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Description

This routine compares ES with the MD image of ES and prints out those
words of ES which are not the same as their correspondent in the image.
ES is not altered by the routine, and the MD image is up-dated to be
identical with ES yhen exit is made from the routine.

The routine stores ES at addresses 66000b to 67777b and reads portions
of this image and the regular image (76000b - 77777b) into ES and com-
pares words. '

If the corresponding words are the same, they are replaced by zero, unless
the new value is zero. In the latter case the word is replaced by 45 40037
£40020b. The changed words and zeros are then read into ES. ES is then
dumped on the line printer. (Note: Until the line Erinter is in use,

this dump will be made onto cards by employing MDP-4). ES and the 76000b
image are then restored from the 66000b image.

Each card contains six. words. If any one word is zero, it should be ig-
nored as it is not a changed word. A word whi¢h has been changed to zero
has been given the arbitrary tag 45 40037 40020b and will be punched as
such. Also, a word that was changed to this tag will be identified in the
same manner. The programmer must therefore distinguish between these

two cases. ‘

Operating Instructions

1. outine is used as a s c utine set PAK to 40037b.
Routine will find changed words, print them out, and stop
on 56 00000 40037b. ' '

2.  MWhep routine is used as e subroutine enter routine with 37 40020
40037b. Operation of routine is the same except that routine
exits to address y+l if y is the address of the RJ instruction
used to enter the routine.

3. Most service routines use all or parts of ES and their activation
will destroy the old 76000b image. Hence, if a changed word compari-
son is desired, the execution of MDP-3 must precede the use of other
post-mortem routines.

Alarm Condjtions

‘There are no alarm conditions in this routine. However, if the routine

hangs up during punching, or if the machine is halted during punching,
a start at 40040b will clear the punch, restore ES, and up-date the
76000b image.
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v Nth Rcot Routine

Specifications‘
Identification ng: NRT—O
Type: | Subroutine
Assenbly Routine Spec: SUB 51316 03701
Storage: 36 instructions, addresses

10F00 thru 10F35

1 constant in program, address
10F36

37 words total program storage, addresses
10F00 thru 10F36.

4 words temporary storage pool used,
addresses 00027b thru 00033b

The constant pool is used by this routine.

Progream Entrance: Address 10F02
Program Exits - : Address 10F01
Alarm Exit: The alarm exit is used by this routine.
Drum Aasigmxeht: Address 6606Lb thru 66130b
Machine Time: Average execution time

z(n-;% + 5 milliseconds for n & 50
Mode of Operation: Fixed point
Coded by W, Frank - November 25, 1955
Code Checked by W. Frank November 28, 1955
Machine Checked by: W. Frank November 30, 1955
Approved by: | W. F. Bauer December 1, 1955
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Description | ‘
This subroutine extracts the niB root of any mumber M, scaled at 235, and
such that | |
| w235 | £ 235 -2,

n mus£ be an integer in the range
o 2 4 n 2 2*2
The routine must be entered wi’oh M.235 in A end ne2° 4in Q. The result will

be left in A, scaled at 235 at the conclusion of the routine.

’ Progganmd.ng Instructions

1. Place 4+2¥ in Ap. (A’L) is ignored by this routine.

2. Place n+2° in Q.

3. Ent,er the subroutine with RJ OOFOL OOFO2 » where OOFOO is the location
of the first word of NRT-O. _ |

. The subroutine returns control to the cell following the RJ instruction

with ( %) 235 in A,

Alarm Conditicns

¢ ¥

The subroutine enters the alarm routine AIR-1 if n is negative or M is
negat_ive for n even, In ei_ther case, the word "alarm" is .priz;ted on the
ﬂexmitér, followed by‘th'e octel address of the RJ instrﬁotipn used to
enter NRT-0,

Execution Time

The time ta.ken to £ind the nth root of a rumber is inveraely pro'por'bional to
the magnitude of the number and diroctly @ropor'bional to the size of n, 4n
average estimate, for n & 50, is approximately 3(n-2) +5 milliseconds.
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An iterative procedure, employing the Newton-Raphson method®, is used to
aeive the equation
xhe)M

The process is of second order and is d@fined by

e T T '%"[(;52:%‘1 - xi]

where X, 2B 2% o1

The iteration is termﬁngted when

M ~xsaa0

(%)™
A pecondary test 1s made to insure

|# | < (r)™2
Thia"best 1s necessary, eventhough the proeess 1s monotoniej for, it is
possible that truncation of the result of mltipliaat;oﬁ and divieion oan
violate this property. In that event, X is taken as the solution.
A special cass is M = 0, where the éolution is x = O for all p.

Acourac |

The error in the result of this routine was found to be less than 10"‘1?;
that is, for an input ergument, which is correct to 35 bits, one oan sxpeot
en answer which mey be ineorrect at most in the right cotal digit.

*8oarborough, J.B., Mumerical Mathematioal Analysis, second edition, The
John Hopkins Press, Baltimore, Md., 1950, p. 192.
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Identification Tag:
Type:
Assembly Storage Spec:

Storage:

Drum Agsigrment:
Program Entrances:
Program Rxit:
Machine Time:

Mode of Operation:

Coded by:

Code Checked by:
Machine Checked by:
Approved by:

RW-91
(REV)

NUI-3
revised 9/14/56

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

G113 Method Subroutine

Specifications

NI-3

Subroutine

suB 49880 OoTh1k

59 insﬁmctims , addresses
0GMOO thru OGM4O
IGMOO thru 1GMLT

15 constants in program, addresses
- OGCOO thru OGC1L

T4 words total progrem storage, addresses
OGMOO thru OGM4O
16MO0 thra 1GMLT
0GCOO thru OGC1h4

10 vwords temporary storage pool used, addresses
00027 (0GT00) thru 00040b (OGT09)

Addresses 632300 thru 63341b

Addresses OGMO2, OGMO3, and OGMOY
Address 0GMOL

(10.3 n + 1.9) ms per point average, where n
equals the number of equations in the system

Fixed point
J. Carlson
R. Douthitt
M. Elmore

- R. Suwmmers
M. Elmore June 8, 1955
M. Elmore July 7, 1955
W. Bauer July 22, 1955
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Des‘crigtion

The Gil} Method Subroutine integrates a system of first order, differentisl

equations using a step-by-step process. Using the values of the variables at a

‘point and the coding for computing the derivative of each of the dependent variables

at that point, the Gill Method Subroutine produces the coordinates for the nerb
point of the solution each time it is entered. ,

A specia.l entrance sets up the subroutine for a particular system of equatibns ’
thus a&llewing the subroutine ‘to solve concurrently several different systems in the

same prog'am

The independent variable is incremented within the subroutine ‘i-f;'self;

Notation
Thé system of equations to be solvec‘l’ is
= = & (x, Yyr Ypr v oo- ,_yn), (1 =1, 2, R n).
q_l' é.re infermgdiate values of the calculation (zero initielly)
AX ‘is the mcréfnent of the independent variable x
h is the binary scaling power of x (i.e. x-2! 18 in the comptr!:er)
- h-1 is the binary scaling pover of Ax ’
' i »is the binary scaling power of y:L
f is the common dg.rifference between the sca.ling power of yi and the- scaling
i

power of = for each 1.

‘dy .
m, - £ 1s the binary scaling power of -a-x}-

L=T3+f-h

Programuing and Operating Instructions

Assign the G111 Method Subroutine to some arbitrary region, say OGMOO.

In order to solve a glven system, the following array of varisbles ; derivatives,
intermediate values, and parameters should be assigned a region, say OGNOO.



 (REV)
NUI-3
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_ reviged 9/1h4/56
OGNOO L '

OGNO1 00 OGNO5 OGNOS

OGNO2 ‘n-1

OGNO3 - Ax  scaled AL
OGNOb- % scaled 2}?
OGNOSV | -‘?x—]-'- | scaled ‘ml - P
OGNO6 ¥y scaled ml
OGNOT 9 initiaelly zero
0GN08 | g—yx—? scated m, - £
OGINO9 Y, scaled m,
OGN1O 9, " initially zero

The‘ qi mst'be set to zéro i_rsiti&Llfy’ ty the programmer.

dy .
In aﬁdition, the coding for computing a—;— for all i, (1 =1, 2, «+ . ,n) shm:ld,

' 'be assigned a region, say ODEOO. This coding will use the values in region OGNOO

day.

to compute all a—}-{-ji as specified by the equa.tions in the system and should place the

results in the appropriate places in region OGNOO. It should then exit to the Gl
Method Subroutine with an MJ 00000 OGMOL (Bee below).

Asauming the G111 Method Subroutine. is in region OGMOO, the three entrances are
:ocmz, 0GMO3, and OGMDII- The exit is OGMDL

The first exrbrance ,.0GM02, is used for setting up the Gill Me‘bhod Subroutine only
for ‘the particuler system to be solved. It is entered by an RJ command followed

by a parameter word vhich specifies the location of the varisbles, and the location
of the coding for calculating the derivatives: :

RJ OGMO1 OGMD2
00 OGNOO ODEOO

The second entrance, OGMO3, is the entrance for producing a point of the solutiom.
It is entered by an RJ command: RJ OGMOl ‘0GMO3. Entering using this commend
results In four passes through both the Gill Method Subroutine and the coding

for computing the derivatives, and leaves in region OGNOO the new values of the
variables, the derivatives at those values, and x sdvanced by Ax, ready for the
next step.

The third ensrance, OGMO4, is the entrance from the coding for calculating the
derivatives and 1s used on each of the four passes necessary for computing one
point. As noted above, it is enteredlgy‘lﬁx MJ commeand in the ODEOO region:
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Mathematical Analysis

{

Theoxl,r "A Process for the Step-by-Step Integration of Differential Equations
in an Automatic Digital Computing Machine"” by S. Gill, published in Cambridge
Philosophical Society Proceedings, Vol. 47, Part I, January 1951, should be
consulted for a detailed anslysis of the process on which the subroutine is
based. :

Suppose we know the point x, Y

.+, Y) on the curve defined by the =
system of equations : o o ;

l’ YZ’ k

= fl (X, yl) yzy R yn_)

dyl
dx
d;yz . ’

’a"‘x“- = fz (X, yl} y2) L S § yn)

dyn
'&":{“ ‘."—"f '(X, yl,' yz) - 'v > y )

The Gill Method is & process by which we can find the next point on the curve:
ie. thevalueofyl, Ygr = v+ 5 ¥y forx=X+h

The process can be better understood if the case where n=1 is first considered.

We have the point (X,Y) on the curve _@I f (x,y), and ve went to find y ot

X + h; i.e. we want k = &y such that —% =f (X+ h, Y+ k).
X+h Y+ Xk

Wé derive k by ma.king four approximtions and averaging them in a particular wa.y.

 First apﬁroicimte the curve by a straight line through (X,Y) with the slope %]

f (\2( Y), and find a first approximation to k: % b

k, th(XY)

Then we ‘travel a fraction m of the vay along this line to the poin'l: x + mh, Y + mk '
and find f (X + mh, Y+m0)-

This givea us & nev straight line through (k + wh, Y + mk ) with slope 4 (X + nh,
Y+mk ), and we find

e

ll-hr(X+mh,Y+mk)

We now use k, and k) o find & third point at which £ 18 calculated: (X + oh,
Y+[n-r]k +rk1) '

k, ahf(X+@,Y+[n—r] X, +rkl)

[
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Similarly, u
k3 =h'f (X +ph, Y+ “[p-'s-t] kQ + ski + -tkz_

The weighted average of k kl, ka, and k3 is the desired k = 8y
] = . - = . g
Y=y (x + h) -y (X) ek + ek + °z"z + c3k3‘
vhere R + c:L + c2 + c3 = l.’

For a system of equations, ‘the same four steps given sbove are mde for each
equation and

8y = coki + clkil + c::zkﬁ3 + c’3k13 where co + e, + e, + c3' 1.

The above process is, for certain values of m, n, p, -8y t, co, 61, cz, and, c3,' the
Runge-Kutta process. The Gill process was derived, with application to machine use
in mind, by minimizing the numbér of storage cells required. For the Gill Method

the above constants are

m=1/2 , r = 1 - Y12, c, = 1/6

n=12, - s= - 7ij2 , cl--(l/j}) (- 1172)

pe1 =14 AT, ¢ =(1/3) @+ VD)
ey = 1/€

The G111 process further systematizes the calculation so as to increase the accuracy
and simplify the coding.

The Subroutine As used in the Gill Mhodﬁubroutine, the process is as follows:

lst pass: _
Advance x by (1/2)h

kiO = hbfi (x) le’ yZol . v°i‘(' ’ym)

1 u(l/z) ‘10 ~ qio

U = Yot Iy -7k,

Y < Yig*t T | |

Calculate f:l (gﬁ,yu,yﬂ, C e ey yh)'in.p‘rbgranmer'é own coding.
2nd pass: o a | | "
Xy, = (1 - V172) (k, - -qil)
Yo ‘111‘“3”12' @- 172 “‘11

"12 =¥y * Ty

Calculate r (x,ylz,yaz, . sy yn&) in progrmr‘n own coding.
10-416
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3rd passr5

Advance x by (1/2)h

kyp= By (500000 + o w5 Vpp)

ryg = L+ Y12/2) (g - qp)

Qg = qp + 3ry3 - (14 7r17§) ki

Vi3 " Y12 * Ti3

Calculéte £, (x,yl3,y23, . e e, jn3) in‘programmer'g own coﬁing.
4th paés: | | | |

k13 = hef, (x,yl3,y23, . .. ynj)

ry, = (/6)(k,; - 2a,,)

9y = Y3 " 3y - (1/2)ki3

Vi = Y337 Tay

: o 1 ]
Calculate #i(x’ylh’yzh’ . 2oy ynh) in programmer's own coding.

7
..g

Machine Checking

A driver routine solved two systems of equations both separately and'concurrently,
using the Gill Method Subroutine. The two systems solved are given below to
indicate accuracy and to serve as examples. s

1IN A"y
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1. Bquations

.d._y..].'. = y

dx 2

ay » equivelent to the second order equation,
2

——— = -y 2

dx 1 d % +y =0,

ax

AX = .087266’4626 st/36 = 5°

Initial Conditions

At x=0, Y, = 0 and Y, =1,

Solution

yl=sinx

Accuracx :
In a spot check of the _resﬁlts » the greatest absolute error observed was
1.5 x 10'6! (For x = 3.1415925696, Yy = .0000015425. However, sin x =

LA .

2. Egggtions
dy. )
1_
& "2 )
dy. : ~ S , :
= = A [ Eauivelent to the third order equation
&, v, . ..2 x a3y - a® 2
3 .73+ | —-—% -——%rshx
ax X . dx dx
Ax = .1

Initial Conﬂitions

At x = .1, yl 000025, ¥y = aOOl,'y3 = ,03

~ Solution
Y, = 3_:&-x3+ x - 1
' 3 & 8000 120,000
Accuracy
In a spot.check of the results, the greatest relative error observed was
3.k x 107 (Por x - .1999999975, ¥, = -00042499858." However, the solution

is actually . 00014+2500002) .

10-418



(REV)

RY-91

revised 9/1’4-/56

NUI-3
Pg. 8 of 9

B — F o EE e B oV G VIES  BEVA TS LI o BN s PRV ERAVIE S B s B BE GO TS Ve v D -

fes) @D o ey NS MUY Y N D D T Oy S e e [ W

= [~ 3O W D D Dy T oD D D Dl Wy 0 D DD D 0 I O

2 ] oA SR DD I D O DS N N NN DN DD

Pl fn X b v LS DD DD I DD WD QI D QD e DR
I (@] NN s R ¥ b e A I LU IS Yo S I e

o P -y T F 7 PRI ) e O 0 Y e AN DD O3
L LY i L < B L T REaT R o i B Gu B i Be
] [ s i e} b D3N O DD Oy <D
) o) O30 3 9 DR D DS O D

Fu

75
,3
PO

23
1
1

PR

LT e T e 2D e O D P (D e (LSRR TRV
: B BEA IR BN+ AT 2 B3 0 O ey o oar 2 e

‘
d

3
37

Y NN DN )
e B S W T e IS B A A NS A RS A N S NS SRR
. ; ; Y A D

&

[N BRR VLR BES ES I
o [93 BESA TS
Yol

o~
P~
DN
ha)

O

o P ro i :
ied [y S o
i~ e sl 95 A o
N s -l [EPAE Rt QTN ] Wi v
[0 R N A W G s M Lt e Y i
- il O fin] -
O Z s oD LR U N e N .
t= Wl W U 2 [P IR I

i
H

Iy
i

A

]

i

! f-.—‘,»'
feY ey 4%
u\?‘."i".z' s

00
MU0

b

- 2
- [ DD %) i~
s i o et YR e! il ol mf
(@] [gr I éw ey o R ~F
[ QD O o o e o
EERCE SV WV T RO - HRS
JAERSEE SRR SO G N Y v Cin D D D S
NN G e OO DM EEC SR
YT IR =l = RN & WG NS SR o S 4 WY B WS G A T p]
O EE Ll 6 s i e o e @ A AR O S S B poy

£~ R BANG] O Do Onlgty ja
foe ¥ -} R e O OO NN LN
== TN T MR XY N =

<
2

o

G
G
2GMG 2

_ RURUETET BUEEBOOEEEE
O OLO ON OIS OO O 0 O ed O T g T O N

D
D
)]
D
2
2

(16)-01-0061L Xd



o CREV)

NUI-3 _
Pg. 9of 9
revised 9/1/56
2GM40  QJ OGMO1 OGMO7 ' 63300 44 02001 02007
3GMOO  SP OGMO1 00015 ' 63201 31 02001 00C17
3GMO1  TU A 1GMO2 ; 63302 15 26000 02052
- 3GMp2 TP 0GT700 - 63303 11 ©o00C¢ 00027
3GMO3 TV 0GT00 OGM33 , 63304 16 00627 02042
3G6M04  TU OGTOC 1GMOS ' : 63305 15 06027 02056 .
3G6M05 TV OGM17T . 63306 16 GCOCTE 02021 .
3GM06 RA 0GTOS 15 63307 21 00627 00017
3GMC7 - RP 10003 1GMO9 - 63310 75 10003 02062
3GM08  TU CG700 OGMil _ 63311 15 00027 02013
36M09 RA 0GM13 15 : 63312 21 Q2015 00017
36M10 AT 15 A 63313 35 00017 20000
3G6M11  TU A 0GM1lé _ 63314 15 20000 (2020
3GM12 U A 0GM38 - 63315 15 20060 02044
-3GM13  LQ A ' 21 63316 55 20006 00G2!
3GM14 TV Q 0GM38 ~ 63317 16 13000 02046
3GM15 RA (0GM38 15 ' ' 63320 21 02046 00017
3GM16.  RA OGMO1 16 63321 21 62001 00020
3GM17  MJ © 0GMO1 . 63322 45 00000 0200}
- 16C00 6C 63323 00 02073 00000
16001 o 3 B €3324 06 0OQGO3 00000 -
. 16€02 3 8B . 63325 00 00080 GOGO3
©16COo3 5 . - 1 34 Al SCALE 34 63326 10 66000 00000
. 16C04 -1 34 Bi 34 63327 57 77i?T 1017
. 1605 -5 -1 34 (1 34 63330 67 7777V 17771
- 16C06 02 92893 21881 - 1 34 A2 S$CALE 34 63331 04 53730 31460
~16C07 -2 92893 21881 - 1 34 B2 34 63332 73 24047 46317
©16C08 - ~2 92893 21881 ~01 34 (2 SCALE 34 63333 73 24047 46317
- 16€09 1 70710 67812 34 A3 34 63334 33 24047 46320
16C10 -1 7071¢ 67812 34 B3 34 63335 44 53730 31457
16C11 =1 70710 67812 . 34 <3 34 63336 44 53730 31457
16C12 1 66666 66667 ~ 1 34 A4 34 63337 02 52525 25253
16C13 =3 33333 33333 - 1 34 B4 34 63340 72 52525 25252
1

- 16C14 =5 -1 34 Ca 34 63341 &7 77777 77777

10-420
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THE RAMO-WOOLDRIDGE CORPORATION

Identification Tag:

Type:
Assembly Routine Spec:

Storage:

Entrancé and Exit:

Machine Time:

Coded by:

Approved by:

PX 71900-10-(143)

Los Angeles 45, Califormnia

Floating Point Gill Method

NUI-k

Subroutine
SUB 51921 08914
89 words total program storage

9 words temporary pool used,
addresses 27 b-thru 37 b

The constant pool is used.

' RJ GILOl GILO2  set up

RJ GILO1 GIIO3  to get next point

MJ 0  GILO4 From derivative calcu-

“}ation
Approximately (9.7 + 84.6n) m.s. per time

interval, vhere n equals the number of
equations in the system.

J. Carlson o May, 1956

W. F. Bauer | May 10, 1956
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Description '

The Gill Method Subroutine integrates a system of first order, differential
equations using a step-by-stép process. Using the values of the variables
at a point and the coding for computing the derivative of each of the
dependent variables at that point, the Gill Method Subroutine produces the
coordinates for the next point of the solution each’'time it is entered.

A special entrance sets up the subroutine for a particular system of
equations, thus allowing the subroutine to solve concurrently several differ-
ent systems in the same program. :
The independent variable is incremented within the subroutine itself.
Notation
The system ofv,eqﬁati‘ons'to be solved is
dyi : , ;
dT zfi (x,yl’ ya’ o o o ,,yn), (i =l, 2, " e o+ oy n)n
‘n is the number of equations in the system. .
q, are intermediate values of the calculation (zero initially)

x i8 the increment of the independent variable x

Programming and Operatlng Instructions.

SNAP must be in E.S.

.Assign the Gill Method Subroutine to some arbitrary region, say GILOO;
This region need not be located in the lewinumbered half of E.S.-

In order to solve a given system, the following drray of

variables, derivatives, intermediate values, and parameters should be -
assigned a region, say DEQOO. Although the programmer will undoubtedly
desire to have this region located in the low numbered half of E.S., it
is not necessary for the operation of this subroutine. ‘

'DEQOO n  Fixed.point form scaled 2°.
DEQOL AX Floating point form
| DEQO2 x "
DEQU3 dy, | "
| dx,”
DE‘QO!* | 51 S o
DEQO5 q | n

CTM qi must be set to zero initially by the programmer)
1N_A99
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DEQO6 2
&
DEQOT ¥,
DEQO8 4,
_ dy
In eddition, the coding for computing —> for all 1, (i =1, 2, . . ., n)

should be assigned a region, say DFQO0O. This coding will use the values in
region DEQCO to compute all dyy as specified by the equations in the system

and should place the results in the appropriate places in region DEQOC. It
should then exit to the Gill Method Subroutine with an MJ 00000 GILOM (see below).

Assuming the Gill Method Subroutine is in region GILOO, the three entrances are
GILOZ, GILO3, and GILO4. The exit is GILOl.

The first»entrance, GILO2, is used for Setting up the GIll Method Subroutine
only for the particular system to be solved. It is entered by an RJ command
followed by a parameter word which specifies the location of the variables,
and the location of the coding for calculating the derivatives:

RS GILOL GILOZ
00 DEQOO = DFQOO0

The second entrance, GILO3, is the entrance for producing a point of the
solution. Tt is entered by an RJ command: RJ GILOl GILO3. Entering using
this command results in four passes through both the Gill Method Subroutine
and the coding for computing the derivatives, and leaves in region DEQOO

the new values of the variables, the derivatives at those values, and x
advanced by &x, ready for the next step.’

The third entrance, GILQh, is the entrance from the coding for calcubating
the derivatives and is used on each of the four passes necessary for computing
one point. As noted above, it is entered by an MJ command in the DFQOO region:

‘MJ 00000 Gn.ou
Mathematical Analysis

Theory. "A Process for the Step-by-Step Integration of Differential Equations
in an Automstic Dlgital Computing Machine" by S. Gill, published in Cambridge
Philosophical Society Proceedings, Vol. 47, Part I, January 1951, should be
consulted for a detailed analysis of the process on which the subroutine is
based.

Suppose we know the point (X, Y, Y, ... Yn) on the curve defined by the
system of equations ‘

PX 71900-10-(143)

1 .
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ay,, ~
T =T (K0 ¥y Vpr e e s W)
ay

dx fn (x} yll yz) e * oy yn) :

The GillMethod is a process by which we can find. the next point on the curve:
i.e. the value of Yyr g2 o s yn’for x =X + h.

The process can be better understood if the case where n = 1 is first considered.

We have the point‘ (X,Y) on the curve % = f{x,y), and we vant to find y at

X+ h; i.e. ve vant k = bysuchthat%;g =f(X+h, Y +Xk).
, X+h, Y+k

We derive k by making four u.pproxixhatiens and ,mieraging them in a particular
W’ ' ' . .

First approximate the curve by a straight line through (X,Y) with the slope

‘%x Y= r(x,r), and find a first spproximation to k:
2 : ‘
k = h£(X,Y)

Then we travel a fraction m of the way along this line to the point (X+mh, Y+mk )
andrindf(X+mh,Y+mk)

This gives us a new straight line through (X + mh, Y + mk ) with slope
f(x+nh,1'+mk ), and we find

l=hf(xfmh,z+nké)

‘We now use k_and k, to find a third point at which f is calculated: (X '+ nh,
Y+ [n-r] k o+ rkl),'

ky=h f(x +nh, Y + [n-r] k, + k)
Similarly,

kg
The weighted average of ‘ko, k

= h+£(X +.ph, Y + [p-—s-{‘ k + 8k + tk,

1’ kz, and k‘3 1s the desired k = dy¥:

vy = y(X + b)-y(X) = ek + ek + ek, + c‘3k3

where’co + cl + cZ + c3 = 1,

10-424
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For & system of equations, the same four steps given above are made for each
equation and

byi = cokio +clkil + czkiz 3 i3 where e, + €+ o, c3 = 1.

The above process is, for certain values of m, n, p, s, t, co, c and ¢

1’ 02’ C37

_ tﬁe Runge -Kutta process. The Gill process was derived, with application to

machine use in mind, by minimizing the number of storage cells required. For =
the Gill Method the above constants are

..1/]__—/—,‘ c: =‘l./6>ib

m=l/2, z{: o

n-12,  s- -1z, o =(1/3) (-d1/2)

p=1, t =1 +/1/Z, fcz—(1/3)(1+ﬁ/—2)
cq =1/6

The Gill process further systematizes the calculation so as to increase the
accuracy and simplify the coding :

The Subroutine. As used in the Gill Method Subroutine, the process is'as
follows: S ‘ :

It is assumed that the f (x, Y107 yzo, TR ) and the yi are ‘available.

1st pass.
Advance x by (1/2)h
kio h f (x) yloJ yzo, . v' ®2 y )
fy e,
Yy = Yo * Iy ~(1/2)k,
Yi1 V0 F i1 -
- Calculate f, (x’yil’yél’ . e e yhl) in programmer's own coding.
gnd pass:
B kil = h fi (x)yll)yzl) e * ynl)
Fi2 T (1 -71/2) (k- q‘il)_
Gz = Y41t Iyp T (1 - 71723k,

Yy =¥ *T

Calculate £ (x, Yyp0 yéz,«... . ) in programmer 8 own coding.

yn2
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3rd pass:

Advance x by (1/2)n

kig =BTy ("’ylz’yzz’ SRRTRATY
-+ VI8 (xy, - )

qi3 =q, + 3r:L3 - (1 + )/-IE’).k12

Vi3 ® Va2 + 13 |

Calculate £, (x,yl3,y23, . e ey yn3)
bth pass:

ki =BTy (6¥y30¥p30 - ¢ vy
4y = Y3 - 3y, - (1/2)k g

Yiy = ¥43 + Ty

Calculate £, (x’ylhf}'zh’ . . ey ynh) in programmer's own coding.

10-426
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Machine Checking

T_he_ following system of two equations was solved using this routine:

ay.

-—-}*ECOSX
ax {

ay

2
= = «-gin x

The initial conditions, &« x = 0, were

yl=0 and yz=l

The interval, Ax, used was 2x/360 radians. At x = 360" the results
were sccurate to 8 decimal digits. '
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D GIL00 01024 _ , 02000 00 00000 00000

D GIMOO 51921 o 67221 00 00000 00000
GIMOO  MS 00000 GILOO 67221 56 00000 02000
GIMO1  MJ 00000 006000 67222 45 00000 00000
GIMO2 MJ 00000 GIL49 , 67223 45 00000 02061
-~ GIMO3  MJ 00000 GILOS ‘ 67224 45 00000 02010
- GIMO4 RA GIL71 00016 : 67225 21 02107 00020
GIMOS  EJ GIL69 GIL?3 67226 43 02105 02111
GIMO6 EJ GiLé&8 G1ILO1 67227 43 02104 02001
GIMO7 MJ 00000 GiIL18 : 67230 45 00000 02022
GIMO8 TP 00016 GIL71 67231 11 06020 02107
GIMO9  TU 6tk72 61L20 67232 15 02110 02024
GIM10 TP 00000 GlLBS8 67233 1l 00000 02130
GIM11 TP 00000 00024 67234 11 00000 00030
GIM1Z TP GiL8B8 00002 - 67235 11 02130 00002
GIM13 ADNO 00024 Q0000 S | 67236 14 04030 00000
GIM1a TP 00002 GlLB7 : 67237 11 00002 02127
6IM15 TP G6iLTS 00031 ‘ 67240 11 02113 00037
GIM1é ADMP 00024 €0031 ' ’ 67241 14 04030 14037
GIM1I7 TP 00002 00000 . 67242 11 00002 00000
- @iMis TV 00000 GIL70 : 67243 16 00000 02106
GIM19 RP 30003 GlL21 ‘ 6T244 15 306003 02025
GiM20 TP 00000 00023 67245 11 00000 06627
GIM21 RA 6iL20 GIL67 : 67246 21 02024 02103
GIM22 TU GIL66 GILZS _ , 67247 15 02102 02031
- GIM23 1tV 6tLé66 GlLa4. . L - 67250 16 02102 02054
. GIM2& RP 30003 Gik2e o . © 67251 715 36003 62032
. GIM28 TP 00000 00026 _ . : 61262 11 00000 00032
- GIM26 TP 00024 00002 ‘ 67253 11 00030 00002
 GIM27 MPNO 00028 00000 67254 14 14034 60000
GiM28 TP 00002 00029 _ 67255 11 00002 00035
GIM29 TP GiL8B 00002 , 67256 11 02130 00002
GIM30 MPNO 00026 00000 : 67257 14 14032 00000
GIM31 TP 00002 00030 o 67260 11 00002 00036
GIM32 MPSU 00023 00029 : 67261 14 14027 10035
6iM33 TP 00002 00029 ‘ 67262 11 00002 .0Q035
GIM34 ADNO 00027 00000 - 67263 14 04033 0ol
GIM35 TP 00002 00027 ' : 67264 11 00002 00033
GiM36 TN 00025 00002 , 67265 13 00031 00002
GtM37 MPAD 00030 00028 . 67266 14 14036 04034
.GIM38 TP 00002 00030 - 67267 11 006002 00034
6IM39 TP GIL85 00031 o o . 67270 11 02125 00037
GIM4O TP 00029 06002 o - . 67271 11 00035 00002
GiIM&1 DVAD 00031 00030 . : 67272 14 20037 04036
atMa2 TP 00002 00028 | 67273 11 00002 00034
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GIM43
GIM44
GIM4S
GIM46
GIM4T
GIM48
GIM49
GIM50
GIM51
GIM52
GIMS3
GIM54
GIMS5
GIM56
GIMS7
GIMSS
GIM59
GIM60
GIMG61
GIM62
GIM63
Giloe
Gilss
GciMed
GiMe?
GtMes
GIM&9
61M70
GiMTL
GIMT2

- GIMT3

GIMT4
GIM75
GIM76
GIMT7
GIM78
G1IMT9
GiMs0
GiM81
GiM82
GIM83
GIM84
GIM8S
GIM86
GIMs?
GciMas
START

RP
TP
RA
RA
RS
ZJ
P
LA

TP
v
Tu
AT
TU
AT
TU
Tu
LA

TV

TV
RA

RA
MJ
00

0o
00

00
00
00
00
TP
MJ
05

01

05
02
02
02
01
01
01
01
03
05
00
00

. G

35003
Ceoes
Gilz2s

GILag
GIL7O
Gikz24
GiLOl
AGCOO
AQCCO
00C00
AQCOO
AQCO0
00015
Apco0
00015
A0000
A00Q0

AQGO0

AQCO0
AGCO0
G§h66

Lol
bo6coo
00000
00c03
00000
00000
00000
00000
GIL75
GIL87
00000
00000
00000
00000
92893
92893
92893
70710
70710
70710
66666
33333
00000
00000
00000

GIL45
0..°0
Gile7
GIL69
00016
00000
A0000

00015

GILS2
A0QO0O
GIL48
GIL18
A0000
GIL10
A0000
G6iL11
GIL66
00057
GIL17
GILG&6
00017
05016
Gilo1
00000
000600
00005
00003

00000

00000
00000
00002
GIL17
00000
00000
00000
21881
21881
21881
67812
67812
67812

66667

33333
00000
00000
000090

[safnsfuvger QuiRorgeed

RB

=01
00
=01
=01
=01
=01
00
00

0o -

=01
=01
=01
8
f

MMMV TRARETMIAT

67274

67275

67276
67277
67300

67301

67302
67303
67304
67305
67306
67307
67310
67311
67312
67313
67314
67315
67316

67317

67320
67321
67322

- 67323

671324
67325
67326
67327
673340
67331
67332
67333
67334
67335
67336
67337
671340
67341
67342
67343
671344

67345

67346
67347

67350

67351

RW-143
(REV)

NUTI -k

Pg. 9 of 9

Lo ! P
Revised

30003
00032
02931
02054
02106
02030
062001
20000
20000
00000
20000
20000
00017
20000
00017
20000
20000
20000
20000
20000
02102
620601

60000

00000
00003
00000
00000
00000
00000
02113
02127
00000
04000
14000
04000
74537
74537
74537
16650
16650
16650
65252
15252
64000

. QG000

00000

00000

9/14/56

02055
00000
02163
02105
00020
00000
200090
00017
02064
20000
02060

02022

20000/
02012.
20000
02013
02102
00071
02021
02102
006021
00020
02001
00000
00000
00005
00003
06000
00000
00000
00002
02021
00000
00000
00000
30314
30314
30314
11714
11714
11714
52525
52525
00000
00000
00000
00000
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

FLOATING POINT SINE-COSINE

Specifications.
Identification Tag: SIN-4
Type: Subroutine
Assembly Routine Spec: SUB 51856 06510
Storage: 65 words total program storage

5 words temporary storage pool used,
addresses 27 b through 33 b.

The comstant pool is used by this routine.

Entrance and Exit: RJ SUBOL SUBOZ for the sine

RJ SUBOlL 8SUBO3 for the cosine

Machine Time: 3.9 ms average, 4.8 ms maximym
Coded by: M. Perry May, 1956
‘Approved by: W. Bauer May 15, 1956
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Desciipticn

When supplied with an argument X in SNAP form, this routine will evéluaté
sin X or cos X (depending on which of the two entrances is used) using a
Rand Polynomial Approxima-ion, producing the answer in SNAP form.

Programming Instructlons

This routine can be inserted into a program by CMP-O by the use.of a "SUB"
card in the input deck.

1. Place the double length extension of X in the accumulator.
. X must be in radians and must be in SNAP form.
2. Return jump to the subroutine. Assuming that the subroutine uasféésigned'

to region SUBOO for assembly, use either the instruction RJ SUBOL SUBO2Z
for the sine, or the instruction RJ SUBO1 SUBO3 for the cosine.

3. Ai.ﬁhe time of exit from the subroutine, the double length extension of
.sin. X (or cos X) in SNAP form.will be in the accumulator.

Error Apalysis

Sin X or cos X is computed to 26 bits of accuracy or to as many correct bits
as there are in the Fractional portion of X, whichever is less. For
X3=227 this routine substitutes zero for - the argunent. The alarm exit is

not used.

Mathematical Method

1. let y = (2/x)X, then sin X = sin(x/2)(y)

sin(x/2)(y + 1)

i

cos X

]

2. Divide y (or y + 1) into an integral part R, and a fractional pért S.
3. R defines the quadranf into which X falls. Let R' be the two low order
positions of R, since in binary notation, any other positions merely

deflne a number of complete revolutions.

h,"R',is a»number‘one lesa than the number ofvthe quadrant into which X falls,

5. S defines the displacement (in a position direction) within the quadrant
indicated by R'.

S first quadrant

6. Therefore, if R' = 00 ILet Z =
R' =01  Let Z = (1-8) second quadrant
R' =10 Let Z = (-5) third quadrant
R' =11 Let Z = {1-8) fourth quadrant
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7. Sin (or cos) X = sin(x/2)2Z.

8. (1/z)sin(x/2)z is approximated by the Rand Polynomial Approximation
Number 16, using argument 2.

9. If x<1/2, (2/x)x, which 1s in floating form, is substituted for z
- before d,oing step 10.

10. Iimluply ghe approximation from step 8 by z giving the result, sin x
AOr COB X

Range of Variable

No alarm condition is recognized by this routine. However, as X approaches

+ 22T the number of significant digite in Sine X (or Cosine X) approaches zero
and X merely defines 8 number of revolutions and does not significantly
'designate an angle,
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D0s01

. DOso2

00503
DOS04
DOSO05
DOS06
D0SO7

D0s08
‘DOS09

D0s10

- DOS11

D0s12
D0s13

DOS14

DOS15
D0OS16
D0sS17
DOs18
D0OS19
D0S20
DOs21
D0s22
00523

'DOS24

DOS25
D0S26
D0S27
00528
00529
00S30
DOS31
D0S32
00533
D0S34

00535

DOS00

ALARM
NORMAL EXIT
SIN ENTRY
COS ENTRY
SET FOR POS

EXP PLUS 200

69
34
EXP
SIN
cos

00027
02000
02067
67120

67207
20"

‘*6?1ﬁ2ﬁw?5

67123
67124
67125
67126
67127
67130
67131
61132
67133
67134
67135
67136

3f,l 10009,°00007

eﬁaﬁa_

G752
67153
67154
67155
&ET154
67157
67160
67161
61162
67163

11
15
54
12
54
55

T

11
11
23
46
32

?¢2076 02027
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00000 00000
00000 00000
00000 00000
00000 0©Q000
00000 00000
00000 00000
00000 00000
20002 02004
00015 00033
02002 02063
20000 00910
30000 00027
20000 00001
20000 00043
10000 0207#

02076 00000
02022 02020
02065 02021

10000 20000

20000 02030

10000 Q0000

00033 02034

10000 20000
02075 10000
02075 00030
06027 20000
02037 02040
02063 00017
02041 02043
02075 200600
000306 060034

00030 18000
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D0S36 MP QOO00 Q0000 67164 71 10200 10334
D0S37  SA 01S06 00001 . - 6TIGS 32 02075 CUsol
D0S38 TP B00OO 102502 SQUARED 34 67166 ' 11 30000 00931
'DOS39  PM 01501 01S00 ' 67167 24 02070 02067
' DOS40 RP 20003 00S42 ’ 67170 75 20003 02052
DOS41 PM 01S02 02502 69 67171 24 02071 00031
D0S42 MP BOO00 02501 68 67172 71 30000 0CH30
D0S43 TP B800UO A0000 FINAL MANT33 . 67173, 11 30000 203CO
DOS44 2J 00S45 00501 : _ - 67174, 47 02055 02001
DOS45  SF A000O 00554 67175 T4 20000 02066
D0s46 LA ApCOD 00027 67176 54 20000 00033
' DOS4AT TP BOQOO Q0000 67177 11 30000 10000
DOS48 RA 02500 00S54 ' 67200 21 00027 02066
DOS49  SA 01509 00027 67201 . 32 02100 00033
D0S50  CC A0O00 QU000 67202 27 20000 1C050
00551  RP 00000 00501 ' 67203 75 00000 02¢01
D0S52 TN AQO0O0 A000D 67204 13 20000 20009
DOS53 LA Q0000 00007 , 67205 54 10000 0CCO7
DOSS4 00 00000 00000 _ 67206 . 00 ©LDOO 00G0D
' D1500 01 51484 19000 ~04 38 ¢9 67207 00 02366 57351
P1S01 =4 67376 55700 -03 36 ¢7 67210 TT 546566 31633
D1S02 07 96896 79280 =02 35 C5. 67211 02 43150 53663
'D1S03  ~6 45983 71106 ~01 34 C3 6T212 65 52420 16491
D1S64 01 57079 63185 33 C1 6T213 14 44176 65102
01505 06 36619 77225 «01 34 2 OVER PI 67214 12 13714 06567
D1s06 17 77777 1771717 B MASK 672Y5 1T 777117 TTTIT
D1SO7 00 00000 00034 B 28 , 67216 00 00000 00034
D1s08 00 00000 00200 B 128 67217 " 00 G0O00 00200
D1S69 00 00000 00072 B 67220 - 00 00000 00072
START 45 0G000 0CS00
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FLEXIE (RB-86 Rev. 8/56)

This routine is a revised version of the original FLEXIE (RR-86). It.is
designed to load, by means of a Ferranti Reader, a Flexcode tape prepsred on
a Flexowriter in the conventional fashion for translating to bioctal. FLEXIE
reads at the full speed of the Ferranti, hesitating only on insert addresses,

check addresses, or when the temporary storage is full of data., FLEXIE provides

a check address test and a check sum test on the data read in,

I1, Tape Preparation:

The tape should be prepared in the manner described in the original SR
FLEXIE write up. A few remarks are appropriate here however. A check address
should be given following the last information on the tape and before the
7th level punch stop code. If there is no check address prior to the 7th level

- punch, the 7th level punch will in genersl be ignored.

For a check sum test of data on the tape, the following four words
should be on the tape after the data to which the sum applies:

(1) inmsert address 75202,

(2) high order 36 bits of check sum,
(3) 1low order 36 bits of check sum,
{4) check address 75204,

The check sum must be the sum of all the data on the tape following the
preceding check sum, The check sum will HOT be loaded into 75202 and
75203. These two words will not be disturbed at all. HNote that a check
sum test is performed whenever a check address of 75204 is enccuntered.
Thus 75204 should not be used for any other check address.

III. Operating Instructioms:

Since the coding is in Reco II form, all operating date Hill ‘oe given
relative to the regions used in the code. '

To load a tape, place it in the reader, turnm the reader on a.mi START at
bb0. At the completion of the loading (if a 7th level punch is present
on the end of the tape) a stop-re-enter bbO is given. If there is no 7th
level punch present, let the tape pass through the reader, then FORCE STOP,
MASTER CLEAR, START at eeO (ee0 will be 00022 in sbsolute form). FLEXIE
can also be used as & subroutine to load date. To do this, place a 7th level
punch after each section of the tape and perform the instruction 37 bbll bbO
whenever it is desired to load a section of t.he tape.

MLud e
AQ0Lley &%
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Three different alarm conditions can occur when using FLEXIE,
If one of these does occur, a tag letter is typed on the typewriter and
the computer stops on & manual stop. These three conditions are now listed
according to their tags.

(1) "": FLEXIE has not been tramsferred to HSS correctly.
START causes another transfer., If "i" occurs again, reload
FLEXIE onto MR.

(2) "c": a check address has failed to check., START causes
~ FLEXIE to ignore error and proceed to read the rest of the tape.

(3) ™n": the check sum given on the tape does not agree with the
sum as computed by FLEXIE, START causes FLEXIE to ignore the
error.,

IV, Coding:

FLEXIE requires 166 (octal) words of storage on MD, i.e., relative
addresses bbO through bbl65, The region bb can be assigned any drum
address except 75612 through 77777. The reason for this exception is that
76000-77777 is used for an image region of HSS and if bb has a value greater
than 75612, part or all of FLEXIE will be in the image region and conseg-
uently be destroyed when FLEXIE is used, The rest of the regions used in
the coding must be assigned the following values:

ce 00001
dd - 00010
ee 00022
ge 00045
hh 00052
ii 00061
33 00074
kp 00116
s 00147
ts 00154
xx 01624

Thus one can place FLEXIE on any part of the drum by assigning a value to only
one of the relative addresses, i.e., bb.

re bb 74520
re cel
re d4d10
re eell
re ggis
re 1i6l1
re hh52
re jj74
re kpli6
re wsli7
re tslb54
re xx1624
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kp26

dds

20010

kp5
kplé

ii
kp26
kp27
wsl

30000
ts
w2
kp22

76000

. bbs

76001
cc

ce
bbl0
00001

bbl2
bb

cc3

L
dd
332

bbs

wel .
wed,
ii

kp3
vs

dadlo
€g
dad5
kp4

17
ee7
eels

eelO
eell

eel?
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Entrance - store 00000
Set up 00000 '
Store HSS
on MD
Load routine
into HSS
Restore ‘
HSS from
MD image
Subroutine exit
Cervice routine exit - re-~enter
Flexie check sum, Lo crder
‘ : Hi order

Comput~ check
sum of
routine

~ Test check

sum
Error, print t
Stop « reload routine

Clear check
sum cells
Set up
Start reader
One shot switch -

‘Read to A

Digit
- test
Period test
Ignore or 7th level

- Stop reader

Set up number of
“words to transfer
fet up transfer

'~ Is data destined

for HSS or MD?
Set up.transfer '
Transfer

data v
Test period. code

is this ED?



51
52
53
54
55
56
57
60

61
62
63

65

67
70

3
74

75

76

Vi
100
101
102
103
104
105
106

107

110
111

113

115
116
117
120
121
122
123
124
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Cds

~SowmPbWLWNDEO

kp23
o) '
kpl

wal

we

wsl

Wws

kpl%7

ws2
kp21
ws2
kp22
kp23

ws
ii
wa3
wss
vs

i1

kp5
o

ii
kpR6
wal
we

ws
kp30

ws3
wsl
ts

eell
bbb

eeb
kp2
daz
wsl
adz2

ws2
WS

aas

ws2
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is this IA?
Return to MD
Modify IA to MD image
Jump to set up and transfe
Modify IA
Return to read
Store IA
Return to read

Assemble period code
Store period code
Agsemble

data digit
Return to read

Assemble pewiod code
and store

.Period code to A

Is this ED code?
Is this IA code?
Is this CA code?
Return to read

Store data word temporarily
Set up for next word
Add assembled
word to eomputed
check swum
Store computed
check
sum ,
Is HSS filled
~with data?
Retuwrn to read

Stop reader
Compute number

of words read in
Add to IA
Does this equal CA7?
Error - print ¢
Stop - ignore error
Is sum check test
’ specified?

No, return to read
Yes, computed check
sum to A

Correct computed
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5
125 15 ss tsl O check sum
126 16 ss tsl 44 Subtract lo - order part of
127 17 ej ts dd given sum and test difference
130 20 pr O jil Error - print M
131 21 ms O da Stop -~ ignore error
132 kpO 000 02000 - Constant for test
133 1 00 0O 76000 Constant
134 2 00 0 XX Maximum block size
135 3 00 6 00000 - Reader start code
136 4 00 5 00000 A Reader stop code
137 5 00 0 42 Flex codes -~ period
140 6 00 O 72 ‘ 7 ’
141 7 00 O 66 6
142 10 00 0 62 5
143 11 00 0 64 4
144 12 (G ON0) 70 3
145 13 00 0 T4 2
146 14 00 0 52 1
147 15 . 00 0 37 0
150 - 16 00 0 100 Constent for test
151 17 000 7 Mask
152 20 00 0 1 v Constant _
153 21 00 100 00000 Constant to set up period code
154 22 20 00100 00000 ED code
155 | 23 40 20100 00000 IA code
156 24 40 04100 00000 CA code
157 25 tp ws 02000 Constant for test
160 26 tp ws ts Constants for
. 161 27 rp 30000 eell , set up
162 30 00 00000 75204 Sum check CA
163 ws 0 er O q Clear 10A
- 164, 1l mj O dads Return to regular read
165 2

00 0 0 Period code space
- Working Space Uses: |

Assembly space for data -

Storage for IA

Period code space

Hi-order pert of computed check sum
Lo-order part of computed check sum

w§

rUNHO

Notes: (1) Three of the working spaces are stored on MD and transierred
; to HSS with the rest of the program. Two of these are used
initially for & one-shot clear IOA. Then they are used as
indicated sbove throughout the rest of the program.

(2) The FLEXIE check sum cells, bbl3 and bbl4, are blank since
the check sum depends on the value assigned to bb, The check
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b=

sum may be obtained from the tape assembled by Reco II
as follows: load the tape and START at bb0; the computer
will stop with a ™" glarm as mentioned above; at this
point A-left contains the Lo-order pert of the check sum
and A-right the Hi-order part. :
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