polynomial Ai(x)
is assumed to be even, and the transformation y:x2
is used to replace the original polynomial Ai(x) of
even degree and the original interval of approximation

[-1,1] tal A, 1, () A7, ()
-1,1] by a new polynomial i/2(y » Where 1/2(y =
*

Ai/e(xg) = Ai(x), and a new interval of approximation

[0, 1]. Note that the transformation of Ai(x) is

ac%ually accomplished by deleting the coefficients
i i i i

a; ), a3( ), a5( ), coes ?i-l( ) of Ai(x), so that
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if we set Parity equal to ™2.", we must also have
@) _, @) - (1) _onpomoop
ai sy = a3 = see = ai-l = "+." or incorrect

results will be obtained.
Problem Parameter 4. é;}’ If m (Problem Parameter 2

above) = "+.", then 3, the maximum error permitted for the
preliminary approximating polynomial, determines the degree
of the preliminary and final approximating polynomials

as described above.

Problem Parameteriz. N. The number of subintervals
into which each of the intervals [-1, O] and [0, 1] is to be
divided for the purpose of locating the extrema of the error

}% »A}ﬁ  e « function. In most cases, an optimum value for N is k, the
¢ b~ jﬂ”\»g_ degree of the final approximating polynomial.

v _x v Lo The user should be careful to specify an N
g - sufficiently large to insure that all the extrema
/;i;J‘ ﬁiﬁ:fﬁk\%i\ will be found, but not so large that the computation

g p& time becomes unduly long. Too small a choice for

] kzc'ﬂm‘ N will cause the routine to hang up on an FF 222 Stop;

I7adl for a description of appropriate action in this case,

see Section IV below.
Problem Parameter 6. D. If D >0, only the regular

printout, consisting of the input data and the final
answers, will be printed; if D < O, then intermediate results
are also printed.
The regular printout consists of the following
three parts:
Part I: Problem Parameters 1 through 6.
Part II: This part of the regular printout.
depends on which option is specified by Problem Parameter
T below. Specifically we haves:
Option A-1. (1) The coefficients of Ai(x) read in
from the data tape.
Option A-2. (1) The coefficients of A, (x) read in
from the data tape.
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@)%, la, e

(3) The coefficients of A (x).
Option B-l. (1) The coefficients of A (x) left in the
machine from the last problem.
Option B-2. (1) The coefficients of A, (x) left in the
machine from the last problem.

@ I gy 12T

(3) The coefficients of AJ. ().
Option G-1l. (1) The coefficients of A (x) computed by
the interlude.
Option C-2. (1) The coefficients of A, (x) computed by

the interlude.

@ A R e

(3) The coefficients of Aj (x).
Part ITI: This part of the regular printout also
depénds on which option is specified:
Option A-1, B-1, or C-1. (1) The coefficients of Pf{(x).

(2) max IEf(x)[, min |E:fL(x)[

xe[=-1,1] xe[-1,1

GY I e )Ly,

T

Option A-2, B-2, or C-2. (1) The coefficients of P;‘:(x).

t2) max |Ef(x)|, min IE:S(X)

xe[-l 1] xe[-1,1

(5) By loy

If Problem Parameter 6 is negative, the regular print-.

(r )/Er-.l .

out is obtained exactly as described above, but in addition
between Parts II and ITI, the routine: prints out the co-

- o
efficients of each intermediate error polynomial Ei (X) or

E°J( (x) (omitting coefficients of odd powers of x
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if Parity=%2."), followed by a list of the extrema
o of .

(Xr’ E; (xr)) or (xr, Ej (Xr)) which it has found for

this polynomial.

Problem Parameter 7. The user may choose any one of

six options in Mode I. These are::
Option A-1l, "Regular” Option. Problem Parameter T consists
merely of the i+l coefficiemts of A, (x), where i < 49 and

(1) ;é 0, in order of ascending powers of x. All co-

efficients must be less than "+5+152".

The maximum total error in this option is given

by M.T.E. = max IEf(x) |.
xef-1,1]

Option A-2. Modified "Regular" Option. Problem Parameter

T is as follows:

(1) Polynomial coefficients in order of ascending
powers of Xe.

@) ™3+153"

(3) 6*, a new number which replaces the original 5.

This option enables the user to speed up the solu-
tion of a given problem, at some expense in the accuracy
obtained, as follows: The polynomial economization
process described in Section ITII, Mode I, Step I is
applied to A; (x) to obtain a preliminary approximating
polynomial A,j (x) of degree j, where j is determined by
m and &3 then the 8 which was originally read in as
Problem Parameter 4 is replaced by 5 . Then, instead
of going on to Step II, the routine applies the polynomial
economization process to A (x) to obtain a preliminary
approximating polynomial P]z(:; ) of degree k, where
k is now determined by m and & . The routine now pro-
ceeds to Step II to obtain the final approximating
polynomial to Aj (x) just as though Aj (x) were the
polynomial originally read in from the data tape.

The maximum total error in this option is given by
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Tyt xe[-1,1] 9

Option B-l. "Coefficients Alrealy in Machine" Option.

Problem Parameter T consists of the single number "+1+153".

Caution: If the Option B~1l problem follows an

Option A-2 problem, then the polynomial actually
approximated by the s®cond problem will not be the
A, (x) read in by the first problem but rather the

MTE._Z

polynomlal A (x) described under Option A-2. The
same would be true if the coefficients of A, (x) had
been computed by an Option C-2 problem or 1f an (Option
B-2 problem were to intervene between the problem
which originally furnished the coefficients of A, (x)
and the Option B-1 problem.

The maximum total error in this option is given by

M.T.E. = max |E§(x)|.
xe[-1,1]

Option B-2. Modified "Coefficients already in Machine"
option. Problem Parameter T is as follows:
(1) "+14153"
(2) "+3+153"
(3) 76*, a new number which replaces the original 5.
This option has:.the same effect aé Option A-2, in
that it first causes Ai(x) to be réplaced by an
approximation Aj(x) of degree j < i, after which the
routine proceeds as in Option A-2.
The max1mum total error in this option is given

o Fr s mx  (E )]

r=gel 1 xe[-1,1]
Option C-l. '"Compute Coefficients" Option. Problem

byMTE.-Z

Parameter T.consists ofs:
1) "+24153"
(2) "oo 866K"
(3)  An-interlude no more than 100 words long
which enters AT and computes, for degree i < ho, i+l
coefficients and stores them at A7 addresses 102k,
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1026, ..., 1024 4 2i3 stores Problem Parameter 8

at 1024 + 2i + 2 and ends with a machine language

"5 GUWOF" order. This interlude may use any Williams
Memory locations from 866 to 965 inclusive, any AT
index registers, and symbolic addresses without
restriction.

(&) ™26 866N"

After control is returned to the main routine upon
conclusion of the interlude, the main routine proceeds
exactly as in Option A-1 except that each eoefficient
al(‘i) is now obtained from A7 address 102k + 2r instead
of from the data tape, the last coefficient ai(i) thus
being obtained from 1024 + 2i and Problem Parameter 8
from 102k + 2i + 2.

The maximum total error in this option is given by

MoToE- = maX ‘Ei(x)
xe[-1,1]

Option C-2. Modified "Compute Coefficients” Option. Problem

Parameter 7 is as follows:

(1) " "+2+153"

(2) "o00 866K

(3) An interlude as described in Option C-1 above
except that the coefficients of Ai(x) at 1024 through
1024 + 2i must be followed by "+3+153" at 1024k + 2i + 2,
5 at 102k + 2i + &, and Problem Parameter 8 at =
102k + 2i + 6.

(4) ™26 866N

This option has the same effect as Option A-2, in
that it first causes AiCx) to be replaced by an approxima-
tion.Aj(x) of degree j < i, after which the routine
proceeds as in Option A-2.

The maximum total error in this option is given

by M.T.E. = Z; (r)/ar'l| + ma2[c ]IEg(x)l.
xel-1,1

Problem Parameter 8. T. The data tape (or, in the
case of Options C-1 and C-2, the list of coefficients at AT

=j+l|ar
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addresses from 1024 on) for all problems except Dummy
Problems must be terminated with either T = "+1+154" or.
T = "+24154". The only difference between these two is
that in the latter case the routine encounters an OF stop
before going on to the next problem.
MODE IT.
Problem Parameter 1. No. Same as Mode I.

Problem Parameter 2. m. Degree of preliminary and -

e

< Cﬂh
o~
Caution: Because of difficulties arising from the s gV

final approximating polynomials.

accumulation of round-off error, values of n > 30 are
not recommended in Mode IT.
Problem Parameter 3. Parity. Set equal to "+." for
Mode II.
Problem Parameter 4. 8. Set equal to "+." for Mode II.
Problem Parameter 5. Same as Mode I.
Problem Parameter 6. If D >0, only the regular print-
out, consisting of the input data and the final answers, will

be printed;s if D < O, then intermediate results are also
printed. .
The regular printout consists of two parts:
Part I: Problem Parameters 1 through 6.
Part II: (1) The coefficients of Pf(x)

(2) max IF(x)—-Pf(x)l,

xe[-1,1]

min |F(x)-Pf (x)]

xe[-1,1]
(3) Zero.

If Problem Parameter 6 is negative, the regular
printout is obtained exactly as described above, but
in addition between Parts I and II, the routine prints
out the coefficients of each intermediate approximating
polynomial Px(x), together with a list of the extrema '
(x R F(x - B (x)) whlch it has found in [-1,1] for

error function F(x) - P (x)



LOCATION ORDER NOTES PAGE1 KA 2
N Clear drﬁm
003K Put A7 Floating Accumulator ih
970-975
p) OOF 009TOF
009K
9 229F 509F From Dummy | Change End of Problem Test
Problem Constant at A7 address 14
10 2616F 88F
8s1L4r 8oooF
8J13F OOF
13 26T62F OOF Go to (203) to begin new problem
0016K Put A7 in 16-625
16 (A7)
00832K Set Symbolic Address (J1)
832 (g1) OOF OOF
00840K Set Symbolic Address (J)
8lko (1) OOF OOF
00852K Set Symbolic Address (N1)
852 (N1) OOF OOF
00866K Set Symbolic Address (N)
866 (N) OOF OOF
792 (Y1) 00792K Put Y1 in 792-831
00T750K BEGIN Program E
750 (200) JO430F 50 (200)| From . Record Program A on Drum at
SADOI 5632-5952
26 (Y1) 00563%2F
00320F 26999F
753 (200.5) JOU30F 50(200.5) From Record Program B on Drum at

L

SADOT

5953-6273
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Problem Parameter 7. The user may choose either of two .

options in Mode IT. These are:
Option A. "Regular™ Option.
(1) "™54153"
(2) ™00 650K"
(3) An auxiliary subroutine which enters AT,
leaves F(f), where f = (contents of floating accumulator)
and F is the function being approximated, in the floating
accumulator, and ends with a machine language "22 621F"
order.
() "oo TOOK"™
(5) An auxiliary subroutine which enters AT,
leaves F'(f), where f = (contents of floating accumu-
lator), in the floating accumulator, and ends with a
machine language "22 501F" order.
(6) "2 630N
These auxiliary subroutines must share Williams
Memory locations 650-T49 inclusive. They may use AT

index register b. and symbolic addresses without

0
restriction. '
The maximum total error in this option is given by

M.T.E. = max F(x) - P]fi(x)l.
xel[-1,1]

Option B. "Auxiliary Subroutines Already in Machine" Option.
Problem Parameter 7 is:

(1) ™5+153"
(2) ™00 650K"
( 5 ) 1122 6 3ON i

The maximum total error in this option is given by

M.T.E. = max |F(x) - Pi(x)l.
xel-1,1]

Problem Parameter 8. T. Same as Mode TI.

SECTION ITIT.
DETATLED DESCRIPTION MODE I.

OF 0D In Mode I, the function is given as a polynomial

Ai(X) = Z;:=0 ar(i)xr’ where i 5 ,-|-9 and ai(i) % 0.



A _l(x) = Ai(x) - a;
. (1)

N (ai(i) (1) 51

ot

(i)
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Step I. The Preliminary Approximating Polynomial,
2 (x).

First, the routine subtracts appropriate multiples of
the Chebyshev polynomials T, (x), T 5- l(x), cee, +le)
from A; (x) to obtain the prelxmlnary approximating polynomial
P © (x) of degree k, where k is determined by Problem Parameters
2 and 4 (m and 3) as followss

The routine first reads in the data for the problem
and checks to make sure that we do not have m > 1 or
lai(i)/Ei-lI > ®3; in either of these cases the routine merely
skips to the next problem. However, if bothm < i
Iai(i)/zi_ll < &, then the given polynomial

A, (x) = (1) (1)

= a . + 5 " ooo'. .
0 ag "X + + a,

(1) 4

is first reduced to a polynomial of degree i-1 by the formula
(1)

-l) X+ eee

. @) .
1(X) ( (1) (1) 0 ) + (a (i)_ _(')
2

2 )%t

where T, (X);Z t( ) 'is the Chebyshev polynomial of degree i.

Note that .since ti( 1) = 21-1 Ai (x) is of degree at most

i-1, and that since max (l 1(xll) 1
xel[-1,1] - oi-1 7

wWe can use

the approximation A; ; (x) ~ A, (x) in the interval [-1,1] with
the assurance that the absolute value of the maximum total

error thus introduced at any point in the interval [-1,1]

(@)

will be no greater thanl ‘. Note alseé that, from the
theory of Chebyshev polynomials, if any polynomial with

leading coefficient al( ) other than a (1) —3152 had been

subtracted from Ai(x) to give Ai_l(x), then the error
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introduced in the interval [-1, 1] by the approximation.

(1)

(x) ~ A, (x) would have been greater than at
i-1

some point in the interval [-1,1].

Now, 7 if m > i-1 or 1), @)
L @) 6) © a0 1
1 Rl Ia : a; i-1 éi-l |
l + |6 =1 |=—=1| + | - -{f> d, then we
ol i-1 21 -2 21-1 -21-2
(1-1) i-1(x)
cannot subtrackt a, ——=227 from A, . (x) without
i-1 21-2 i-1

obtaining an approximating polynomial A, , (x) which is
either of degree lower than m or has an error greater
than &3 therefore, in either of these cases, the routine

now proceeds to Step II.

L@, )
. , i i-1
If, on the other hand, m<i-landj|—=—1| + |== |
21-1 21—2
. T, '
(i-1) ﬂ{l from A, ,(x), to
21—2 i-1

< 8, we may subtract a i-1

obtain a polynomial of degree i-2:

(1-1) 1-l§x!

Ai-2(x) = Ai_l(x) - ay

21--2

- A, () - (1) 1(X) - (1) _, @) __1_:_1_(1_)_)

ol i-1 3y 21-1

B L@, @) o G-2)
Now, if m > i-2 or{] ;’.—ll"'l 1;_2 [+ i;§_3 |}

{_.i_la(i)h.,i_a (1), (1)_'_-_(3|+__|a (1)_, (1)_1:2_(2_
21—1 i 21-2 i-1 2l-l 2 3 -2 i o1 i-1

(al_l(i) . ai(i) t;]:il)) tzﬁ;—lg > & then we camnot subtract ai_2(1—2) -T—;—%—X—)
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from Ai_z(x) without obtaining an approximating polynomial
which is either of degree lower than m or has an error
greater than 83 therefore, in either of these cases, the

routine now proceeds to Step II.

a.(i) a, (1-1)
e o e
21-1 21-2

If, on the other hand, m < i-2 and {l

. (1-2) T
+ I—E:g—————l < 3, we may subtract a, (1-2) 1-20x) oo
21-3 - i-2 21-3

Ai—2(x)’ obtaining a polynomial of degree i-3:

1-2)Ti-2 (x
By 5(x) =4; () - ai-e(l )?-%

.

(1) _, (1) 54

) Ti-1(x)
i-1 i 21—1

21—2

.y T
= Ai(x) - ai(l) ;%é%l - (a

(1) . (@)

(1) _, @) ‘12

(1)_, (1) Ji-1
-la; 5 i 5i-1 - (ayy ey 5i-1 )
(i-1)
tip ]Ti-E(x)
A2 i3

This process continues until finally we reach a j such ”
(i-v)

that m > i-j or 1 Z T ] > B, whereupon the routine

v=0 o1-v-
takes k = i-~j and sets the preliminary approximating

polynomial P;(X) = A Clearly, the corresponding

irj(x).
error function Ew%x) is in this case a polynomial of

. QO (o} .
degree i, Ei(x) = Ai(x) - Ai-j(x) = AiCx) - Pka), which

is actually a linear combinafion of the Chebyshev polynomials
of degrees k+l through i. If it should actually happen

a.(i) T,
that Eg(X) = —-l—i-_-i:li}'{—)
2

must have exactly i+2 extrema of equal magnitude and

, then it can be shown that Eg(x)

alternating sign in the closed interval [-1,1]; namely
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one at x = -1, one at x = 1, and one at each of the i -

points in the open interval (-1,1) for which the derivative
dTiCx)
dx

is best in the sense that if 4Wi(x) is any other polynomial

vanishes. Furthermore, we know that this polynomial

of degree i with the same leading coefficient as E?(x), then

sup |E§(x)| < sup ,lﬂyg(x)[.
xe[-1,1] xel-1,1]
If, on the other hand, it happens that Eg(x) is some
linear combination of two or more Chebyshev polynomials,
it will, in general, not have the above minimal property,
and in this case it will be possible for us to find another.

approximation Pi(x) to Ai(x) such that the error polynomial

Ei(x) = Ai(x) - Pi(x) is better than Eg(x) in the pense that

E-(x)] < ES (x)].
iilf-l,l]l 1 0] i‘ép-l,u' 16l

How the routine obtains this improved approximation is

described in Step IT below.

Step II. The Final Approximation Polynomial, Pli ().
In Step II, we compute the coefficients of the polynomial

d
a Bi(x)

N .
= from the coefficients of Ei(x), solve for the roots

s o
o & éxx in [-1,1], evaluate Ei(x) at each such root and

at points x = -1 and x = 1 to get the extrema of Ei(x) in
[-1,1]. If the number L of such extrema is less than k+2,
the routine encounters an FF222 stop (see FF Stops below).
If'e.z k+2, the magnitudes of these extrema are compared .
with each'other. If these differ._among themselves by
less than.l.@b(this value can be changed by means of a
special "Dumﬁy‘Problem" as described in Section V below,)
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A
then we take PO;K (x) = Ai x) - E, (x) as the desired final

approximating polynomial Pi (x) of degree k to A, (x), print
out this result, and go on to the next problem.

If the extrema differ among themselves by more than
19, , the routine attempts to find a polynomial E ( )
which is better than E (x) in the sense that

(g
sup IE:_L +1(x)| < sup
xe[-1,1] xe[-1,1]

To do this, it rejects the smaller (and hence less important) -
of these extrema until only k+é of alternating sign remain,
and then finds an approx1mating polynomial AE (x) of degree
k to ED( (x) such that when AE (x) is subtracted from E (%),
we o'btaln a new error polynomlal E +l(x) = E; (x) - Aﬁ;(x)
°<+1( |
"~(x) also has k+2 extrema in [-1,1] of alternating sign,
but corresponds to a better approximating polynomial PO( +l( )
since its extrema in [-1,1] are more nearly equal than those
of E (X) As a result of this process, therefore, we know

that we must have
o 41
(x

sup | )| < sy
xe[-1,1] xel[-1,1]

and that we should actually have

sup  |E +l(x)|<sup EASIE

xe[-1,11] xe[-1,1]
There are, however, three problems involved in finding

<41 g s .
E; (x): (1) finding the roots of the derivative polynomial
X

E.
d—dX:L—(X—)- in [-1,1], (2) choosing which of the extrema correspond-

ing to these roots and the points x = -1 and x = 1 to reject
if there are more than k+2, and (3) using k+2 points to
determine a polynomial of degree k.
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The first of these problems is solved by computing

. ()

at the 2N+l points defined by x = sin(— E): -1,

2
X = sin(— (-1) 1), X = sin(— (N-2) x N-1 =

N5 T 5), cooy X = 51n( T 2)

and x = sin -g— = 1 (or, in case Parity = "+2.", the N+l

. . 1l x T
points defined by x = 0, x = 81n(N 2) X =c§ 5), .

%D—'

X = S1n(—§— §) X = sin g = 1); then, starting at the left,

we test to see whether or not the derivative changes sign

between each two successive points. (The points X = sin(li E)
J

were chosen instead of x = ¥ * because: the former are dis-
tributed in [-1,1] more nearly like the roots of d Tk(x)

ax
than the latter). If the derivative has the same sign at

both endpoints 2; a particular interval, it is assumed that
E,

a i (x)
dx

we pass on to the next interval. If it does not have the.

no root of lies between these two endpoints, so

same sign at both endpoints, however, then the routine enters
a root-findingagubroutine which locates at least one root,
say X, of ——;%ifl in the glven interval. The value of the
corresponding extremum, E, (x ), is now computed and its

sign is compared with that of Ei(xr-l)’ the last pre-
viously computed extremum. If the signs are the same,

then the extremum which has the smaller magnitude is dis- .
carded, but if the signs are dlfferent then ﬁ((x el ) is
added to the list of extrema of E, (x) and Ex(x ) replaces

E (x ) in temporary storage, ready to be compared with

Exﬁ(

r+l %5?5 process clearly insures that the list of
extrema of E; (x) so obtained will be of alternating sign

in [-1,1], and further, if N is sufficiently large, none

of the extrema will be missed. Note that the extrema which
must be found in the limit are the k+2 for which the function

assumes its largest magnitude. Since these alternate in
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sign they should be fairly well separated.
The second problem is solved as follows: Let the list

o
of extrema of E, (x) found by the above process consist of

the values M;‘_ = lEvf(xl)I, M2 = lE (Xzﬂ cee, Mj\ lE (X/\)I

(1) Ifp = k+2, the routine proceeds 'bo (2) 1t 0= k+5,
the routine rejects the smaller of Ml and Mf (if Ml Mo/(\ s
it arbitrarily rejects M% ) and proceeds to ).

If’[\> k+l, the MJ s are arranged 1nto C pairs as
follows° There are © -1 pairs (;41 )s 2, v )y ecoy

X
(P(L\ 10 VP ) given by the formulas;z = max(M M +l)
o Ko s
and vy = min (Mj R Mj +l) , and one pair, (}1/\ R V/\ ) given by

A of o o(
ﬂzL\:max(M@,Ml)ande-mln(M Ml)

The routine now rejects that pair of extrema having
the smallest v? , except that if two or more of the pairs\
have equal vd 's, it then rejects, from among those with
equal v "‘ 's, that pair which has the smallest ,u ;3 or, if

two or more of these pairs have both v?

amd)1 equal the
routine rejects the leftmost pairi i.e., the pair correspond-
ing to the smallest values of x. Now, f\is replaced by

7? -2 and the routine goes back to (1). Clearly, the al-
ternating sign property of the extrema 1s preserved by

the above process, since the extrema are rejected in consecu-
tive pairs.

(2) The third problem is now solved as follows: although
it is not possible in geheral to pass a polynomial of degree
k through k+2 points it is possible to determine a number h
and a polynomial of degree k such that the residual of the
polynomial with respect to each of the points is equal to
+h or -h and such that the residuals alternate in sign.

Accordingly, the routine first determines the number h

by setting the (k+1) st dividéd difference of the points
23 X P8
(Xl) Ei (Xl) + h)’ (X s Ei (X2) = h)} *e°y (X'K_I_g’ Ei (X k+2)

+ (—l)k+lh) equal to O, which gives



- 18 -

<
§+2 E, (x ) k42
"‘1 ( j X (X‘X- )
p = - = where n'(x_) = lim —T———Y—id -
) r-1 g r’ X =X X-Xr )
k+2 (-1) =S

r=1 =’ (Xr)

(x - xl) vee (%= Xr—l)(x - Xr+l) ees (x - Xk+2)'

Having found h, it now finds the coefficients of the k--E-}-1

degree polynomial which passes through the k+1 points
X 7 <
ryp B Gey) + B)y oo G5 4gs By G5 ) + (1))

by means of the formula

AE‘; (x) =ﬁ(zl(x-x2) + 22)(x-x5) + 25] (x-x&) + oees + Zk} (X—Xk-+l) HES T

where

2y g = EpGey )+ (1) n
4
B (x, ) + (1) 7n B ) (-1)%
. .. -Zl‘f =' b‘ - X 41) Gy ™ *x)
B B ) B (g ) ¢ (U
Z, = “'(Xl) + Tx,) cos = (Xk+l

Tt will be noted that each 2 is exactly the (k+l-jJ )E
e
divided difference of the p01nts (xk 4137 E; (Xk +l J) +

(5, eery (op s B Gy ,y) # (-1)50 0

and also that this formula is actually equivalent to the

Lagrangian interpolation formula:
‘I<:+l
« ; (xx))
AE(x)- R EREICSE: (XX)K 5

but has the advantage that it can be evaluated using only k
multiplications instead of the ke requited by the Lagrangian
formula.

Havipg thus obtained the coefficients of the polynomial
AEi(x), we now compute the coefficients of ED: +L (x) = Ej(x) -
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o, . , o
AEk(x;) and go back to the beginning of Step II, with
replaced by its new value'?® +1.

MODE IT
In this mode the function to be approximated is
specified by means of auxiliary subroutines for F(x) and
d F(x)

dx
coefficients.

instead of being a polynomial specified by its

Step I. Afterethe prdblem parameters and the auxiliary
subroutines have been read in, we do not subtract off
Chebyshev polynomials from the given function as in Mode I

but instead set k = m immediately and compute F(x) at the
. k k-2 %
k+1 points X = - 51n(k+l 2) X, = - Sln(k+l 5)s coe s

k- k
x, = Sln(k+l 2) X Sln(k+l 2) then obtain P Cx) as

the polynomial which passes exactly through the k+l(=m+l)
points (xl, F(xl), cery (xkx+l’ F(xk+l));

Step II. We now proceed as in Mode I, Step II, except
that our error function ﬁx(x) = F(x) - P:(x) is no longer
necessarily a polynomial and therefore is given at a
partlcular value of xX.as the difference of two functions

F(x) and P Cx) which are evaluated separately. “Alsog,

d E (x) C 4 F (X) d F(x)
x is given by subtracting dx from X 5 where

the two derivatives are also evaluated separately. . Except

for this difference in the method of computing E (x) and

d
Q_%Eﬁﬁl , however, the procedure for Mode II, Step IT is
exactly the same as for Mode I, Step II.



LOCATION ORDER NOTES PAGE 2 KA 2
Tk 26 (Y1) 005953F
00%20F 26999F
(201)  JO430F 50(201) From SADOI Record Program C on Drum at
6274 -650k4
26 (Y1) 00627T4F
00320F 26999F
(202)  JOL30F 50(202) From SADOI Record Program D on Drumr at
6595-6915
760 26 (Y1) 006595F
00320F 26999F
(203)  50430F 50(203) From SADOI, Playback Program A
2(28.6),(28.8),
26 (Y1) 005632F (64.6)
00%20F 26626F Go to (7.004) to begim first
problem
(204)  50430F 50(20k4) ?rom6§71.57), Playback Program A
T2,
26(YL) 005632F
OOF OOF By (71.56), (overwritten after Read-in of
(26) Program D) Go to (27.1)
(205)  50430F 50(205) From 2(23) Playback Program B
26(YL1) 005953F
770 00320F 26626F Go to (28.5) for first itera-
tion of Step II
(206)  50430F 50(206) From 1(71.55),|Playback Program B
(126),3(26.2)
26 (Y1) 005953F _
(207)  00320F 50(207)
OOF OOF By (71.55), (overwritten after Read-in of
(30.10) Program D) Go to (30.05)
(208)  50430F 50(208) From (42.62) |Playback Program C
26 (Y1) OO62TAF
00320F 26430F Go to (42.65) to continue Step II
(209)  50430F 50(209) From (71.02) |Playback Program D

780

26 (Y1) 006595F

00320F 26430F

Go to (7L.5) to continue Step)

11
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Section IV STOPS
2V Stops
I. Control Panel: 20 272 Program: (7.004) 20 (7.00k4)
50 272 50 (7.00k4)
273

This stop signifies that the routine has completed the
current problem. A Biack Switch Start will now cause the

routine to go on to the next problem.

II. Control Panel: 2k 021 Program: 1(210) 24 33F
26 272 26 626F
30F

This stop was included so that the operator could run
an Option B-l or B-2 problem without re-running all of the
Option A-1 or C-1 problem which originally specified the
coefficients ar(i?
after all the ar(l) have been read in (Option A-1) or
computed (Option C-1). A Black Switch Start will now cause

. Therefore, the stop occurs immediately

the routine to continue the Option A-1 or C-1 problem,

whereas repositioning the data tape to the beginning of an

Option B-1 or B-2 problem and White Switching will cause

the routine to run the Option B-1 or B-2 problem using the

coefficients Ai(x).

IIT. Control Panel: 24 1JJ Program: (71.7) 24 (71.78)
22 133 22 (7L.78)

1JJ

This stop was included so that the routine could be
made to execute extra Step II iterations even though the
End of Problem Test has been satisfied.

If the extrema do not satisfy the End of Probiiem Test,
no stop occurs, and the routine automatically goes on to
compute a new error function E +l(x). If the End of Problem
Test is met, however, a Black Switch Start at this point
will cause the routine to finish the current problem and
go on to the next. A White Switch Start, however, causes

the routine to execute an extra:i Step II iteration followed
by another 24 1JJ stop.
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The routine may be made to execute as many extra itera-

tions as desired by White Switching once for each extra

iteration.
OF Stops
I. Control Panel: OF 000 Program: (28) OF F
26 272 26 (7.004)
OFF
Control Panel: OF 000 Program: (28.8) OF F
26 21K 26 T62F
27K

One or the other of these stops occurs at the end of each -
problem having Problem Parameter 8 = "+2+154". A White

Switch start will cause the routine to go on to the next

problem.
EF Stops
I. ‘Control Panel: FF 220 Program: (9.5) FF ShhF
26 272 26 (7.00%)
297

This stop signifies that the number i of polynomial
coefficients read in or computed is impossiblej that is,
either i < 0 or i > 50. Repositioning the data tape to
the beginning of the next problem and White Switching will
will cause the routine to go on to the néxt problem.

II. Control Panel: FF 221 Program: (64.6) FF 545F
26 21K 26 (203)
23L

This stop signifies that the number of extrema .of
ﬁd(x) found in [-1,1] is greater than 51, which is impossible.
A White Switch start will cause the routine to go to the
next problem.

III. Control Panel:: FF 222 Program: (211) FF S46F
20 2JK 20 T30F
310
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If the routine finds fewer than k42 extrema of Ea<(x)
in [-1,1] during an iteration of Step II, it first prints
out the coefficients of E‘é(x) and the extrema it has found
if D > 0, and then comes to an FF 222 stop because at
least k+2 extrema are needed to determine a new error
function E°(+l(x). The operator should now set the Black
Switch to Obey and execute a White Switch start. A Black
Switch start will now cause the routine to go on to the
next problem, whereas a second White Switch start will cause
the routine to replace N by N+10 and begin a new search
for the extrema of Eal(x):in [-1,1]. If the number of
extrema found using the increased value for N is now greater
than or equal to k+2, the routine will dontinue on and finish
the problem just as though no stop had occurred except
that N has been replaced by N+10 for the remainder of
the problem, If, however, the number of extrema found is
still less than k+2, the routine will again stop on the
FF222 order; and, just as before, the operator may c¢ause
the routine either to go on to the next problem or to re-
place N+10 by N+20 and begin still another search for the
extrema of EQL(X) in [-1,1].
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EXAMPLES.

The following seven examples illustrate how to prepare
the data tape for and interpret the output from this routine.
Under "Data Tape", Problems 1 through T are listed in order,
just as they appear on the data tape. We note first that
Problems 1 through 6 all have T = "+1+154" and Problem 7
has T = "™2+154"; therefore, if no failures occur and the
Black Switch is set to Ignore, the routine will process all
the problems one after the other, finally coming to an OF
stop at the end of Problem 7. Looking first at the input
data for Problem 1 under "Data Tape", we see that (1) the
degree k of the preliminary and final approximating
polynomials will be 4, since m = "44." and & ="#1+152",

(2) Parity = ™+.", (3) N = "+4.", (4) intermediate results
will be printed since D < 0, (5) the function which is to
be approximated is the polynomial Ai(x) - 20 and (6) option
A-1 is to be employed. Turning to the output data for
Problem 1 under :"output", we first see Problem Parameters 1
through 6 printed to 22 decimal places with a space after
the first 11 places, and then the coefficients of the
polynomial Ai(x) = xlo in order. Next we see the coeffi-
cients of the error polynomial E(x) = —.0705125+l.05h6875x2 -
l.875xLL + xlo corresponding to t;e preliminary approximating
polynomial Pf{ (x) = .0703125 - 1.05&6875;:2 + 1.875;:lF and a
list of the seven extrema (x_, E‘l’ (x.) of E: (x) in the
interval [-1,1], which are (-1, + .10938), (-.88508, - .099722),
vesy (41, + .10938). Next come the coefficients of Ejl'(x) and
its extrema in [-1,1] followed by the final approximating
polynomial, which is, to eleven significant figures, the
polynomial Pi(x) = +.091732763537 - 1.21&526710&:2 +
2.0508611837;:1’, and Dby mir[1 L] IE:f.; (x)| = +.092405942516,
xe[-1,

i a
r
mx |BL (x)] = + 091752763537, and Y g1 = #2097
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Looking now at Problem 2, we see that it is an Option
B-1 problem and therefore finds an approximation to the
polynomial A (x) = 10 left in the machine by Problem 1.
This approx1mat10n will be of degree 4 as in Problem 1,
but this time we have Parity = "+2.". The answers of
Problems 1 and 2 are seen to agree to about 20 decimal
places, which is about the accuracy to be expected with

routine AT.

~

In Problem 3, we again approximate Ai(x) = xlo by a

polynomial of degree 4, using Option C-1, with results
that are identical to those obtained in Problem 1 excepﬁ
that intermediate results are not printed. Note that the
"11+154" at the end of Problem 3 is not read in by the
main routine but is read in by the interlude and stored
at AT address 1024 + 2(10) + 2 = 1046 for later retrieval
by the main routine.

Looking next at Problem 4, we notice that m = "+."
and & = "+.1095"; we will therefore approximate Ai(x) - xt0
by a polynomial whose degree is such that an error no
greater than ® = .1095 is introduced in Step I (See Section
III). The required degree turns out to ?e 4, as we should
have expected from the fact that Zﬁ l = - l - + .109375,
and the results are again identical to those obtained in
Problem 1.

Problem 5 is an Option B-2 problem which first approxi-
mates the polynomial Ai(x) = x° by a polynomial Aj(x)
whose degree is such that an error no greater than
® = .00196 introduced in Step I3 that is, by the eighth
degree polynomial A, (x) = .001953125 - .09765625x2 +

78125};lL - 2. 1875X6J+ 2. 5x8. A (x) is then approximated
by a polynomial P (x) whose degree is such that an error
no greater than 8 = 0976 is introduced in Step I.
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Problem 6 is a Mode II, Option A problem. The two

auxiliary subroutines calculate F(x) = 0 and Frix) = 10x

9
respectively whenever entered by the main routinej the
results agree with those obtained in Problem 1 to about

six decimel places. (Although one would not normally use

" Mode IT to find an approximation to a polynomial of degree

< 49, this has been done in Problems 6 and 7 for purposes
of illustration).

Next is a Dummy Problem which has no effect other than
to change the End of Problem Constant at AT address 14 from
its normal value of "+1-1" to "+1-5". The End of Problem
Constant will remain equal to this new value until it is
changed again by means of another Dummy Problem.

Finally, Problem 7 is a Mode II, Option B Problem.

- The auxiliary subroutines left in the machine are used to

calculate F(x) = £ and F*(x) - 10x°. As can easily be
seen, reducing the End of Problem Test Constant has caused
the routine to make one more Step II iteration than in
Problem 6, and thus to find a better approximation to xlo

than in Problem 6.

DATE October 17, 1961
PROGRAMMED BY ( {, .
APPROVED BY




+l.
+14+154

+2.
+h.
+2.
+14152
+4.
-1.
+1+153
+1415k4

+3.

+h.

+e

+1+152

+k4.

+1.

+24153

00866+

(1) 22(1) 50(1)
2616F O+10F

(2) 8+F 0-1024F
02(2) 8+1F
0-1024F OL2F
88F 0-1024F

83 (3) OOF

(3) 22649F OOF
26866N

+1+154

=26 -

DATA TAPE

Problem Number (=1)
m

Parity

o}

N

D

A (x)

T

Problem Number (=2)
m

Parity

o)

N

D

Setect Option B

T

Problem Number (=3)
m

Parity

D

N

D

Select Option C

Enter AT3 b,: = (-10, 0)

Store O at 87 addresses 1024 - 1042

Store 1 at A7 address LOWk4

Read T from data tapej store T at

AT address 1046
Leave AT
Return to main routine

thterlude

T



+h.

+.

+e
+.1095
+10.
+1.
+1+153
+1+154

+5.

+.

+e
+.00196
+10.
+1.
+1+153
+3+153
+.0976
+14154

+6.

+4.

+.

+.

+h.

-1.

+5+153

00650+

(1) 22(1) 50(1)
2616F 8-698F
O0+10F 8+1F

(2) 87698F 03(2)
8J(3) OOF

(3) 22621F OOF
00700+

(&) 22(%) 50(%)
2616F 8-698F
0+9F 8+10F

(5) 87698F 03(5)
8J(6) OOF

(6) 22501F OOF
22 630N

+1+154

+e.

+.

+.

+.‘

+.

+.
54153
009+

- 27 -

Problem Number (= 4)

.m

Parity

d

N

D.

Select Option B
T

Problem Number (= 5)
m

Parity

3]

N

D A
Select Option B
Select Option B-2
8" .
T

Problem Number (= 6)
m

Parity

3

N

D

Select Mode IT

Enter AT73 store (£) at AT address 698

compute [ (f)]lo
Leave AT
Return to main routine

Enter AT7; store (f) at A7 address 698
compute 10 [(£)]

Leave AT :
Return to main routine

T

Dummy Problem
Changes A7 address 14 to "+1-5"

Auxiliary

[ Subroutines



269N
+1-5

+7.

+h.

+ L]

+h.

-1.
+5+153
00650+
22630N
+2+154

- 28 -

Problem Number (= T7)
m

Parity

s}

N

D

Select Mode II

Option:B
T



Problem 1:

+ +

o+

+ 4+ 4+ + 4o+ 1+

+ 4+ 4+ 1 4

S+ F A+ F

10000000000
00000000000
40000000000

000000C0C000
00000000000
00000000000
00000000000
00000000000
10000000000

70312500000

10546875000

18750000000
00000000000
00000000000
10000000000

10000
88508
5392k
00000
5392k
88508
10000

L s e

|

\J1
HoOoOOWUWOoO oo

+ 4+ +

91732763537

00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

+ 10938 +
« 99722 -
+ 79911 -
- 70313 -
+ 79911 -
- 99722 -
+ 10938 +

51728446231

12143267108 00720034572

20308611837
00000000000
00000000000
10000000000

10000
89325
55713
54365
55713
89325
10000  +

91732763537
12143267108
20308611837
00000000000
00000000000
00000000000

92405942516
10937500000

o+ o+ o+
o
HOOOOOH

25685465616
00000000000
00000000000
00000000000

+ 91733 -
- 92356 -
+ 92406 -
- 91733 -
+ 92h06 -
- 92356 -
+ 91733 -

51728446231
00720034572
25685465616
00000000000
00000000000
00000000000

8537403004k
00000000000

- 29 -

00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

57142774630
72373388171
00000000000
00000000000
00000000000

5712774630
72373388171
00000000000
00000000000
00000000000

+ 91732763537 51728445977

OUTPUT

+ 1 + 40000000000
-155 + 10000000000
+ 1 - 10000000000
-155 + 00000000000
-155 + 00000000000
-155 + 00000000000
-155 + 00000000000
-155 + 00000000000
+ 1

- 1 + 00000000000
+ 1 + 00000000000
+ 1 + 00000000000
-155 + 00000000000
-155 + 00000000000
+ 1

0

1

1

1

1

1

0

- 1 - 13203456937
+ 1 + 45607430253
+ 1 + 00000000000
-155 + 00000000000
-155 + 00000000000
+ 1

1

1

1

1

1

1

1

- 1 + 13203456937
+ 1 - 45607430253
+ 1 + 00000000000
-155 + 00000000000
-155 + 00000000000
+ 0

-1

+ 0

+ 1

4152

+ 1

-155
-155
-155
-155
-155

-155
-155
-155
-155
-155

- 19
- 19
-155
-155
-155

- 19
- 19

155

-155
-155



LOCATION ORDER NOTES PAGE 3 KA 2
781 [(210) 871(210) 83666F From (9) %eage AT, Go to1(210); Go to
11
2L 33F 22626F Stop if Obey, Then Bl. Sw.
goes to (210), Wh. Sw. to (7.004)
(211)  FF546F 20730F From (26.1) FF2223 Wh. Sw. once, Stop if
Obey
784 OOF 22721F Then Bl. Sw. goes to (27), Wh.
Sw. to (26.1)
00626K BEGIN Program F
626 |(0) 001F 50(0) From SADOI
2616F OKLF Enter AT; by: = (-4, 0)
(0.01) 88F 0s(J1) Read U4 constants (+5+152, +50.
+1., +5+153)
03(0.01) OKSF
630 |(0.02) 88F 08982F Read 5 constants (+68-20, +2.,
+1.57076268, - 6432292 ,+,0727102) 3
03(0 02) 88F Read Chebyshev Print Constant
8s2(J) 88r Read End of Problem Test Constant
8s14F 852(J)
80k (31) 82(0.1) F: = Chebyshev Print Constant
(0.1) 8KF 832(J)
8KF OK52F F: =03 b0:=(-52, 0)
(1) os(w) 03(1)
OK1F 812800F F: =1, Refer to bl; n s = 2800
8s () 8s52(N) téD):=l; ﬁil):=l
640 1S4090F 1Sk092F téo);=1; t£l):=l
2KokF 87(1.1) b2:=(-24, 0); Leave AT
(1.1) 22(1.1) 50(1.1)
2616F 8K2F
@) 8s(s) 8L(N) From 2(7) oi-l. o
83 (N) 3KLOOOF téi):= - téi-2); b5:§(-lOOO,O)
646 | (3) From 1(7) 3 b5:=(0,0)

93(3.1) 3KF

3

-1



Problem 2:

O S S S S

NN T T T S B

R T T T S S S S e S e B A

20000000000
20000000000
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000
10000000000

70312500000
10546875000
18750000000
00000000000
00000000000
10000000000

00000 -155
53924 + O
88508 + ©
10000 + 1

91732763537
12143267108
20308611837
00000000000
00000000000
10000000000

00000 -155
55713 + O
89325 + O
10000 + 1

91732763537
12143267108
20308611837
00000000000
00000000000
00000000000

92L05942516
10937500000

00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

- 70313
+ 79911 -
- 9122 -
+ 10938 +

51728446062
00720034572
25685465657
00000000000
00000000000
00000000000

- 91733
+ 92406 -
- 92356
+ 91733

51728446062
00720034572
25685465657
00000000000
00000000000
00000000000

85374029790
00000000000

+ +

+ + 4+ + o+

+ o+ 4+

+

- 30 -

110000000000
10000000000
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

91732763537

00000000000
00000000000
00000000000

00000000000
00060000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

51728445469

+ 1
+152
+ 1

-155
-155
-155
-155
-155

=155
-155
-155
-155
=155



Problem 3:

+ + +

o+ o+ o+

+ 4+ o+

+ o+

Problem 4:

+ + +

+ 4+ 4+ + ++

4+ + 4+ +

+ +

30000000000
00000000000
40000000000

00000000000
00000000000
00000000000
00000000000
00000000000
10000000000

91732763537
12143267108
20308611837
00000000000
00000000000
00000000000

92405942516
10937500000

40000000000
00000000000
10000000000

00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

51728446231
00720034572
25685465616
00000000000
00000000000
00000000000

85374030044
00000000000

00000000000
00000000000
00000000000

00000000000 00000000000
00000000000 00000000000
00000000000 00000000000
00000000000 00000000000
00000000000 00000000000
10000000000 00000000000

91732763537 51728446231
12143267108 00720034572
20308611837 25685465616
00000000000 00000000000
00000000000 00000000000
00000000000 00000000000

92405942516 85374030044
10937500000 00000000000

- 31

+ 1
=155
+ 2

-155
=155

+ 4+ +

+ 4+ + o+ o+

+ o+ o+

+ 4

+ o4+ o+ o+ o+

++ 4+

+

L0O000000000
10000000000
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000

13203456937
45607430253
00000000000
00000000000
00000000000

91732763537

00000000000
10950000000
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

57142774630
72373388171
00000000000
00000000000
00000000000

51728445977

00000000000
04802132025
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

13203456937 57142774630
45607430253 72373388171
00000000000 00000000000
00000000000 00000000000
00000000000 00000000000

91732763537 SLT28LU59TT

+ 1
+152
+ 1

-155
-155
-155
-155
-155

- 19
- 19
-155
-155
-155

-155
+ 0
+ 1

=155
=155
-155
-155
-155

..]_9
- 19
=155
-155
-155



Problem 5:

+ + +

+ o+ 4+ ++

0+

+ + 1+

+ +

50000000000
00000000000
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000
10000000000

19531250000

19531250000
97656250000
78125000000
21875000000
25000000000

17578125000
52734375000

© 23437500000

28125000000
00000000000

19531250000
19531250000

00000000000

00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000
00000000000

00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000032
00000000000

- %2

+ 1

=155
+ 2

-155
=155
-155
-155
=155

o L T I S B U
OHRFROKF HHOFM N

1
=

+ + +

o+ o+

+ + + +

+ + + +

00000000000

19599999995
10000000000

00000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000

19531249999

00000000000
98949216306
00000000000

Q0000000000
00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000

00000000000
00000000000
00000000000
00000000000

99999999820

-155

+ 1

-155
-155
-155
=135
=155

-155
-155
=155
-155

-155
=155

155

=155



. Problem 63

+
+
+

60000000000 00000000000
00000000000~ 00000000000
40000000000 00000000000

+ 33881317890 17201356273

4

L O I T R B |

-

+

+ 4+

+

-+

+

- 10000

+ 4+ + 0

39090882244 70498371048
11723615957 22835053456
10000 + 1 + 21855 +
84302 + 0O - 13302 +
4okl + 0 + 3718 -
g1752 - 20 - 33881 -
Jioi + 0 + @718 -
84302 + 0 - 13302 +
10000 + 1 + 2185 +

73088277868 85538390285
12156123013 89102779k
20694357456 51392011642

10000 +
89867 +
55139 +
10765 -
55139 +
89867
10000

4

1D

&
N |

92025754835 93762716152
12139916368 34183746933
20299401271 62308492588

89314 +
55719 +
22353 -
55719 +
89314
10000

1
\Q
S
N
(@)
[ IR T R T N B |

92025754835 93762716152
12139916368 34183746933

+ 20299401271 62308492588

92330259242 66681706816
00000000000 00000000000

o+

HiHOKF O

N el

- 335 -

OOHOKHOO

e

+
SRR

+ 4+
e

=155

+
+

-

+

+

+

e

+

40000000000 00000000000
00000000000 00000000000
10000000000 00000000000

TLT33102720 59855996485
31896084420 OLL7hT1LZ0L

39175273810 51139068191
38381180422 46048411403

80755575252 02070932851
27883017678 24373337840

80755575252 02070932851
27883017678 24373537840

92025754835 93762716152

+

1

=155
+ 1

[ |

]

20
20

20

21

20

- 19

20

- 19



Dummy Problem:

Problem T3

+
+
+

+

+ +

L

4+

Vo

e

R

+

+

e+t

+
+

00000000000 00000000000
00000000000 00000000000
00000000000 00000000000

10000000000 00000000000

70000000000 00000000000
00000000000 00000000000
40000000000 00000000000

33881317890 17201356273

3909088224k 70498371048
11723615957 22835053456
10000 + 1 + 21855 +
8302 + O - 13302 +
41041 + O + 3278 -
91752 - 20 - 3388L -
hiokl + O + 32718 -
8i302 + O - 13302 +
10000 + 1 + 21855 +

73088277868 85538390285
12156123013 8910277kl
20694357456 51392011642

10000 +
89867 +
55139 +
10765 -
55139 + .
89867 + 0 - 97539

10000 + 1 + 73088

1
-3
AN
Q
oo
(@)
[T I N I I T |

92025754835 93762716152

12139916368 34183746933
20299401271 62308492588
10000 + 1 + 92026 -
89314 + O - 92330 -
55719 + O + 92098 -
20%5% - 20 - 92026 -
55719 + O + 92098 -
8931% + 0 - 92330 -
10000 + 1 + 92026 -

- 3 -

-155
=155
=155

+ 1

-155
+ 1

20

n
o0 + +
o

OOHrHOH

+ +
e

i OKORH

+ +
e

N el el

+
+
+

+
+

-

+

4

+

00000000000 00000000000  -155
00000000000 00000000000  -155
00000000000 60000000000 -155

40000000000 00000000000 + 1
00000000000 00000000000 =155
10000000000 00000000000 + 1

71733102720 59855996485 20
31896084420 OWh7hTILZ0L - 20

39175273810 51139068191 20
38381180422 h60LBA11H03 - 21

20
19

8055575252 02070932851
27883017678 24373337640



92161897888 63560814550
12148049122 23065368657

+

+ 20304811164 45794152359
- 10000 + 1 + 92162 =
- 89315 + 0 - 92162 -
- 55732 + 0 + 92162 -
+ 27619 - 21 - 92162 -
+5573%2 + 0 + 92162 -
+89%15 + 0 - 92162 -
+ 10000 + 1 + 92162 -

+ 92161897888 63560814550
- 12148049122 23065368657
+ 20304811164 45794152359

+ 92161930797 35305528393
+ 00000000000 00000000000

-5

+ +
e
1o+

R

+ +
H o
1+

i
[
+

-155

99831329529 77386309035
38501767846 13423017976

99831329529 77386309035
38501767846 13423017976

92161897888 63560814550

21
20

21
20



Williams Memory:

Drums:

Addresses 0-2
Address 3
Addresses 4-8
Addresses 9-13

Addresses 1k, 15

Addresses 16-429

Addresses 430-T49
Addresses T50-T78k4
Addresses T85-791

Addresses T92-831
Addresses 83%2-839
Addresses 840-851
Addresses 852-863
Addresses 864-1023

AT Addresses 1024-1123
(Drum addresses 2560-2659)

A7 addresses 112L-1223
(Drum addresses 2660-2759)

A7 addresses 1224-1229
(Drum addresses 2760-2765)

A7 addresses 1230-1425
(Drum addresses 2766-2961)

A7 addresses 1426-1529
(Drum addresses 2962-3065)

A7 addresses 1530-1633
(Drum addresses 3066-3169)

A7 addresses 1634-1735
(Drum addresses 31T70-3271)
A7 addresses 1736-1837
(Drum addresses 3272-3373)

AT addresses 1838-1939
(Drum addresses 3374-34T5)

- 36 -

Temporary Storage
S-parameter for Floating Accumulator
Unused

Routine to change End .of Problem Test
Constant

End of Problem Test Constant
A7 (excluding input-output)
Program ¥, A, B, C, or D.
Program E (Executive routine)
Unused

Y1l

Constants

Temporary storage

Problem Parameters 1-6

Temporary storage and constants

Coefficients of Ai(x)4or Aj(x)
Coefficients of - (Fp(x))

d < o

E; (-1), B;(0), E; (1)

Unused

o
E,
X r]’ (r=1, oo ,/t\,) [the roots ofg—%xz(—) in

[-1,1]]if Parity = O; orfrler (r=1 ...,/C)
if Parity =2 3

4 ol
EiCXr) (r=1, ...7), the extrema of Ei(x) in
[-1,1] n
Coefficients of E; (%)

7' (x_); later, the quantities z, «.., 2
T 1l o k
entering into the calculation of AE, (x)

Unused



AT addresses 1940-2041
(Drum addresses 3476-3577)

AT addresses 2042-2145
(Drum addresses 3578-3681)

A7 addresses 2146-4095
(Drum addresses 3682-5631)

AT addresses L4096-4416
(Drum addresses 5632-5952)

A7 addresses 4h17-4737
(Drum addresses 5953-6273)

A7 addresses 4738-5058
(Drum addresses 6274-6594)

AT addresses 5059-5379
(Drum addresses 6595-6915)

AT addresses 5380-5576
(Drum addresses 6916-T7112)

AT addresses 5577-5773
(Drum addresses 7113-7309)

A7 addresses 6890-8189
(Drum addresses 8426-9725)

Drum addresses 9726-10,999
Drum addresses 11,000-12,799

- 37 -

3 . x
Coefficients of AEka)

#4

X, (r=1, ...,/(}) [the roots of d éx(x)
in [-1,1]]
Unused

Program A (including input-output routines
from A7)

Program B (including input-output routines
from A7)

Program C

Program D

AT input-output routine

First 196 words of Program C

Chebyshev polynomial Coefficients

Unused
SADOI



PAGE & KA 2

LOCATION ORDER NOTES
647 {(3.1) OKF 9F1lF b.:=(0,0); Set up Space
adter 11 digits
8KF 8KF
8N2(J) 8sk(J)
€50 82(3.2) 8k (J1) L(J): =~ |Chebyshev Print
Constant |
8s2(J) 8r2oF Chebyshev Print Constant:=
1 lgshex Print Constant |+l
(3.2) 8r2oF 85(N) From 3(3.1) F to
(3.3) 33(5) 8keF From (6)
52 (%) o7(N)
0052 (N) 0852 (N) t§ °_2t£lll) 51“2)
(%) 93(5) 0T50(N) From 1(3.3)
oo(N) os(N) e )-.et(l 1)y
(5) 86(3) 1SHOUF F?g? (3.3), | F: tgi)-: i-1
8KF 1NLOOLF
660 83(7) 854(J) F: = -|Chebyshev Print Cohstant |
82(5.1) 15400LF Fs ::::-tgi)—%-zi'l
(5.1) 8922F 03(6) Printj ny: = n+2
6)  12(6) 92(3.3) n, t=n +2
(7) 8kaF 87(J) From 2(5)
| 8s(7) 32(3) oi-ly _ ot
22(2) 83(7.002)
667 |(7.002) 26999F OOF
26626N Go to (0)
+5+152 Constants
+50.
+1.
+5+153

+68-20




LOCATION _ ORDER NOTES PAGE 5 KA 2
+2.
+1.57076268 Coefficients of Rand approxima-
tion to sine
-.6432292
+.0727102
+. Chebyshev Print Constant
+1-1 Fnd of Problem Test Constany
00626K BEGIN Program A
626 (7.004) 20(7.004) 50(7.004) From 2(203), |BEGIN Problem, Stop if
1(210),(9.5),| Obey.
(7.01) 2616F OK6F 3(27.4),(28) byt = (-6, 0)
8KF 835992F max, ;% = 0
(7.1) 88F 0s(N1) Read Problem Parameters 1-6
630 03(7.1) 8F2F
8F2F 8F2F
(7.2) OK6F 05(N1) b0:=(-6,0) :
8922F 02(7.2) Print Problem Parameters 1-6
8F2F 8F2F
J8F 8310(J) 10(J): = First number of Problem
Parameter I refer to b [
80(J1) 82(7.21) F:=f=.5x10 52 go to (7 21) if
not Mode T, Optlon A l;;
(7.21) 93(7.25) 80(J1) Go to (7.25) if Mode I, Optibn
A; F:=F-,5x10192 |
80(J1) 83(7.22) F1=F-,5x107%; go to (7.22) if
Option C or Mode II |
J8F 8310(J) BEGIN. Mode I, Option B. Read in
. .3x10 or T
640 (7.212) SKF 8KF From 2(23.4) b5:(-5,0)
(7.214) 8h(J) 55(N) From 4(7.214) |4(J):=0 or 4(J)+1l; F:= Polynomial
coefficients already in machine
8922F SL2F Print; n5:=n5+2
854(3) 80{J) L(T): = b(J)-1
6l 83(11) 8K1F




LOCATION ORDER _ NOTES PAGE 6 KA 2

645 8uk(T) 93(7.21k)

(7.22) 8798uF 806(J1) From 1(7.21) | F: = 2F - 5x10°7°
83(8) 87(7.23) | Go to (8) if Mode II
(7.23) 8511F LOF BEGIN Mode I, Option C. Read

in Interlude

(7.24) 26F 50(7.24)

26(A7) OKLOOOF b0:=(-1ooo,o)
851024F 8510(J) 10(J): = First polynomisl
Coefficient
(7.25) 1K1023F 83(J) From (7.21) i:=-1, refer to b7
8LLOUF 92(9) n7:=uo9h(ii-2 mod 4096)
(8) 87756F 03(8.1) From 1(7.22),| Go to (129); Go to (8.1) if
2(10) Mode I, Option C
88r 92(8.1)
(8.1) T751026F 53(8.2) From (8) Read 1 Polynomial Coefficient;
| refer to b |
(8.2) 810(J7) 80(J1) 10(J):=P01§nomia1 Coefficient;
F+=F-.5x10122
(9) 83(210) 8K1F From 1(7.25) | Go to (210) if finished reading
Polynomial coefficients
84(J) 8s(J) ir = i4l
660 802(J1) 82(9.4) F:=F-50; Go to (9.4) if i > 50

(9.%) 93(10) 87(9.5) From 4(11)

(9.5) FESULF 26(7.004) | FF220; Reposition Data tape and
(10) 72(10) 8510(J) From (9.k4) ¥$;=i:;2
751024F 7S(N) 1024+. .and (N) + n7:=Polynomial
8922F 92(8) ;ﬁ?ﬁi?l tene
(11) 8KF 838(J) From 3(7.214)| BEGIN Mode I, Step I. ;ik+l|a§r)}:=o
85(J) 82(J) (210) k: = i
8L2T96F 6KF n5:=2796
6F61F 8sk(J) ng:=2i; L(J)e=1i
670 83(12) 92(9.k) Go to (9.4) if i <O
671 (12) LK1000F 43(13) b4:=(-1000,2)




“LOCATION ORDER NOTES PAGE 7 KA 2
672 (13) | 3K2F 8KLO23F From (15) b3:=(-2,0)
8il(J) 8sk(J) L(7):=l(J)-1
83(1k) 93(16)
(1) 5FS8F 32(15) ng =Nty
(15)  |93(13) 42(13)
(16) 852(N1) 802(J) From 2(13), Feam-k
82(23) 65(N) (23) gze;oIgegz if fﬁ%ished with
83(16.05) 61(m) PR
680 | (16.05)|57M00uF 87(16.06) F: = |a§k) -t
(16.06)|1937F LO6OF A: = 2'38 - ng
101F Lhes3 A: = A/2 + (Exponent of F)
(16.07)| 40283 50(16407) (Exponent of F): = A
2616F 8u8(J)
8s6(7) 856(N1) m =] o ks (el
806(J) 82(16.1) F: =0 - B
(16.1) {92(23) 856(J) Go to (23) if finished with
8s8(J) 33(18) b3 used as binary switch
3K2F NL2F b3:=(-2,0); m,:=n)
690 (18) 8kF 6N(N) From 1(16.1) F:=-|§£k)|
82(21) 2KF If aék);o, bypass
2F6OF 852(J) BEGIN Subtraction of Tk(x) 3
(19) | 84(J) KIAF From (21) ﬁ(J): = k; nyi=ny-b
JL2F 8K1022F ng:=ng o |
84l (T) 8sh(J) L(Jg): = 4(J) -2
83(20) &¥
63(w) 93(22) aﬁk):=o
698 (20) 61(N) 5T4O9LF From 3(19)

Step T

n2: =n6




LOCATION ORDER “NOTES PAGES KA 2
699 2L (N) 28(N) aék): - a§k+lj-aék)t§k)
700 |(21) 92(19) 5J58F From 1(18) ng1=ng-my
(22) FI2F 8K1023F From 4(19) ngi=ng o
8h2(J) 8s2(J) ks = k-1
(23)  93(16) 8KTF From 1(16),
(16.1) 153 153
87(J51) 8010(J) F2=35x10"""-(.3 x 10 or T)
83(23.1) 83(205) Go to (23.1) if Option A-2,
B-2, or C-2
(23.1) 852(J) 83(J) BEGIN Modified Option. i:=
03(23.2) 88F Binary Switchj Go to (23.2)
if tion B
8s6(N1) 88F 52=8"3 Read T
8s10(J) 93(23.3)
70 |(23.2) T51028F 8S6(NL) | From 1(23.1) | 8:=5"
751030F 83810(J) 10(J)s =T
, _5h () /pr-1
(23.3) 8F2F 858(J) Fromk3(23.1) Fg = Z}=j+l[ar /27 7|
8922F 8F2F Print
TKF BKF
(23.4) 8sk(g) T5(N) From 4(23.4) | 4(3): =0 or 4(J) + 1
7S1024F 854 (T)
80(7) 83(7.212) Go to (7.212) for second itera-
tion of Step I
8K1F 84k (J)
TL2F 93(23.4)
720 | (26) 15(27.1) L2 (204)| From 2(204)
(26.1) 26(211) 50(26.1) | From 1(211) BEGIN New Step II Iteration with
N:=N+10. Go to (211) for FF222
Stop)
2616F 8K1OF
848 (N1 ) 838(N1) N: = N+10
5KF SKLF byt = (0,0)
725 1(26.2) 83L4(J) 551634F From (27) 4(J): =1L or 4(J) + 1




LOCATION ORDER NOTES PAGES KA 2

726 58(N) 512F ng3=Dg, o
85976F 804(J)
83(26.3) 83 (206) Go to (206) for new iteration

of Step IT

(26.3) 8K1F 844(J)

750 |(27)  93(26.2) 50(27) [From (211)
2616F 92 (27.35)

(27.1) O01F 50(27.1) From 2(204) BEGIN Printout of Results

2616F 85(J)

8sk(J) 8F2F L(J): = i(or J if Modified Option)
8F2F 2KF

(27.2) 251024F 201634F From 1(27.3) F:=a£i)-e£ (Final Approximating

Polynomial)

8922F 23(27+3) Print n,:=n,+2

(27.3) 854(3) 80k(J1)
8sk(J) 83(27.2) L(T)e=k(T)-1

40 851022F 8F2F Fe=max ;lEg(x)l or ]Ef(x)l
xe[-1,1] J
8922F 851018F Fe=min
ilor §), (r),r-1

8922F 858(J) Fe=di o )[a-l(,r)/zr [

(27.35) 8922F 2K51F From 1(27) BEGIN Going on to next problem

(27.4) 251024F 28(N)

23(27.4) 8KL021F

876(J1) 8%10(J) F3==.15 x lOl5h+T
83(27.5) 83(7.004) Go to be%in next problem if
T=.1x10%
(27.5) 83(28) OOF «
749 | (28) OFF 26(7.004) OF Stop: Wh. Sw. to begin next
problem
26 750N Go to (200)
00750K
750 JO430F 50750F Record A7 Input-output routines

on Drum at 6916-T112 )




LOCATION ORDER NOTES PAGE 10 KA 2
751 26 (Y1) 006916F
752 00196F 26999F
26750N
00626K BEGIN Program B
626 |(28.5) OO1F 50(28.5) From 2(205)
2616F SKF
. i (r),.r-1
8N8(J) 82(28.6) Fi=-|g_ . lay /27|
(28.6) 93(28.9) 8KLO21F Go to (28.9) if m< i
630 876(J1) 8410(J) F:=—.15x10154 + T
83(28.7) 8JT62F Go to (205£ }o begin next problem
if T=.1x1077
(28.7) 83(28.8) oOF
(28.8) OFF. 26762F OF Stop. Wh. Sw. to go to (203),
‘ next problem |
(28.9) 2KF 2KF From (28.6) BEGIN First Iteration of Step II
(29)  85(J) 8sk(d) From 1(29.1) | 4(J): =1
21 (N) 2S1124F 1124F + ngt = - Ps
oL102LF 28 (W) () + ny: =,gi
(29.1) 22(29.1) 854(J) n,t=n,+2
804 (J1) 82(29) Go to (29) if all coefficients
transferred
640 8KF 836 (N1) d: =0
8Nk (NL) 83(30) F: =-|Parity|; Go to (30) if
Parity = 0
844 (J1) 8S1O0LF BEGIN Deleting Coefficients if
Parity # O
SKF 3K1OOOF _
83(29.2) 85(J) Go to (29.2) if Parity =1
83976F 852(J) 9T6Fs = i
8S978F 92(29.3) 978F: = k
647  1(29.2) 512F 85(J) From 6(29.1)




TOCATION ORDER NOTES PAGE 11 KA 2
648 804 (J1) 8S9T76F 976: = i-1
852(J) 804(J1)
650 |(29.3) 8S978F 859T6F From 8(29.1) | 978: = k-1
86984F 8S9TEF is =1i/2
85978F 8698LF F: = k/2
87(29.4) 93(29.8) |From 1(29.6)
(29.4) 15(29.7) 10283 A: = 550 - Exponent of k/2
42 (29.5) L42(29.6)
(29.5) 1583 1OF By 1(29.4)
(29.6) 50402F OOF By 1(29.4) Q: =0
4083 2633F Go to 3(29.3)
(29.7) OOF 00550F
660 1(29.8) B8sS9T8F 819T6F From 3(29.3) | k: = [k/2]
(29.9) 8sk(T) 55(N) From 3(29.9) | 4(J): =-i or 4(3) + 1
33(N) 5L4F Delete unneeded coefficients
854 (J3) 83(30.05) Go to (30.05) if finished
deleting coefficients
Bk (71) 33(29.9)
(30)  85(J) 8s976F From 3(29.1) | 976F: = 1
852(J3) 8s978F 978F: = k
3KF 3FOLF b5: = (o, nT)
(30.05) 8510(W1) 82(30.12)| From 2(29.9),| BEGIN printout of polynomial
1(207) coefficients of Pi(x). Go to
OKF 85976F (30.12) if D >0
670 8sk(J) 8F2oF L(7): = 1
8KF 8N4 (N1)
82(30.06) 8FiF Go to (30.06) if Parity = O
(30.06) 93(30.07) BF2F
674 |(30.07) 25(N) 8922F From (%0.08) | Fs: = é:; print
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675 o12F 854 (J)

804 (J1) 8sk(T) big):s = 4(7) -1
(30.08) 83(30.07) 22(30.09) Go to (59\09) Right if printing
because U < k42
(30.09) 92(30.12) 83(30.10) Go to (30.12) if printing beﬂ
cause DO i
(30.10) 15(30.11) 421(207) = (30.05)
680 1934F LLYT55F
Lo755F 22 (k2.62) 2(128):=16(T71.51); go to (k2.62)

to print extrema
(30.11) 0OF 00(30.05)

(30.12) OOF 8KF From (30.05)
8k (V1) 83(30.i3) Go to (30.13) Left if Parity = O
84k (71) 82(30.13) Go to (30.13) Left if Parity = 2
(30.13) 85(N) 8s12026F From 1(30.12) | 1226F: = E? (0)
8KIF 8S1002F 1002F: =1
2K1F 2K1F Set binary switch = = 1
(31) 85976F 8sh(J) From 1{36) L(g): =
690 SKF SFSTF b5:=(0, n3)
(32) 55(N) 831004F From 2(33) BEGIN Evaluation of B, (1002F)
854(J) 8ok(Jgl)
83(33) 93(3k4) Go to (34) if finished evaluating
(33)  &k(J) JLCF 4(J): = 4(J) - 13 not=n_-2

27 5
85100LF 871002F

5L(w) 92(32)
(34) 851004F 23(38) From 2(32) Fi= E:f(x); go to (38) if x=-1

851228F BKF 1228F: = E? (1)
8uk(w1) 83(36) Go to (36) if Parity = O
700 8hl(J1) 83(35) Go to 4(34) if Parity = 2

701 851004F 93(38)
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702 [(35)  811004F 93(38) From 3(34)
(36) 811002F 851002F From 2(34) 1002F: = -1

2K2F 93(31) Set binary switch = -2
(38) 8s122UF 93(42.62) Ergm‘(Sh),h(3h), 1204F: = Ef (-1)

(35)
(ho,62) 87(208) 50(42.62) | From 2(30.10)| Go to (208) to continue iteration

2(127) of Step II
2616F 8F2F BEGIN printout of extrema
S5KF. 8K1023F b5: = (0,0)

8K1023F 84980F

710 |(42.63) 8sh(J) 5520k2F From &#(42.63)] 4(J): = 7)-1 or W(J) -1; F: = X,
895F 551530F ' Print; B = Ef‘(xr)
895F 8K1023F Print
84l(J) SL2F ng: = n5+2
714 83(42.63) 8I753F Go to (128) if finished printing
extrema -
26753N Go to (200.5)
00430K BEGIN Program C
430 {(42.65) 001F 50(L42.65) From 2(208)
2616F S5K1000F BEGIN transfer coefficients of E
from (I7) tobt'L63LLF, where E(x) =
SKLOOOF 8K1023F Ezi(x) or Py (x) -
(42,8) 8sh(Jg) 80976F From 3(42.8) 4{g): = -1 or 4(J) +1
83(42.9) 55(N) Go to (42.9) if finished
551634F 8K1F 1634F + ng: = e,
8ul(J) 53(k2.8) ngi = n5+2
(42.9) S5SKF &KF From 1(42.8) | BEGIN compute coefficients of E'
&h(7) 85(m) 4WI): =0
(43) 86(J) 8KiF From 3(43.3)
440 8hl(J) 8sh(J) L(J): k(J) +1
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Lha 8kF 8uk(N1)

82(43.1) 84l(J1) Go to (43.1) Right if Paritﬂ =0
(43.1) 83(k3.2) 854(J) Go to (43.1) Right if Parity = 2

2K1000F 93(43.3)

(43.2) 2kF 854(J) From(43.1)
(43.3) SL2F 5T1636F From 1(43.1) ngt = n3-2
35(N) 854(J) (W) + r-1: =T e,
809T76F SL2F
82(43.5) 92(43) Go to (43.5) if finished
450 {(43.5) 3F59F 3F59F BEGIN search for extrema in

[-1,1] 5 B3t = i
8r(Lk) 93(k5)

(44) L559F OO019F

46(50) 2633F Go to 1(43.5)
(45) 8K1023F 851000F From 1(43.5) x gt ="l
851204F 831002F | E(-1): =:Ef (-1)
8KF 8N6(N1)
83(45.06) 851000F Go to (45.,06) if Mode I
87(45.,02) OOLF F: = -1

(45,02) OOLF 50(45,02)
460 | (45.04) 26(71.18) 50(L45,04) From 1(71.18)fGo to (71.18) to compute F(-1)

2616F 801002F

851002F &KF E(-1): = F(-1) - E(-1)
(45.06) 8KF 85980F From 3(45)  |C: =0

LKF 8NL(I1)

83(L45.25) 8KF Go to (45.25) if Parity = O

851000F 831008F =0;8: =0

Xn—l:

L67 851226F 851002F E(0)
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468 851636F 22 (45.1) Go to (45.1) right if Parity = 2
(45.1) 856(J) 8S1010F
k70 8K1F 92 (45.25)
(45.25) 818(NL) 8S99kLF From 2(45.06) | h:=-N if Parity = 0, 1 if Parity
(45.5) 868(NL) 83996F From 5(69) ;: = h/N
87996F 83998F
87990F 84988F
87998F 84986F
(45.7) 87996F 8S1020F From (69.1) |s(h)s = sin(e/2 b/N)
8KF 8Nk (N1)
83(45.75) 851020F Go to (45.75) if Parity = O
871020F 831020F st = s
480 | (45.75) 87(46) 92(4T7.5) P(‘i%z 2(45.7),
(46) 15(47) 42(51.8) Exit at (51.8): = (52)
(k7)  2633F 00(52) Go to (45.75)
(47.5) OOF 851020F From{45.75) F: = s(h)
(48) 8s1012F 8KF From 5(52.5) | BEGIN evaluate E'(x)j x3 = F
(50) SKF 871012F By 1(bk) b5: = (-i, 0)
5k (N) 52(50)
8S1014F 8KF 1014F: = Ef (x)
8k (1) 8é(51°5) Go to (51.5) Right if Parity]= 0
2%(51.5) 851014F Go to (51.5) Left if Parity = 2
490 871012F 87984F
831006F 83(50.1)
93(60.5) OOF From (50.2) Go to evaluate E(x) if Parity #
(50.1) 15(50.2) 42(63) From 6(50) 0o e
Lok | (50.2) 2633F 00(50.3) Go to 7(50)
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495 |(50.3) 841006F 8S1014F | From (63)

92(51.5) OOF

(51.5) 2KLOOOF BKF F?om)5(5o), byt = (-1000,0) if Parity # O
4 (50
8N6(N1) 82(51.8) Go to (51.8) if Mode I
851012F 8J(51.6) Fs = x

500 |(51.6) O0O01F 50(51.6)

(51.7) 26700F 50{(51.7) From Auxiliary| Go to Auxiliary Subroutine to
Subroutine compute F*(x)
2616F 801014F :

(51.8) B8S10LLF 93F By (46),(53) |E'(x): = F'(x) - E'(x); EXIT
From 1(51.5)
(52) 851014F 851022F

818(N1) 8099LF F: =-N-h
83(68) 8kF Go to (68) if h = -N
8NLOLLF 82(58) Go to (58) if E'(s) =0

851020F 8S1016F

851020F 8S1018F

510 871010F 83(68) Go to (68) if E'(s(h)). Ef(s(n-1))
>0
(52.5) 851010F 801018F | From (58) BEGIN search for Root in

[s(h-1), s(n)]
8s1012F 851008F

871018F 83S1014F

851016F 871010F F:=zn+l—(z ) E'(z ) (z ) E'(z2)n
8014F 861012F B (z - E'(z,)
87(53) 93(48) From (54) Go to (48) totedaluate &' "z +l)
(53)  15(54) k2(51.8) Exit at (51.8): = (55)
(54)  2633F 00(55) Go to 5(52.5)
(55) 8KF 8N1014F From(51.8)
520 82(58) 851008F Go to (58) if E'(z l) =0
521 801016F 8sk4(J) 4L(T): (z (z )
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522 85982F 8N4 (J)

82(58) 85101L4F Go to (58) if |(z,) -(z,)
< 068x10'g0 [ (1) )
871010F 83(56) Go to (56) if E'(zn+l) .E'(zl)n
>0
851010F 8698LF
8S1010F 93(57) E'(zl)n+l:=E'(zl)n-%-2
(56) 851016F 8381008F |From 5(55) (zl)n+l:=(22)n
851018F 8S1010F E‘(zl)n+l: = E’(zg)n

(57) 851012F 8S1016F From..7(55) (22)n+l: =z 1

530 851014F 8381018F E’(zg)n+l: = E‘(Zn+l)
(58) 9%(52.5) 93(58.5) | From 3(52), Go to (52.5) to iterate search;
1(55), 4(55) | EXIT
(58.5) 83(59) 93(60.5) |From (60),

(59)  15(60) L42(63) +(10) Exit at (63): = 6k

(60) 2633F 00 (64) Go to (58.5)

(60.5) 85976F 8sk(J) From 7(50), BEGIN Evaluate E(x). 4(J): = 1
5KF SF5TF 8:2) ng: = (0, n3)

(61) 551634F 851014F From 2(62) 1014F: = E(x)
854 (J) 8ok(J1)
83(62) 93(62.5) Go to (62.5) if finished
540 | (62) 8sk(J) JI2F L(T): = 4(7)-1
851014F 871012F
541634F 92(61)
(62.5) 8kF 8N6(N1) From 2(61)
83(63) 851012F Go to (63) if Mode I3:F: = x
8J(62.6) 001F
(62.6) 001F 50(62.6)

(62.7) 26(71.18) 50(62.7)| From 1(71.18) | Go to (71.18) to compute FZx)

548 2616F 80101L4F
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549 8S101L4F 85101L4F E(x): = F(x) - E(x)
550 [(63)  851014F 93F By (50.1),(59)|F: = E(x); EXIT
From 1(62.5)
(64) 871L002F 82(65) F: = E(x)» E(xr)

(6k.1) 5KF 851000F From (71) F: =x

4sookoF LS20LhoF

hs1ho6F BKF

8Nk (NL) 82(64.k) Go to (64.4) if Parity = O
8KF SINLOOOF BEGIN calculate A x__
851018F 82 (6%.3) 1018F: = - %115 g0 to (6%.3)
8KLF 841000F ;Z:ii'l i —

(64.2) B86984F 8S1016F From 5(6k4.2) yj:=(xr_l R yj_l)f-;z
560 851000F 861016F
8L41016F 8698LF

851018F 851018F 1018F: = ys
801016F 82 (64.3) F:=yj:yj_l; Go to (64.3) if
finished

851018F 92 (64.2)

(64.3) - OOF 851018F From 5(64.1),
4 (64.2)
hsookoF 854 (NL) 2042F+nh:=yj (=N xr_l)
8NO84F 82 (6h.k) Go to (64.4) if Parity = 2
851018F 871002F F =qsq:; . E(xr_l)
(6h.4) 93(64.5) 851002F | From 3(64.1), |F: = E(x -1)
2(64.3) T
570 |(6%.5) L4sS1530F 8KIF 1530F + n; 2 = E(x__;)
84980F 8S980F 7. Ta
8K51F 80980F
8% (64.7) 87(64.6) Go to (64.7) ifD > 51
(64.6) TFFSLSF 26(203) FF221. Wh. Sw. to begin next
problem
575  |(64.7) L12F 53(71.02) From 2(64.5) n) :=n;+23 go to (71.02) if storing

last extremum i
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576 | (65) 93(67) 851002F From (64)
83(66) 811002F
(66)  8N1LO1LF 8%(68) F:=!E(xr_l)| - |E(xr)|
67) 851012F 8S1000F From (65) X, 1t = X,
580 851014F 881002F E(xr_l): = E(xr)
(68) 8599LF 808 (m1) From 2(52), F: = h-N
6(52), (66)
(69) 82(70) 851020F Go to (70) if finished findin
extrema
8S1008F 851022F s(h-1): = s(h)
8S1010F 8K1F E(s(h-1)): = E(s(h))
8LOOLF 8S9oUF h: = h+l
808(NL) 83(69.1) F: = ht1l-N
85994F 93(45.5)
(69.1) 8K1F 92 (45.7) From 4(69)
(70) OOF 804 (J1) From (69) F: = h-N-1
590 83(7L) 8KLF
8499LF BSGOLF L :=1n
8KLF 8K1F
8s1012F 93(58.5)
(71) S5KoF 92 (64.1) From 1(70) Go to (64.1) to store last
extremum
(71.02) 83 (209) OCF From (64.7) Go to Program D
(71.06) 3KF OKF From 3(71.4) | BEGIN continue to set up Mode
3F6LF 6F6LF byt = (o, n7); bgt = (o, nT)
8KLF 842 (N1)
851014F 86984F 1014F: = m+l
600 8S1016F 2KF 1016F: = (m+l)/2)
812(NL) 86101LF
602 8S1014F BKF 101L4F: = -m/m+l

11



620

621

626

630

632

LF56F 8KF
(71.16) 2K50F 251024F
22(71.16) 8J759F
(71.18) K5F 42(71.20)
(7L.20) 26650F 22F
00626K
(71.3) 50430F 50(T7L.3)
26 (Y1) 006916F
00196F OO1F
8511F 4OF
(7T1.32) 26F 50(71.32)
26 (A7) 88r
8510(J) 83(71.33)

From (45.04),
(62.7),(11.12)

From Auxiliary|
Subroutine

From 2(129)

From SADOL

"T.OCATION ORDER NOTES PAGE 20 KA 2
603 | (71.08) 8S1018F 861016F From (71.14) |[t: =0 or t+1
841014F 831020F x: = -1 + (2t+1)/ (m+1)
8T1020F 8S1022F
87990F 84988F
871022F 8LO86F
8T71020F 2S1L426F 1426F + n,: = sin /2 Xy
25204%2F 87(71.10) 2042F + n,: = sin 1/2 X
610 }(71.10) 0OLF 50(71.10)
(71.12) 26(71.18) 50(71.12)From 1(71.18) | Go to (71.18) to compute F
- (sin n/2 %)
2616F 251530F 1530F + n,¢ = F(sin n/2 gk)
851018F 802 (N1)
82(71.1k4) 2I2F Go to (71.14) if finished
8K1F 8L41018F ,
(71.14) 93(71.08) LKF From 3(71.12)

Go to (130)

BEGIN Go to Auxiliary Subroutine

for F(x)

BEGIN Set up Mode IT

Pldyback AT Input-Output Rout

Read in Auxiliary Subroutines

Read T

ines
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63% |(71.33) 50430F 50(71.33) Playback Program C L430-626
26(Y1) OOT711l3F ]
00196F OO1F
(71.34) JOL30F 50(71.3k)
26 (Y1) 0062T4F Record new Program C on Drum
(71.36) 00320F 50(F1.36)
26 (A7) BKeF
640 876(J1) 8s6(N1) s = 2T
OK51F 8KF
(71.38) 0S1634F 03(71.38)
852 (NL) 83(J) it =m
832(J) 8s976F ks =mj it=m
TKF 8S978F b7: = (0,0); k¢ =m
(71.4) 8ok(J1) TL2F F: = m-1; ot = om
8ok (J1) 82(71:k) !
xr 858(7) Zg a8k o
649 93(71.06) OOF Go to ¢éontinue setting up Mode II
26756N Go to (201)
00T750K
750 JO430F 50750F From. SADDI Record Program C 430-626 on
26(Y1) OOT113F Drum at T113-T7309
752 00196F 26999F
26750N
00430K BEGIN Program D
430 | (7L.5) O001F 50(71.5) From 2(209)
4=z 2616F 8510(N1)
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Lz2 8510(N1) 82(71.52) Go to (71.52) if D >0

(71.51) 83750F 50(71.51) |From 2(128) Go to (127) to Print Extrema

(7L.52) 2616F 8K1022F From 2(71.5)
814980F 809TEF F: = 0 k-2
82 (71.57) 8510(N1) Go to (71.57) if 1 k-2 >0
83(71.53) 83(71.56) Go to (7L.53) if D< O
(71.53) 2K2F 2LT768F | byt = (o, 768)
859T76F 859T6F F: =1
o |(71.5%) 83(71.55) 002(30.05)
(71.55) 15(71.54) 421(207) 1(eo7): = 2(30.05)
26 (206) O0F Go to print Polynomial Coeffi-
cients, Extrema
OOF OOF
OOF OOF
OOF'-O0F
OOF OOF
OOF 00(26)

00F 00(71.51)
00F 1515(7L.51)  [From 2(128)

450 4L2T55F O0LF Restore 2(128): = (71.51)

(7L556) 1514 (71.51) 4e2(204) From 3(71.52) 2(204): = (26)

(71.57) 26(204) NI2F From 2(71.52) | Go to (204) to playback Program
A, FF222. Stop
8KLOF 8S1020F BEGIN search for Max. and Min.
Extrema

8K1F 861020F

8381020F 8KF ) 1020F: = .01
8s1022F 856(J1) |max|s = 0
8S1018F 2KF 1018F: = .1 x 1097

458 8K1023F 84980F
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459 | (71.60) 8sk(J) 851022F From 1(71.70) | 4(J): T2 or 4(7) -1
460 2N1530F 83(71.6k4) F: = |max| - |extremum|
251530F 82 (71.62)
(71.62) 211530F 831022F lmax|: = |extremum|
(71.64) 851018F 2N1530F From 1(71.60) | F: = |min| - |extremum|
83(71.66) 93(71.70)
(71.66) 251530F 82(71.68)
(71.68) 211530F 8S1018F lmin|: = |extremum|
(71.70) 212F 854(J) From 1(71.64)
8ok (J1) 85(71.60)7
851022F 801018F
470 831016F 8KF 16F: = ||max| - [|min]]|
8N1016F 861022F
831016F 8KF 1016F: == | |max| - |min||s |max]|
8514F 841016F F:=End of Problem Constant
82(71.74) 92(72.6) AT T
(71.74%) OOF 8J(TL.76)
(TL.76) 24(71..78) 22(71.78) Stop if Obey; Bl. Sw. go to
(71.78) left
(71.78) 22(71.82) 50(71.78) Wh. Sw. go to (71.78) right, then
2616F 92(72.6) (72-0)
(71.82) OOF 50(71.8é) BEGIN Problem Termination Routine
480 2616F BKF
8KF 8NL(N1)
83(72.5) 8KLO23F Go to (72.5) if Parity =0
84980F 8sk(T) h(T)s P
2KF 2F58F
485 oF58F SKF by: = (o, nh)




LOCATION ORDER NOTES PAGE 2k KA 2
486 5F58F SKLF b5: = (0, n5)
804 (N1) 8S100LF
8S100kF 8K1022F 1004F: = Parity -1
8uk (1) 82(71.86) Go to (71.86) if Parity = 2
490  |(71.84) 93(71.86) JI2F From 4(71.86) ng: = ng-2
(71.86) KI2F 5520L42F From 10(71.82) n,: = n,-2
281426F 551530F
251530F 854 (J)
80k (J1) 8shk(J) b(g):s = 4(7) -1
82(71.84) SF56F gt =D,
8K1023F 84980F
85k (7) 851004F b(3): L1
82(7L.88) 93(71.90) Go to (71.90) if Parity = 2
(71.88) 512F KI2F From 2(71.92)
500 |(71.90) 511426F 2S1426F From 7(71.86)
851004F 83(71.92)
551530F 92 (T1.92)
(71.92) 511530F 281530F Fro% 1(71.90)
8KL023F 84k (J)
8sk(J) 83(71.88) 4(T)s = 4(J)-1
8KF 849T6F
8sk(J) 2KF 4(J)s = 1
2F5TF S5KF byt = (o, nB)
(71.94) SF61F 251634F From 4(71.94) byt = (o, ng
510 551634F 8KLO23F
8Lk (J) 8sh(J) 4(J): = 4(7) -1
512 KI2F JL4F Dyt = n,-25 gl = n5-u
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513 82 (71.9%) SKoLF bg: = (-2k4,0)
851004F 82(71.96)
(71.96) 52(71.96) BKF
(71.98) 5S1634F S5LoF Set odd coefficients = 0 if
Parity = 2
53(71.98) 851004F F: =1 - Parity
82(72) 8K2F
87980F 84k (J1)
520 {(72) 92(72.1) 8KeF From 2(71.98)
(72.1) 87980F 85980F T: = 2 C 41 if Parity = 2
(72.5) 8KF EKF From 3(71.82)
8N6 (N1) 83(72.6) Go to (72.6) if Mode I
(72,52) OKS51F 211634F
281634F 22(72.52) et = e,
(72.6) 83(20k) 8KLO22F From 7(71.70),|Go to playback Program A, Termin-
1(71.78),1(R2.5)ate problem
84980F 80978F BEGIN Elimination of all but
k+2 Eb{tren/k:i
(73) 8S1022F 5KF From (94) 1022F: = ¢ -k-2
856(J1) 8S1012F min__: = .5 x 10077
530 8KF 8S1014F max_ 4% =0
8KoF 83k (J) hig)s =2
851022F 8098hF F: = C k-
83(7h) 92(9k)
(74) 851022F 551530F From 3(83) BEGIN Eliminate 2 consecutive
Extrema or First and Ladt Extrema
83(78) 511530F
(78)  8S1O016F 55153%2F min : = | Extremum, |
83(79) 511532F
(79) 8S1018F 831020F max i = |Extremum2|
539 8NLO16F 83(80) F: = max_ - min,
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540 851016F 8S1018F max, i = |Extremum, |
851020F 8SLO16F min : = |Extremumn, |
(80) 851016F 8N1012F From 1(79)
851020F 82(81) 1020F: = min - minr_l
(81) 92(82.5) 811020F
83(82) 92(83) Go to (82) if min_ _, > min,
(82) 851018F 8N101L4F
(82.5) 82(83) 851016F From {(81) Go to (83) if.@axr > max
831012F 851018F minr_lz = min,
851014F 854 (J) max, ;% = mAX
550 8S1010F 2KF
(83) 2F59F 5L2F F(18~c2>m 1(81), byt = (0, n5+2)
.5)
8KiF 84k (J)
8sk4(3) 85980F L(3): = 4(7) +1
804 (3) 82(Tk) ' Go to (T4) 1T > 4(J)
(84) 851530F 82(85)
(85) 811530F 8S1016F min : = |First Extremum|
5515%0F 82 (86)
(86)  511530F 8S1018F max @ = |Last Extremum|
831020F 8N10O16F F: = max - min,
560 82(87) 851016F
831018F 851020F max_: = |First Extremum|
(87) 8S1016F 851016F | From 2(86) min 2 = |Last Extremum|
8N1012F 8S1020F 1020F: = min_ - min
T r-1
83(88) 92(90)
(88)  811020F 82(89) Go to (89) if min_ , > min,
566 | (89)  93(91) 851018F
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567

570

580

590

593

(90)

(91)

(92)

(92.5)

(93)

(9%4)

(95)

(96)

(97)

8NLO1LF 831020F
83(91) 2KF

8K2F 8S1010F
851020F 83(92)
252044F 282042F
251428F 281426F
251532F 92(92.5)
R51U30F 2S1Lho6F
252046F 282042F
251534F 281530F
2I2F 8KIF
841010F 8S1010F
80980F 82(93)
95(91) 85980F
80984F 83980F
80984F NLAF

92 (73) 84k (J1)
83(95) 92(99)
851530F 82(96)
811530F 4N1530F

82(98) 2kF

BK1L022F 84980F

Bsk(J) 251k28F
2S1426F 252044F
282042F 251532F
251530F 2I2F

854 (7) 8ok(Jg1)

From 2(87)

From (89),
(90), (93)

From (91)

From 3(91)

From 5(73)

From (98)

Go to (91) if max . > max, ;

Go to (92) if eliminating
interior extrema
Fliminate endpoint extrema

Eliminate interior extrema

gt = Jgtl
A
A_’_('
F: = e
f“:(.-g

BEGIN Remove One HEndpoint

Go to (98) if |E(xy)]

18620 45

v

Lg): =1 -2

2 ., _ .2
Xp1® =%
xr-l: = Xr
E(xr_l): = E(xr); n,: = ny+2

F: = 4(J7)-1
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594 [(98)  83(97) 8KLO23F From 1(96)
A Pal
84980F 8S980F C:= C1
(99) NI2F 8K1F From 1(94%) BEGIN compute n'j
8S1022F 2KF Joet =13 myt =0
(100) 8KIF 8sk(J) From 2{105) | 4(J): =1
281736F S5KF s = 03 ng: =0
600 |(101) 854(J) 8ol022F From 2(103)
851020F 8KF 1020F: = 3=
8N1020F 83(102) Go to (102) if (j-jﬂ,) =0
251426F 501426F
271LT36F 2S1T36F nt: = ﬂ‘j_l(Xjﬁ, - xj)
(102)  85978F 8LL(J1) From 2(101)
804k (J) 82(103) Go to (103) if k+l-j >0
(103) 93(10k4) 8K1F Go to (10O4) if finished with
this =n',
84k (J) 8sk(J) L(7): =I4(T) +1
5L2F 93(101)
610 | (104%) 8KF 8N4 (N1) From (103)
83(104.4) 84k(J1) Go to (104.4) if Parity = O
83(10%.2) 93(10k4.k4) Go to (104.4) if Parity =2
(104.2) 252042F 271T736F
2SLT36F 93(10k.h)
(104 .4) 85978F 84k (J1) From 1(104),
2(104)
801022F 82(105) F: = k+l-j_,
(L05) 93(106) 8KLF Go to (106) if finished with
all ='.'s
841022F 8S1022F 3oyt =93 41
T T
212F 93(100) ny: = ny+2
620 | (106) 8KF 881022F From (105) BEGIN Compute Coefficients of
polynomial "
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621 5KF 8KLF
84GT8F 8sk(J) jr=—k+1
8K1023F 8S1018F Binary Switch: = -1
(107) 851018F 83(108) From 4(108)
8K1F 92(108) Binary Switch: = +1
(108) 8K1023F 831018F | From (107)
561736F 841022F
8s81022F 854(7) bi =B, ¢ (l/:t‘(xj))
80k (J1) 8sh(7) jr = -1
630 512F 83(107) ng: = n5+2
SKF 8KF
851020F 8K1F a: =0
(109) 849T8F 8sk(J) From 4(109) r: = k+l or r-1
551530F 561736F
841020F 831020F as =a,_, + (E(xr)/ﬂ' (x.))
854 (J) 80k (J1) F: = r-1
512F 82(109) ngt = n5+2
811020F 861022F F: = -a/b
(109.2) 93(109.5) 50(109.2) From 2(130) | BEGIN Step I of MODE II
640 26 (A7) BKF ( F: =0
(109.5) 831022F 8KF From (109.2)} h: =0 or - a/b
(110)  S5K51F 581940F 1940F + ng: = 0
52(110) 8K1F BEGIN store y(xr) + hat 1736 + n,
8S1018F 831018F re =1
2KF 8K1023F nyt =0
(112)  8S1020F 851020F | From (116)
647 82(113) 8K1F F: = +1
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648  |(113) 93(11k) 8KLO23F F: = -1
(114)  8s1020F 8TLO022F Binary Switch:= + 1
650 2415%0F 281736F 1736 + ny: = y(x) +h
85978F 801018F F: = k-r
83(115) 92(116) Go to (116) if finished storing
y(x)) +h
(115) 851018F 8u4k4(J1) T
831018F 212F r: = relj n,3 o= nyH2
(116) 92(112) 8KIF From 3(114%) | BEGIN compute (yj w27y +l)/xj+
8S1014F 1KF B paiasy
(117) 11oF 8KF From 10(118) n: = 2/5
831018F 2KF js =0
2F55F SKF n,: =2f
660 |(118) 251426F 501426F From 7(118)
8S1016F 551738F
50L736F 861016F
5S1736F SL2F J-_Z%F + 2,1 = (yj +l—vy‘j+l)/;(xj+l+ (g
DICF BKLF g+l
841018F 8SLO18F Jjs o= J+l
85978F 801018F
801014F 83(118) Go to (118) if k- yg -y >0
8KIF 841014F |
851014F 85978F ﬂ : = /5) +1
670 80101LF 83(117) Go to (117) if K - ,5 >0
851736F 1S1940F 0t =2
8KF 8S1018F =0
(119) 2KF 2F55F From (123) n, = n,

674

85978F 801018F

1 f




LOCATION ORDER NOTES PAGE 31 KA 2

675 |(120) 851014F 511426F | From 5(120) | 3i= k-Z

271940F 2&19381?

251938F 8KLF J’j: =d’j -xﬂ+2}j+l
841014F 8S1014F | Jr = J+1
212F 85978F oyt = D2

680 801014F 82(120) Go to (120) if k-3 >0

551736F 141938F

181938F 8KIF ¥ e = XJ.+ z Bie

841018F 851018F A =pf1

OL2F 512F n,: = nl-2; n5: = n5+2

80978F 82(123) Go to (123) if finished computing

polynomial coefficients

(123)  93(119) S5KF

(124)  8K1F 8sk(J) From 1(125) je =1 or j+l
551634F 5019LOF
55(N) 8KF Kol T SRV
J J J
690 8N6 (N1) 83(12k.5) Go to (12%.5) if Mode II

551634F 541940F

174
o +1: _ ex L +1

58 (N) 5S(N) + Ae

(124.5) 5L2F 85976F From 3(12k) J J ’
8ok (J) 82(125) F: = k-j; Go to (125) if finished
(125) 93(125.5) 8T
84k (T) 92(12k)
(125.5) 856(J1) 806(W1) | From (125)'
83(126) SK2F Go to (126) if < .5 x 10897
87(31) 8S6(NL) 53 = .1x10°00
700 | (126) 87(206) OOF .| From 1(125.5) | Go to Program B, continue Step II

26T59N




TOCATION ORDER NOTES PAGE 32 KA 2
00T750K
(127)  50430F 50750F From (71.51) |Playback Program B
26 (Y1) 005953F
00320F 22 (42.62) Go to (42.63) to print out
extrema
(128)  504%0F 50753F From 4(42.63) | Playback Program D
26 (Y1) 006595F :
003%20F 22(71.51) | By 2(30.10), |Go to (7L.51) (or 16(71.51)
16(71.51) if two few extrema)
(129) 50430F 50756F From (8) Playback Program C
26 (Y1) 00627LF
00320F 26626F Go to (71.3) to read in Auxiliary
Subroutines ‘
(130) 50430F 50759F From 1(71.16) | Playback Program D

26 (Y1) 006595F
00%20F 22(109.2)
001 (207) 02K
2616F 93(30.05)
002 (204) 02K
00320F 26(27.1)

26762N

Go to (109.2) for first itera
of Mode II .

tion

Go to (30.05) to continue Step II

iteration

Go to (27.1) to terminate problem
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