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THE RAMO-WOOLDRIDGE CORPORATION 
1A:>s Angeles 45, California 

CHANGED HORDPOST-MORTEM Rt?UTINE (revised) 

Identifioation· Tag: 

Type: 

Special Storage: 

Program Entrance: 

Program Exit: 

Alarm Exit: 

Machine Time: 

Coded by: 

Code Checked by: 

Nechine Checked by: 

Revised by: 

Approved by: 

Spee1figat1ons 

MDP-3 

Service Toutine (with subroutine entrance) 

'1)1e constant pool and temporary storage pool 
are not used by this routine. 

Address 40037b 

40037b 

40020b 

The alarm exit is not used by this routine. 

(14.1 + .5n) seconds where n=number of cards 
punched. 

R. .f5each 00 tobel" 26, 1955 

R. Beach October 26, 1955 

R. Beach October 26, 1955 

C. Koos Deoember 1, 1955 

w. F. Bauer Deoember 9, 195; 
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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 when 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 Wbrds. 

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. (~: Until the line printer is in use, 
this dump will be made onto cards by employing MDP-It:). ES and the 76000b 
image are then restored from the 66000b imageo 

Each card contains six. words 0 If anyone word is, zero, it should be ig­
nored as it is not a changed word. A word which has been changed to zero 
has been given the arbitrary tag 45 40037 40020b and will be punched as 
such. Also, a yOrd that was changed to this tag will be identified in the 
same manner. The programmer must therefore distinguish between these 
two cases. 

Qp~rating Instructions 

1. When routine is used as a service routine set PAK to 40037b. 
Routine will find changed words, print them out, and stop 
on 56 00000 40037b. 

2. When routine is used as a subrQutine 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 ofES 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 ofotber 
post-mortem routines. . 

Alarm Conditions 

There are no alarm conditions in this routine. However, if the routine 
hangs up during punching, or if the machine is halted during punohing, 
a start at 40040b will clear the punch, restore ES, and up-date the 
76000b image. 



Identification Tag: 

Type: 

Assembly Routine Spec: 

Storage: 

Program Entrance:' 

Program Exit: ," 

Al8l'J1l Ex;! t : 

DrwIi AS6igmnent: 

l'lSCh:1ne Time: 

MOde of Operation: 

Ooded by: 

cOde Ohecked bY': , 

Nach1ne Checked by: 

Approved by: 

'!'HE RAl-10-WOOLDRmGE' CORPORATION 
Loa .Angeles ,4$, California 

Nth Root Routine 

Specifications' 

NRT-O 

Subroutine 

SUB 51316 03701 

.36 instructions, addresses 
10FOO thru lOF35 

1 constant' jn program, address 
10F.36 

RW-116 
(REV) 

NRT-o 
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37 words total program storage, addresses 
10FOO ,thru 101)6, 

4 words temporary storage pool used, 
addresses 00027b thru 0OO33b 

The constant pool' is used b.1 this routine. 

Addre~s 10F02 

Address lOFOl 

The alarm exit is used by this routine. 

Address 66OS4b tbru 66130b 

Aver~e execution time 
2(n-2) + 5 milliseconds lor n '= 50 

Fixed point 

w. Frank 

w. Frank 

W. Frank 

w. F. Bauer 

10-408 

November 25, 1955 

November 28, 1955 

November 30~ 1955 

December 1, 1955 
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This subroutine extracts the nth root of ~ number M, scaled at 235, and 

suoh that 

n must be Q..Tl integer in the range 

2, n L 212 

The routine must be entered with M_235 in A and n.2° in Q_ The result will 

be left in AJ 'scaled a.t 235, at the conclusion of the routine. 

PrOgramming Instructions 

1e Place }'ie235 in ARe (At) is ignored by this routine. 

2. Plaoe n-2° in Q. 

3. Ente~ the subroutine with RJ OOrOl OOF02, where OOFOO is the looation 

of the first word of NRT-Q. 

4- The eubroutineret~ns oontrol to the oell following the RJ instruotion 

with ( nfM) _235 in A •. 

Alarm Conditions 
11 

The' subroutine enters the alarm routine ALR-l if n is negative or M is 

negative for n even. In 61 ther oase I the word ualarmu is .printed on the 

~ fiexowr1ter, followed by the ootal address of the RJ instruoti9n used to 
....-4 
'-" 

6 enter NRT-O • 
....-4 

I 
o 
o 
~ Exeou t10n Time 
t-

~ The time taken to find the nth root of a number is inversely proportional to 

the 'magn1tu~e ot: the number and direotly ~roportional to the size of n. An 

avera.B9 estilriate, tor n --' 50, is approximately 3(n-2) + $ milliseconds. 
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MathematioAl Method 
P~. j of L 
Rov1.ld 9~4.'6 

An iterat:LvG prooedur@, employinB th@ Ntn"ton-RAphoon m@thod·~, in 'HUlet to 

Dolvo tho oquation 

Tho iterAtion is t@rmiMt@d when 

A leoendArY telt ia mAdo to inaurG 

1M I L (~1)n-l 
'!'hill tali 11 nooerunAl'Y, Gv@n thou~h tM prooall 11 monotonio J tor, it i. 

pODoibltt thAt trunoation ot the rowlt of multiplioation And div1110n OAn 

violAto thin proporty. In that want, x1_
1 

10 tUGn AI thG aolution. 

A. IpaoiAl CAOO 1n M • 0, whorl tho Dolut:Lon il x • 0 tor all p. 

ACQUrAOl 

Tho Irror in tho %'Iwlt ot thil %lOU tin; WAI found. to 'bI 11.. thAn 10-10 J 

that ii, tor an inputuSUmlnt, whioh il oorroot to )$ bitl, Onl OM Ixpeot 

an anlWOr whioh m~ be inaerrlot It mOlt in tbe right oatil dilit. 

* . Soa.rboroush. J.D. ,NwTtGrioal MAthlmatiaal4n!lY111, .Ioond Iclition, 'l'hI 

John Hopkin. PrO.D, BAlttmOZ'I, Md., 19$0, p. 192. 

10-410 
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0 
0 
0 
10fOO 37 
10fOl MJ 
10f02 Z J 
10 F 03 T P 
10F04 T P 
10 F 05 o T 
10 F 0 6 Z J 
lOF07 TP 
10Foe S J 
10 F,O 9 TM 
1 OF 1 0 TP 
lOFll 54 
10F12 S J 
10F13 TU 
10F14 RS 
lOF15 RS 
10F16 SP 
10Ft7 RP 
10F1S MP 
lOF19 TP 
10F20 T P 
lOF21 T J 
10F22 MJ 
1,0 F 23 L A 
10F24 ov 
10F25 S T 
10F26 S J 
10F27 ov 
lOF2S A T 
10F29 MJ 
10f30 T P 
lOF31 S J 
10F32 TN 
1'0 F 3 3 MJ 
10F34 T P 
lOF35 MJ 
10F36 37 

OOFOO 01024 
lOFOO 51316 
OCPOO 00013 
75701 75702 B 
00000 0 
00F03 OOFOl 
AOOOO oepll 
00000 OCPI0 
00016 AOOOO 
00F09 OOF07 
OCPl1 AOOOO 
OOFOO 00F09 
OCP11 OCP14 
00F36 OCP12 
OCPI0 20017 BRB 
OOFOO 00F13 
AOOOO OOF17 
00F17 00015 
00F17 00015 
OCP12 00035 
00000 00F19 
BOOOO OCP12 
BOOOO oeP13 
OCP14 AOOOO 
OCP13 00r23 
00000 00F30 
AOOOO 00035 
OCP13 AOOOO 
OCP12 AOOOO 
00F27 00F30 
OCP10 AOOOO 
OCP12 oeP12 
00000 00F16 
OCP11 AOOOO 
00F32 00F34 
OCP12 AOOOO 
00000 OOFOl 
OCP12 AOOOO 
00000 OOFOl 
77777 77777 B 

RW-116 
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2000 00 00000 00000 
66064 00 00000 00000 

15 00 00000 00000 
ALARM 66064 37 75701 75702 
EXIT 66065 45 00000 00000 
A R G ZERO 66066 47 02003 02001 

66067 11 20000 00030 
66070 11 10000 00027 

N EVEN OR 66071 51 00020 20000 
00 66072 47 02011 02007 

66073 11 00030 20000 
ALARM 66074 46 02000 02011 

66075 12 00030 60033 
SET X 0 V A l U E 66076 11 02044 00031 

66077 54 00027 20017 
N NEGAT I VE 66100 46 02000 02015 

66101 15 20000 02021 
66102 23 02021 00017 
66103 23 02021 00017 

SET UP B 66104 31 00031 00043 
66105 75 00000 02023 

X I T H TO N-l 66106 71 30000 00031 
66107 11 30000 00032 
66110 11 00033 20000 
66111 42 00032 02027 
66112 45 00000 02036 
66113 54 20000 00043 
66114 73 00032 20000 
66115 36 00031 20000 

CONVFRGENCE 66116 46 02033 02036 
66117 73 00027 20000 

x I T H P l U S 1 66120 35 00031 00031 
66121 45 00000 02020 
66122 11 00030 20000 
66123 46 02040 02042 
66124 13 00031 20000 
66125 45 00000 02001 
66-126 11 00031 20000 
66127 4,5 000.00 02001 
66130 37 77777 77777 



Identification Tag: 

!ne~ 

AaseJDbly storage Spec: 

storage: 

Drum b81gnment: 

Prosraa Entrances: 

Proarem 'B:Id:': 

:f.Bchine 'rime: 

Mode . of operation: 

Coded by: 

Cole Checked by: 

M!.ch1ne Checked b,.: 

AiP',prove4 by: 

THE RAMO;..WOOLDRIOOE CORPORATION 
Loa Angeles la.5, California 

Q111 Method Subroutine 

Specifications 

SUbroutine 

SUB 49860 07414 

59 instructions, addresaea 
OOM)() thru ()(H.M 
lGK>O thru l.GMl. 7 

HDI-.3 
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(REV) 

Pg. 1 of 9 
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15 constants in px"ogram, ac:1iIressea' 
OGCOO thru OOC14' " 

74 'WOrds total program storage , atIdre •• ee 
(0)1)() tbru ooMlK> 
1(M)() thrtt IGl-U 7 
00000 thru OOC14 

10 'WOrds temporary storage pool used, ad4re .... 
00021b' (00l'00) thru ()()()4()b ( 00'.009 ) 

~88e8 632300 thru 6334Ib 

Addresses CXJM)2, (XM)3, u4 00M:>lI. 

Address OGMOl 

(10.'3 n + 1.9) lDB per point average, 'Where D 
equals the' number of equationa in the qat. 

Fixed po:J.nt 

J. Carlson 
R .. Douthitt 
M. Elmore 

. R. Stunmers 

N. Elmore 

M.' E.l.more 

ll. Bauer 

10-412 

. JUne 8, 1955 

J\1l7 7, 1955 

~ 22,' 1955 
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The Gi;L1 Method Subroutine integrates a system of first order,dlrrereritlal 
eqnatlons us1nga~tep-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 po~t, 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, 
tll.u. allQllillg the' subroutine to ,solve concurrently several different systems, in the 
same program. 

The· independent variable is inc,rementedw1thin the, subroutine ,i-eself. 

Notation 

The system of equations to be solved is 

, ~' are int~diate values of the calcUlation (zeroinitiaJ.ly) 

~ x 'is the increment of 'the independent ,variable x 

h,1s the billaryscaling' power of x (i.e. x· 'if Is In the comlluter) 

h-l is the binary scaling Power of ~x 

m1 '~sthe binary s~aling power ,of y 1 

f 1s the connnondifterence between the sca.lingpower of y 1 arid the'- 8cal~ , 
. ely 

power of ax i for each 1 • 

dy 
m

i 
- f 1s, the binary scaling pover of iJ:X1 

Pro~ arid Operating In.tructiona 

,Assign the G111 J.1ethod Subroutine to sane arbitrary region, say OO}.l)(). 

In order to solve a given system, the following array ot varia.bles; derivatives, 
intermediate values, and parameters should be usigneda ~g1on, aayOOt«>O. ' 



OGNOO L 

OGOOl 00 OON05 OON06 

00002 . n-~ 

OON03 ,6x· scaled ~-l 

OON04· J~ 
. h 

scaled 2 

dy 
roN05 1 

acaJ.ed ~ - f (bC 

001«>6 Y1 scaled ~ 

OON01 ql ii::u. t la.lly zero 

ooNOS 
·q2 

scaled ~ - f dX 
OO~ Y2 scaled ~ 

OONlO ~ 1n1tia.l.ly zero 

The q1 must be set to ~ero l.niti*i~ly b:J the progbs.rnmer~ 

. . dy 

(REV) 
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1 In addition, the coding tor canput.ing .ax for oJ.l 1, (1 ;:; 1, 2, • .. .. , n) sb.oul4 

be assigned ~ region, say ODEOO. This coding 'Will use the·values in region OON<X) 
.... ely! ... • 

to com;pute all (i';C as spec1£1.ed by the equations· in the system· and sho~d place th~ 

results in the appropriate places in region OOIfOO. It should then exit to thCII G1U 
14ethod Subroutine With an MJ 00000 OGM04 (see. below) • 

.Aa~tmd.ngthe G111 Method Subroutine is .in regIon OGM:>O, the three entrance. are 
cx:ap. ~ .. OGMO), and ooz«>4.. The exit 1s OOml.. . . . 

The first entrance,.OGMD2, ieused for setting up theG1ll Method SUbroutine onlJ 
fQr ·the particular sya~em to be solved. It is entered by an RJ caxmand tollowed· 
by a parameter, 'WOrd which specifies the location ot the var18.bles I and the location . 
ot the coding tor calculating the derivatives: 

RJ' OO!.r>l OOK>2 
00 OONOO ODEOO 

!1'he second entrance, OOm), is the entrance. 'tor producing a point of the solutiOD'. 
It 1s entered by an RJ command: RJ OGl~l ·00K>3. Entering using this come:od .. 
results in four passes through both .the Gill Method Subroutine and ~he coding 
tor ccaputing the deriva.tives, and leaves in region OONOO the lle" value. ot the· 
..... 1abl. •• , the 4eriYat1ves at those values, 8Jl4 x ad:ftnced by ~X, r~ tor the 
DOS· .tep. . . . 

The third eI!ft'ance, Qt"~ 1 1s the entrance from the cocl1ng tor calculat1il.g the 
der1vatives and 1s used on ea.ch of the four passes necessary for computing one 
point. Aa noted above, it 1s entered by an MaT command in the ODlOOO region: 
. 10-414 
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Theoq. "A Process for the St~:p-by-Step Integration of Differential Equa.tions 
in an Automatic Digital Conwuting Machine u by S. Gill, published in Cambr1~e 
Philosophical Society Proceedings, Vol .. 47, Part I, January 1951, 'should be . . 
consulted for a detailed. analysis .of the process on which the subroutine 18 
based. ' 

Suppose we know the point (x,Y1 ) YZ' • . • , Yn ) on the curve defined by the' 
system of equations 

dyl 
a:.x- :;: fl (x, Y1 , Y2' • • • , Yn) 

dyZ 
ax :: f2 (x, Yl , Y2' • • ," 1 Yn) 

The Gill Method is a. process by 'Which we can find the next point on the curve: 
i.e. the value of '"I' Y2' • · ., J Yn for x :: X + h. 

The process can be better understood if the case lnlere n=l is first considered. 

We have the point '(X, Y) on the curve ~ ~,f (x,y),and we want to find y~' at , 

X + h; i.e. we ,\1ant k ;; Sy such. that:]' ;: 'r (X + h, Y + k).' 
" X + h, Y + k',-

We derive k by malting four approximations and averaging them ina. particular Way. 

First approxinlate the curve by a straight line through (X, Y) w1ththe, slope "~J ' 
, Xy 

= f ~, y), and. find a first approximation to k: . , I 

k :: h·f (X,Y) 
o 

Then we travel ,a traction m of the 'JaY along this, line· to thepo1nt (X + 'mh, Y + mko: 
andf'1nd r(x ... mh, Y + mk

o
). 

This gives us a new straight line through (X + mh, Y + mkol with slop,e t (X+ 1Ih, 
Y + mk ) ,and we . find o '~ . 

""~ 

It1 == lr't (X + mh, Y +mko ) 

, : , # ' , 

We 'now use ko and ~ to find 8. third point at 'Which t 18 calcUlated: ,(X + 00, 

y + [ n .. r ] ko + r~). ", ' 

k2 := h f (X + nh, Y + [ n-r] ko +'r~) 
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Similarly, 

~ = h·:r (X + ph, r + [P-B-t] kQ + ski +tk2 

The weighted average. of ko' ~, k2~ and k3 is the desired k.= 67: 

6y .= y(X + h) -y (X) = coko + clkl + c2k2 + c3
k3 

lntere Co + c1 + c2 +c
3 

= 1. 

For a system of equations,the same four steps given above are made for each 
equation and. . 

6Yi = cokio· + cl~ll + c2ki2 + ~3k13 where Co + c1 + 02 + c3 -1. 

l'he above process is, for certain values of m, n, p,·.8, t, Co' Cl ' c2, an:lc
3
, the 

Rurige-Kutta process.· The Gill process wae derived, 'With application to machine use 
in Ilind, by minimizing thenuniber of storage cella required. For the G111 Method 
the above constanta are 

m == 1/2 , r = 1- 'fl/2, Co == 1/6 

n = ~l2 , B = -tr:J2 1 c1· -(1/3) (1 - i.i72) 
p = 1 , t=l+ Yffi '. 02 .(1/3) (1 + Yr72) .. 

c
3 

~ lIe 

"The Gill proc~ss :f\.t.rther systematizes the calculation so as to increase the accuracy 
and simplify the codi~. 

The Subroutine A8 used in the Gill Me't?hod. f?ubrout1ne, the process i. as tollow: 

1st pass: 

2nd pIL •• : 

k10 = h-ti (x, Y10' Y20' • 

r ll ::a(l/i)kio - ~o 
~l = ~o·+ 3r1l ·"(1/2}k10 

Yu = Y1(')" + ·rU 

Calculate t1 (~'Yll'Y21' • ••. , '¥ni. in progranmer's ow c()d1ng.· 

r 12 a (1 - "'1/2) (kil -.<lu) 

%.2 = ~l + 3ri2 .. (1 - Y172) kilo 

"12 • "U + r 12 

.. -

Ca.lcul~te ti (x'Y12'Y221 • • • , 7JttJJ in progreztaer'. ow c04~. 
10-416 



3rd pass:: 

Advance x by (1/2)h 

ki2= hof1 (x'Y12'Y22' • • ., Yn2) 

r i3 = (1 + Y 1/2) (ki2 - qi2) 

~3 = qi2 + 3r
i3 - (1 + 11/2) ki2 

Yi3 = Yi2 + ri3 

NUI-3 
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Calculate r i (X'Y13'YZ3' · • • J Yn3) in 'pro~ammer's own coding. 

4th pass: 

r i 4 = (1/6)(ki3 - 2~3) 

qi4 = ~3 - 3r i4 - (1/2)ki3 

Machine Checking 

A driver routine solved two systems o:f equations both separately and concurrently, 
using the Gill Method Subroutine 0 The two systems solved are given ,below to 
indicate accuracy and to serve as examples.' 



1. Equll.t ions 

dyl 
::::y 

d.."'C 2 

dy2 

d..'IC = -y 1 

·e~ivnJ.ent to. the' second order equation, 

d2 
, + y = o. 
dx 

. '.' 0 
llx' = .0812664626 ~ 1(/36 :: 5 

I 

Initial. Conditions 

Solution 

Accura.cy 

IUI-) 

l~W-'1 J. 
(P£V) 

P,. 7 of 9 
revised 9/14/$6 

In . a. spot check of the results, the greatest; absolute error observed .... -6 . '. '. 
1.5 x 10 ! (For x = 3.1415925696, 1'1 :: .0000015425. However I aiD x' • 
• 000000084). ' 

2. E9.U;B:t ions 

dyl 
ax = Y2 

d"2 
-=y 
dx 3 

dy3 Y3 + 4xa 
ax = x 

Ax a.1 

Initial Conditions 

EE!U1ve.lerit to the t);11rd ~rder .equat~ 
'tMt 

x d3y .'d
2
y 4 2 

3 2 a X ax dx 

At x a .;tjl-'.Yl :c .~25/Y2 D .001, 7'3 :: .03 
\ < 

Solution 
. 1~ 3 

To.l a X - X + X 
'3 00 6600 

1 
120,000 

Accuracy 

In a. spo~6c~eck of the resUlts, thegrea~est.relat1ve 'error obserVed vaa 
.3.4 x 10 • {For x - .~999999975, )"1 = • ()()()4.21 .. 99858. . However, the .olutl~ 
1s actually .00042500002). 

10-418 



D 
f) 

D 
2 Gf.lOO 
2 Gr .. jO 1 
2GtAO 2 
2 G~·~O 3 
2 Gi·10 ,It, 
2 G,\~':) S 
2 Gi-¥) 6 
2G1'10 i' 
2Gt~'10~ 
2.GI'''i09 
2.Gt~'110 
2' G.!~:11 
2G;-;12 
2Gt.; 13 
2'G~'<~ it 

~ Gi"n ~) 

2: G:-11 C 

ZGr-1,l,e 
2G}~n9 
2 G;-l2 0 
2Si";2) 
2 (; f\·~ ~' ~! 
;~ 0; i~i 2 :,~ 
2 Gr-i2 t~ 
2GV.?~ 

~: (.i ':~'; 2· t) 
2i.:;H'2 "( 

£.' Gt·~31 
2G~1~32 
2 Gl'>13 3 ' 
2Gt-1:~4 

2Gr·135 
2G~36 

2 Gf,,'i3 ~I 

2 Gt439 

Ot:"1 2;5 
(.I() 00000 OCOOG 
MJ 
fvlJ 1 i.;MI.J0 
t\~ J c:;,; ~<1 .~: ri 
TP :,)G0100 QDCUO 

Rt,. CGfv!lG OG:.=Ol 
RP 3GOC 3 o Gf"q 1 
TP 0(11 (!S 

T II C :,? j·i 1 :~ 
TV C0I\;:':: 

:Vi i·~' 
L~)' l~ 

Tr-~ ;. 
;-'iP OG lO ~I 
M A (\ (:j 1 ~) ( 

,~,,:;., CGr~):' 

L.I\ /\' 
f~ -:. :) f~~' T \'~. :~ 
~~ ,~', ' ": ';- () 1 

C)G T '~,~" 3 
(lG i C ~" 
Q(~i (:;' 

._ /". 'II '.~ t"'", 
l,/ ,,": ", ~ _",~ 

RA 06M1S QC,C",)} 

RAOGf431 OG( :);:: 

IJ OG10f' 
j"~J 

Tt) :JGCOO 

_'"\ . 
f:,f', 

c {~r.n i) 
r. 
,.;..£ 

-;0 SeT UP 
ENTER 

S TORi: 

S"I 1FT L 
STOi~r~ ;;: 
,", !( 

?i:;: (1<. 
;\DD Oll) 0 

\j Ai;u "" 
p. ~)'\/ A ~~ .: t. 

RtV-91 
NUI-3 (REV) 
Pg. 8 of 9 
revised 9/14/56 

,'~'\:.'::} L'O V\Y)OC, ;.}(rl~·00 
() .... ~ ~~. ~~: .~ . .'. :, j{) l1 i~~: (':~) {: () {; ~:.'~ =~)~) 

c· ~." ;3 '.':~ "!_ ():.1:~ t~ t) t.; ~,; (} <:~ \) (: (f 
': .. : ~:: :.:: .... '. ") ~j'() ~~ !J (j ~. i) (: (~ (;{l (" 

, ·::602-; 
63230 
63?31' 
I' ?") ~_-
O:J ... ;j L 

63235 
6323 1+ 
i)323::: 

,) 323 '7 
63240 
b:j ~ /.1 

, (; 3:i <1 3 
632 ft l~ 
o'j 2 l t:' 

()l~ . U 0.0 (}'V (I i;~,;):;.1 

00 00\'.-00 GGOC{) 
00 00000 J(,OOv 
'+5 OOOOe, OG,OOO 
lt5· ffUO(lO ~)2CSi 

. l'i'S {.}O'OOO l)Z{)i+,u 
i. 1 0 ;.: (~() G i,0 ,; l~ I) 

,~ fl' 0 :: ('tt 6 '0 :;:i S G 
!.,,4 'C~: (,; ~t' 6 0 .i qa -,' 
11 lOO('O 020(.(; 
21 02012 02074 
75 30(>03 02013 
1 J \)DGCO ~JO(; )·:t· 

1:, f){)C"(:';} 02 C' 1 7 

1 (, 00f:~,HJ () ~~ C} 7 
1 ~_ O{i()GC OO{: 3'/ 
'I S 300(}.'3 62020 

~3;~7 11 C00BO 00021 
63?:jO ~11 0i.){).CO \!Ct;;~Cl 

t.'32 :: ~~ 
6:'j I~i) '3 

j -:t, ~~t)GO(: OU()(H) 

l.l. 20\.':10{. f,)!)f)32 

7 1 O'O(i 34 0<)0 '~2 
72 {JOO.3:;, 00031 

&3255 ~4 20000 ~6046 
(. :.:: :~ (.~i. 1 ~~ ;:;C:~;0 00033 
S32~7 35 ~u000 ~0UOO 
63260 3~ 0b033 20000 
f, :?;: 6 i 
63:~62 

6 :~ '/. 6 ~-' 
1:.J3~66 

t:: 3;~' 6i' 
03210 
63271 
- "") ,.,., 
t>::JI-:L 

63?f3 
63:~-;4 

632'; S 
63'1.'/6 

·6;2'17 

5A· 2tiijOD OOOh2 
72 QiJe, 3f, ;)()(~ j~' 
':':'4 20000 (jOCA,G 
:3 5 U C C: 3 1 'Clj (. ~I . 
2 i ~Y}t) 3 0 IJ 00 -j :3 
!~) 3:;002 020~O 
11 llOO 30 O(IQ()C 
21 02 C 1:/ C 2 ~) .., I, . 

,21 020;) 7 6~Ot5 
-41 OOO?·1 02026 
'.5 (>U{}(h) OO(iOO 
1 t.:.. 0 2 \} ·i~ 3 J ~~ oJ 1" ;:~ 
11 02 G 25 }. 0 G f~ ~i 
')1. OOOOt· iJOO'jC 
if~ (;O{)OO '.:5200 { 



'2GM40 QJ OGMOI OGM07 
3GMOO SP OGMOI 00015 
3GMOl TU A lGM02 
3GM02 iP OGTOQ 

.. ~G~03 TV OGroo OGM~3"$ 
3GM04 T.U OGTOe 1 Gt~05 
3GM05 TV OGM17 
3GM06 RA OGTOO 15 
3GMC7· RP 100.03 IGM09 
3GMOB TU OGTOO OGMll 
:4GM09 RA OGM13 15 
1GM1O AT 15 A 
36Mll TU A OG~i 16 
3(;M12 TU A OGM38 

·3GM13 LQ A 21 
3GM14 TV Q' OGM38 
3GM15 RA OGM38 15 
3GM16 RA OGMOl 16 
3GM17 MJ OGMOl 
IGCOO ;GC 
16C01 . ! 3' e 
16C02 3 B 
1(;C03 5 - 1 
"lGC04 -1 
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·lGC08 -2 92893 21881 -01 
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34 AI' SCALE_._ 34 . 63326 
34 B1 34 63327 
34 .C1 34 633'30 
34 A2_ SCALE 3~ 63331 
34 a2 34 63332 
34 (2 SCALE ~4 63333 
34 A3 34 63334 
34 fj3 34 63335 
34 C3 34 63336 
34 A4 34 63337 
34 64 34 63340 
34 (4 34 6'~341 
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As •• ably Rout ine Spe e: SUB 51921 08914 

Storage: 

Entrance and Exit: 

Machine TilDe: 

Coded by: 

. Approved by: 

89 words total program storage 

9 vords temporary poo~ used, 
a.ddresses 27 b, thru 37 b 

The constant pool. 1s us.ed. 

EJ GILOI GIL02 set up 

RJ GILOl GIL03 to ~et next point 

MJ 0 GILo4 rrom derivat1.ve calcu-
'-lat1on 

Approximately- (9-1 + B4 .. 6n) Ql.S. per tim,e 
int~ryal, where n equals the number 9f 
equatiQne in the eyete •• 

J. Carlson 

w. F. "Bauer 

MaY', 1956 

May 10, 1956 
. ~!) 
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The Gill Method Subrqutine integrates a system of first order I differential 
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 next point of the solution each'time it is entered. 

A specIal entrance sets up the subroutine for a particular system of 
equationsl thus allowing the subroutine to solve concurrently several differ­
ent systems in the same program. 

The1ndependent variable is incremented within the subroutine ,.itself'. 

Notation 

Ifhesystea ot equations to be solved is 

n i. the number of equations in the system. 

~ areiJi.teraedlate values of the calculation (zero in1 t1all.y ) 

x 1s the increment ot the independent variable x 

Programming and Operat1ng Instructions 

Q SNAP must be inE.B • 

. Assign the Gill Method Subroutine. to some arbitrary region, say GILOO. 
This region need not be located in the -?--QY.;i)lwnbe:r;ed half ot E. S •. 

IIi order to solve a given .system, the foliowing 8rraT·ot. 
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 
1s not necessary tor the operation of this subroutine. . 

'DEQOO 

DEQOl 

DEQ02 

DEQ<i3 

DEQ04 

n 

x 

. Fixed. point torm scaled 2°. 

Floating point form 

ff 

tI 

• 
" 

~~, ~ ff 

C FJ!be ~ must' be set to zero in1 tially by the prOgrammer:) 
lA_A~~ . 



DEQo6 

DEQ07 

DEQ08 
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dyi 
In addition, the coding for computing ax . for all i, (i = 1, 2, -..... , n) 

should be assigned a region, say DFQOO. This coding will use the values in 

region DEQOO to ~om;pute all dy i as specif'ied by the equations in the system ax . 
and should place the results in the appropriate places in regionDEQOO. It 
should then exit to the Gill Method Subroutine with an MJ 60000 GIL04 (see below). 

Assuming the Gill Method Subroutine is in region GILOO, the three entrances are 
GILOt! J GIL03, and GIL04. The exit is GIL01. 

The :flrstentr811ce, GIL02, is used f'orsettin:g up the Gill .Method Subroutine 
only for the particular system to be solved. It is entered by an RJcommand 
folloWed by a ;par~ter.word ~ich specifies the location of' the variables~ 
and -the location of the coding for calculating the derivatives: 

RJ GILOI GIL02 
QO DEQOO· DFQOO 

The second entrance, GIL03, is the ent~ce for producing a point of the 
solution. It is entered by an RJ command: RJ GIT.Ol GIL03. 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 /r..x, ready for the next step.· 

The third entrance, GIL04, iathe entl,'aIlce from the coding for calaullating 
the deri vati YeS and is used cn 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 GILo4· , 

Mathematical Analysis 

Theory_ "A Process for the Step-by-Ste:p Integration of Differential Equatfons 
i~ 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 deta~led analysis of the process on which the subroutine is 
based. 

Suppose we know the point (X, Y1 , Y2 , • •• , Yn ) on the curve defined by the 
.aystem of equations 
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The GillMethod 18. a process by which we can fiDd the next point on the curve: 
i.e. tbevalue of 71 , Y2, ••• , yn.tor x = X + h. 

1'.be process cau )be better understood if the case where n = 1 is first considered.. 

We have the point cr:1Y) on ~ curve .~ = f(x,y), and we want to find y at 

X + h; 1.e. we want k = "7 such tll&t ~ = :f{X + h, Y + k). 
~X + h, Y + k 

We derive k b)" IDIIking tour approximatiens and averaging them in a particular 
wq. 

Firat .pproximate the curve by a straight line through (X,Y) with the slope 

~·x.'f - :fel,Y) I ILI!d find a :first e,pproximation to k: 

k -= h·f'(X,Y) o 

'.rhen we travel. a f'raetion III of the way along this line to the point (X+mh, Y+mk ) 
and find f(X .... mh, Y + mk

o
). 0 

~s gives. us a new straight line through (X + mh, Y + Blko ) with slope 
t(X + *" Y + '!Ilk ), and -we find. 

:. . 0 

k1 ;;; h feX .+ mh, Y + mk6) 

. We nov use ko and kl. to firi.d. a third point at whichf' 1s caiculated: (X '+' nh, 

Y + [n-r] ko + rk1)· 

ka =~,h :reX + nh, Y .... [n-r] ko + rk1 ) 

S:S lid 1 ar17 ., 

Thewe1shted average otk(), k1 , kZ' and ~3 1s the ,des~d ~ ~ ~¥: 

bY :=; -1(X + h) -Y1X) ''" c oko + 01 kl + °ak 2 + c'3k 3 

where 0
0 

+ c 1. + 02 + c 3 =: 1. 

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

~Yi :::: cokio +c~ki1 + c2ki2 + C3~i3 wh~re Co + c1 + c2 + c3 : 1. 

~e above process is, for certain values of m, n, p, s, t, co' e1 , c2 , and c
3

, 

the Runge-Kutta process. The Gill process was derived, with app11ca.ti.onto 
machine use in mind, by minimizing· the nUmber or storage 'cells required. For 
the Gill Method the.· .nove constants are 

m = 1/2, 

n = 1/2, 

p == 1 I 

r':::: 1 -/1/2, 

s:::: --11/2, 

t = 1 + /1/2, 

c· :::: 1/6 
o . 

cr =(1/3) (1-./1/2) 

02 =(1/3) (1 + -/1/2)' 

c
3 

:: 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: 

It. is assumed that the fi(X, YIO' Y20' ~~ .• -, Yno'>~ and the Yi ~e available. 

1st .pass: 

~nd pass: 

Advance xby -(1/2)h 

k io == h.ri (x, Y10' Y20' • •• , Yno ) 

r i1 =(1/2)kiO - %0 

~1 == ~o + 3r
i1 -(1/2)kiO 

Y i1 == Y io + r i1 . 

Calculate f'i (x'Yll'YZ1 ' ., Y
nl

) in progra.nuner's own coding. 

ki). == h fi (x,Yll,Y21, • • ., Ynl) 

r i2 == (1 - {liz) (ki1 - ~l) 

;~2 = ~ + 3r i2 - (1 - Y1/2)ki 

Yi2 = "il + r i2 

Calculate f'i (x,. Y12' Y22,'··· -, ~n2) in progra.mmerr f3 own codi~. 



3rd pass: 

4th ~ss: 

Advance x by (1/2)h 

k12= h e t 1 (x')"12'Y22' e •• , 1'n2) 

r13 = (1 + Y1/2) (k12 - ~2) 

~3 = ~2 + 3r13 - (1 + Y 1/2)k12 

)"13 • 1"12 + r13 

Calculate t1 (x,':I13,':I23 , • • ., Yn3) 

k13 = he
t 1 (x')"13,Y'23' • • -:Yn3) 

r i 4 - (1/6)(k13 ~ 2~3) 

~4 = ~3 - 3r14 - (1/2)k13 

1'14 = 1'13 + r 14 

(REV) 

NUI-4 
Pg. 6 of 9 
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,Calculate f'i (x,1'14,1'24' • • ., y 4) in programmer' s own coding. n . 

10-426 



R~R~~~ 
IroI-4 
Pg ... 7 of 9' 
R,oV!;od"9!14/56 

Machine Checking 

The following system. o'f two equationsw.s solved using this routine: 

dyl 
- = cos x dx . 

dy2 
- = -sin x ax 

The initial c.onditions, at, x = 0, were 

and y = 1 2 

The interval, !:::.x, used was 2./360 radianS. At x = 360- the results 
were accurate· to 8 decimal digits. 



D GILOO·OI024 
D GIMOO. ~1921 
GIMOO MS 00000' GILOO 
GIM01 MJ 00000 00000 
GiM02 MJ 00000 GtL.49 
61M03 t-U 0'0000 GILOS 

. GlM04 RA GIL 71 OOQ16 
GIM05· EJGIL69 GIL13 
GtMO. EJ GIL68 Glt.Ol 
GIM07 M;J 000.00 GlL18 
GIN08 TP 00016 GIL71 
SlM09 to Gtl.a72 G1L20 
GJMIO TP 0<)000 GIL8:. 
GtMll TP .08000'00024 
GI .. 12 tP G·IL.a8 00002 
GIM13 AnNO 00024 00000 
61M14 ·tP 00 .. 2 Gt·LS? 
GtM15 1P 6tt.1S·,06031 
6JN1' ADMP 00024 60031 
.G:IM17 fP 00002 00000 
G.tM1B . tv OOOOO;GtL 10 
GJM19 RP 30;id3 GIL21 
stM20 TP 00000 0002~ 
61M21 RA GIL20 GIL61 
GtM22 tu GJL66 GIL2:; 
61M2:! tv· 6tl66 GtL44, 
.1.1'424 tIP 30"3 6t1&26' 
at "2' fP 00000 00.0 2"" '. 
&IM26 TP 00024 0.8002 
6·tM21 .MPitO 00028 00.000 
81 M2flJ TP 00002 00029 
6tM29 .1P Gtb.88 00002 
~I M3.0 MP.NO 00026 00·000 
61,..:31 .TP 00002 00'030 
&1M32 tlPSU 00023 00(J2'9 
.INM tP 00802 0OO2i 
G~IH34 AONO 00021 00·000 
61M35 iP 00002 OG027' 
atM36 TN OO()25 00002 
It"!? "AD OOO!O 00028 
,61". TP eOOO2 00030 
81M:19 '1P CilL.SS Moal 
61"'.0 iP 00029 00002 
aiM.! DYAD 00031 00030 
&t'M42 ,TP 00'002 000 2:8 

, 
\ 
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02000 00 00000 00000 
67221 00 00000' 00000 
6722'1 : '56 ~'OO!O() ,0·2000 
'6;72,22' 45 00000 00000 
672'2'3 45 0000002061 
67224 45 0000002010 
61225 21 02107 00020' 
67226 43 02105 02111 
67221 43 02104 02001 
61230 45 00000 02022 
61'231 1.1 0002002107· 
67232 15 02110 02024 
67233 11 00000 02130 
612.,. 11 00000 08030 
61:2·35 11- 02130 00002 

"61236 14'·040'30 OGOOO . 
6123? .1'1 00002 02'121 
~6t240 11 0211~ 0(l037 
62'241 1404030: 14637 
67242 11 ()ooo2 00000 
67243 .16 00000 02106 
.612·44 1S ~660l C2c).~5 
61245 11 0000000621 
61246 21 0·202' •. , ,o·2i03 
67247 15 02102 02031 
61zSQ 16 ,02102 020;4' 
67251 7530003 Q2tJ:a2' 
672S~ 11 00000 oOC):!2 
61253 11 00030 00042 
612;4 14 14634 6OOo~ 
61255 11 00002 00035 
'72S6 11 02130 00002 
6l2'57 14' 14032 OQOOO 
61260 11 00002000,)0 
612:61 14 14027 10035 
6,1262 11 00002 ~ 00035 
61263 . 14 ,0,40·3; 00000· 
'7264 11 60002 OOO3~ 
6726,5 13 000 31 . 0000 2 
6~ 14 .14036 04034 
6?2h1 11 00002· oOo~' 
6;'2'10 11 0212$ OOC)'31 . 
. 612'1'1 11 00035 000() 2 
61Z72 14 '200:37 040~ 
'1273 11 00002 000 M 



GIM43 RP 30003 GIL45 
GIM44 TP 00026 O~ "0 
GIM45 RA G1L25 GtL67 
GIM46 RA G: Li:A GIL69 
GIM47 RS G!L70 00016 
GIM48 ZJ GIL24 00000 
GIM49 TP GtLOl AOOOO 
GIM50 LA AOOOO 00015 
GINS1 TU AOOOO GtL52 
GIMS2 TP 00000 AOOOO 
GIM53 TV AOCOO GIL48 
GIM54 tu AOOOO GILlS 
GIM5S AT 00015 AOOOO 
GIM.56 'tU AOCOO GIL10 
GIM57 AT 00015 AOOOO 
GIMSa TU AOOOO GILll 
GIMS9 tv AOOOO GIL66 
GIM60 LA AOOOO 0.0057 
Glt,,161 TV AOOOO GIL17 
Glf.¢62 iV AOOOO GIL66 
GIM63 RA GI,",,66 00017 
Gtr.t64 t<A. blOt 0.1°16 
~1t1&~ f.tJ 00000 G LOi 

. Gi 6b 00 00006 00000 ~ 
clM67 00· 06co~ 60600 ~ 
GtM68 ·00 00000 00005 a 
GtM69 00 00000 OOOO~ ~ 
GIM10 00 00000 00000 S 
GfM7i 00 00000 00000 a 
GIM72 00 GtL7S 00000 BRe 
GIM73 TP GIL87 00002 
GIM14 MJ 00000 GIll1 
GIM15 05 00000 00000 -01 F 
GIM76 01 00000 00000 00 F 
GIM77 05 00000 00000 ",:01 F 

,...... GIM78 02 92893 21881 ~Ol F 
C"j GtM79 02 92893 21881 -01 F ~ ..... GtMao 02 92893 21881 =01 F '-' 

I alMSl 01 70710 6781'2 00 f: 0 ..... GtM82 01 70710 67812 00 F , 
0 GIM83 01 70710 67812 OO'F 0 
0- GIM84 01 66666 66667 -01 F ..... 
r- GIM8S 03 33333 33333 =01 ,. 
>< GIM86 05 00000 00000 -01 F c.. 

Gttj61 00 00000 00000 e 
ci as 00 00000 00000 ~ 
stA~t 

67274 
67275 
67276 
61277 
61300 
'61301 
67302 
67303 
67304 
67305 
67"3,06 
67307 
67310 
67311 
67,)'12 
61313 
61'31'4 
61.3.15 
67'316 
613'1"1 
67320 
673:2.1 
'673~2 
b132~ 
67324 
61325 
67326 
67321 
613~O 
61331 
61332 
673'33 
67334 
61335 
67336 
67331 
67340 
67341 
67342 
67343 
67344 
61345 
673·46 
67347 
67350' 
6'1"351 

75 
11 
21 
21 
23 
41 
11 
54 
15 
11 
16 
15 
,35 
15 
35 
15 
15 
54 
.16; 
16-
21 
21 
4~ 
00 
00 
00 
00 
00 
00 
00 
11 
45 
20 
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30003 02055 
00032 00,000 
0202i 02iO~· 
020'54 02105 
02106 00020 
02030- 00006 
02001 20:006 
20000 00017 
,20000 02064 
000,00 20000 
20000 02060 
20000 ;020Z2 
,00017 20:000,: 
20000 02012. 
00017 20000' 
20000'02013 
-20000 02.102 
20000 OtlO71 
20000 02021 
:20000.02102. 
·02102 OO:O~ll 
O~601 00026 
60666 62001 
00000 06006 
OOOO~ 00000 
00000 00\005 
00'000 00'003 
00000 OQO,OO 
00000 OGOOO 
02113 00000 
02127 00.002 
'00000 02021 
04000 00000 

20-14000 00000 
20 04000 00000 
17 74-5,31 30314 
11 74537 30314 
11 74537 30'314 
20 16650 11114 
20 1.6650 11714 
20 16650 11714 
17 65252 S2525 
17 1:5252 52'525 
20 0400008000 

·00 .00000 00000 
00 000·00 00000 
45 00.000 00000 



Identification Tag: 

Type: 

THE RAMO-WOOLDRIDGE CORPORATION 
Los Angeles 45" Cal1f'ornia 

FLOATING. POINT SINE-COSlNE 

Specifications, 

SIN-4 

Subroutine 

sm-4 

RW-144 
(REV) 

Pg. ~ of 5 
Hevised 9-1h-56 

Assembly Routine Spec: SUB 51856 06510 

Storase: 

Entrance end Exit: 

Machine Time: 

Coded by: 

'Approved by: 

65 words total program stor.age 

5 words temporary storage pool used, 

addrease's 27 b through 33 b. 

~e oonstant pool is'used by this routine. 

RJ SUBOl SUB02 -ror the sine 

RJ SUB01 SUB03 tor the cosine 

3.9 ma average, 4.8 m& lI8.x1mpm 

)(. Perry 

10-430 

May, 1956 

t·b.y 15, 1956 
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Revised 9-14-56 

Description 

When supplied,with an argument X in SNAP form, this routine will evaluate 
sin X or'cos X (depending on which of the two entrances is used) using a 
Rand Polynomial Approxi.ma~2.on, producing the 'answer in SNAP form.. 

Programming Instructions 

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 was 'assigned' 
to region SUBOO for assembly, use either the instruction RJ SUBOI SUB02 
for the sine, or the instruction RJ SUBOI SUB03 for the cosine. 

3. At the 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 Analys is 

Sin.' X or cos X is oomputed to 26 bits of accuracy or to as many correct bits 
as there are in the Fractional portion of !, whichever is less. For 
X ~ 227, this routine substitutes zero for the argument • The alarm exit is 
'not used. 

Mathematical Method 

1. Let y = (2/:n:)X, then sin X sin(1f./2)(y) 

cos X = sin(~/2)(y + 1) 

2. Divide y (or Y'+ 1) into an integral part R, and a fractional part S. 

3- R defines the quadrant into which X falls. Let R' be the two low order 
positions of R, since in binary notation, any other positions merely 
define 8: number of complete revolutions. 

. I 

8 4 .. R' is a· number one less than the number of the quadrant into which X falls. 
I o 
~ 5. S defines the displacement (in a position direction) within the quadrant 
~ indicated by R'. 

6. Therefore, if R' 
R' 
R' 
Rf 

:: 00 
:: 01 

10 
= 11 

Let z = S 
Let Z :c: (1-8) 
Let z = (-3) 
Let Z (1-S) 

first quadrant 
second quadrant 
third quadrant 
fourth quadrant 
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1. Sin (or Qos) X • elu(a'/2)z. 

8. (1/z).~~(./2): 1. approx1JDated b1 tlw ~d Po17J1Om.1ftl Approx1at10v. 
NUJpber ~6, ua1Qg argument 'z. , 

9. It x~1/2, .(2/.)%., which 18 in tloat1Da torm, 1s substituted. ~:r ; 
~etore.4o~ 8~ep. 10. . 

10. MultiplY.' the appr9x1.JDat.1QD tro. atep 6 by a 81ving the reeult., sin x 
(or COB x). " . .' . 

Range ot Variable 

No alarm condition 1. ~e08ll1~ed b,. thi8 routine. However I as X approaches ' 
:!:. 221 the number, of e1pU1C&1lt digit'.' 111 Sine 'X' (or Coeine X) approaches $.ro 
aDd. X merel,. defi._ a lJ.'QJIlber ot revolutioD8 aDd does not 81gnU'1cantly 
deeisnate an aDSle. . 

10-432 



0 02500 00023 
0 00500 01024 
0 01500 01079 
0 00500 51856 
0 O1S00 51911 
OOSOO RJ 00000 00000 ALARM 
OOSOl MJ 00000 00000 NORMAL EXIT 
00502 RP 20002 00504 SIN ENTRY 
00503 TP 00013 02504 COS ENTRY 
D0504 TU 00S02 OOS51 SET FOR POS 
DOS05 LA Aoaoo 00008 
00506 TM BOOOO 02500 EXP PLUS 200 
00507 LA AOOOO 00001 
00S08 LQ AOOOO 00035 
D0509 MP QOOOO 01505 69 
DOS10 TP BOOOO QOOOO i4 
00511 TP QOOOO, 02S01 
00512 RS 02500 01S08 EXP' 
00S13 SJ 00514 00S21_ 
00514 SA 01507 000001:-
DOS1S SJ 00518 00S16;'. 
00516 AT 005'3 00S11 
00517 LA cooao OOOO7lt,,:; 
00S18 TP 80000 QOOOO: 
005:19 TP 02504 AOOOO ";1 

00520 Z..J 00536 00$;26 " 
00S21 TJ 01507 OOS2~' 
0,0522 CC QOOOO AOOOO 
00523 TV AOOOO 00S24· 
00524 LA QOOOO 00000 
D0525 IJ 02504 00528 SiN 
00526 TN Q AOOOO COS 
00527 AT 011 000 

"...... 00528 QT 01 1 
~ D0529 CC 00 
~ 

D0530 OJ 532 r-I 
. '-' 

DOS31 RS o· lr IS I 
0 

D0532 QJ 00533 OOS35 r-I 
I 

D0533 TP 01506 Aoooo 0' 
0 

DOS~4 Sf 02501 02$01 0' 
r-I 

TP 1>2S01' .QOOOO t- D0535'\ 
~ 
0.. 

00027 00 
02000 00 
02061 00 
6'11'20 00 

' 67207 00 

R1\1-144 
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00000 00000 
00000 00000 
00000 00000 
00000 00000 
00000 00000 

67~tf'" 37 00000 00000 
6i'·~~ 45 00000 00000 
6 7;jiif~1!'75 20002 02004 
67'123 11 '0;001'5 0003'3 
67124 15 02002 02063 
67125 54 200'00 00010 
6712.6 12 :3000'0 000:27 . 
611:27' ,54, .20:000 ,00001 
67130 ~'5' 20000 00043 
611'31 :11, l~O,QOO 02074 
6'11'32 1'1 30,00 ,'10000 
671.33 11 10Ct 06030 
67134 2Z 000 02077 
67135 46 O~Of6 02025 
67:4,36 32 020,76 OuO'Of) , 
6~1~,; 46 02'0,22 0202·0, 
6114;0.· 3S :0206.5 02021· 
611;4;]. ; 54 1 OC"'" $:"1)0007 
611l}2 t 3;OO.M . 10'000. 
6714, 033· 2000:0, 
671', 041+' 020~2: 
61 ':,,~1'02016 02027 , 

;2,7 1'0000: 20000 
6 16,2:00,00' 02030' 
6 () 54110000 00000 
6'~51 4'1 :0:0033 02·034-
6rr:S2 13 100'00 200'00: 
()71 ,53 35 02075 10000 
67154 51 02()1S OOOgO 
67155 ,21 060.27 20000: 
67:1:5;6 ·44 O~:OI3!1 02040 
611.57 23 02063 0001'1 
67:1,60 44 02041 02043 
61161 11 02015 20000 
61162 ~6 OoO!6 00010 
61163 11 00030 10000 

I 



DOS36 
00531 
00538 

. 00539 

. OOS40 
00S41 
DOS42' 
00543 
DOS44 
OOS45 
00$46 
00547 
DOS48 
00549 
00550 
00S51 
DOSS2 
00553 
DOS54. 
DISOO 
01501 . 
01502 
.01503. 
D1504 
01$05 
Dl$06 
01S07 
OlS08 
D1SOc) 
stAAT 

MP QOOOO QOOOO 
SA 01506 00001 
TP.B,O~qo ,02502 
PM' O1.S'Oll 01;500 
RP 20003 00542 
PM 01S02 02S02 
t4P 80000 02S01 
TP BOOUOAOOOO 
ZJ'OOS~5 00501 
SF AOOO:O 00554 
LA AocoO 00027' 
TP 80000 00000 
RA02S0,O 00S54 
SA 01S09 00021 
CC AOQOO QOOOO 
ItP 00000 00S01 
TN AOOOO AOOOO 
LA QOOOO 00001 

. 00 000.010 00000 
01 51484 19000 -04 
-4 67376 55700 -03 
07 96896 79,Z80 -02 
-6 45963 71106 -01 
01 51079 6·3185 
06 36619 .17225 -01 
1777771 17777 8 
00 00000 00034 8 
00 00000 00200 8 
00 00000 00012 B 

SQ\J'ARED 3'4 

69 
68 

·FINAL MANT33 

31 <:9 
36 '(1 
35 CS. 
34 C3 
33 tl 
34 2·0VeR PI 

MASK 
28 
'128 
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61164 71 1 o·~;oo lC~~O 
6n65 32 02015 CUCOl 
6n66 . 11 3000'0 0'0031 
61167 24 02010 02067 
61110 75' 20003 02052 
671'71 24 02071 00031 
67172 71 30000 00030 

, 67173." 11 30000 20000 
67174'}li'" 47. .oios's' 02eOl: 
6711:; .. 74 20000 02066 
611.1·6' SIt 20000 00033. 
6nn 11'30000 101000· 
61'2 CO 21 00027 02066 
61201 . 32 02100 00033 
67202 27 20000 100(1) 

. 67203 75 00&00' 02E).Ol . 
67204 13 20000 20000 
6720$ 541000000001 
'720(, . . 00 OOOO()t OOOOb 
6·7201 00:Q2366 57351 
"12:10 77 $4666 . 3163:1 
'61211 024.3~50 5-3.66J.. 

. 6121.2 6S'52.tA20. 76491 
672:1'3 14 441~6 6!):t02 
6721.4 12 13714 06667 
67215 . 17 77777 77177 
61'216 00 00000 00034 
67211' 0000000 0020G 
61220 . 00 0.0000.000:72· 

.5 00000 00000 



~: Service Routwe 

I. Description: 

FLlIIE (BB-86 RaY. 8/56) 

1llI...flb. 
(~) 

This routine 18 a revised version or the original FLEXIE (RJl,-86). 1t18 
designed to 1oa~, b7 means of a Ferranti Reader, a Plexeode tape prepared o~ 
a nexowriter in the cOIlventional fashion for translatiDg to bioctal. rLUlE 
reads at the full speedot the Ferrenti, hesitating only on insert ad'Ciref>f,3Eu;l~ , 
check addresses, or when the temporaq storage is tull ot data. FLEXIE provitl~ 
a check 8.9-dress test and a cheek BUIll test on the data read in. " ,I", " i:' 

n. 'lape PreparatiOll: 

The tape should be prepared in the manner described in the original 
PLKlIE write up. 1 rew reJl8rks are appropriate here hOllever. A check e.dcires8 
should be given following the last information' on the tape and before the ' 
?th level punch stop code. If' there is DO cheek address prior to the 7th level 
punch, the 7th 18Ye1 punch will ill general be ignored. ' 

For a check sum test of data on the tape, the follm.'ine four words 
should be on the tape after the data to which the SUBl apP1.ies: 

(1) insert address 75202, 
(2) high order 36 bits of ~heck sum, 
(3) low order 36 bits of check sum, 
·(4) check address 752040 

.' ,'," 

The check SUlIl must be the sum of all the data on the t.a.~ff)llowing the 
preceding cheek SUIl. The check SUIIl vUl lOt be loaded '¥1to 75202 aDd. 
'15203. These two words vill not be disturbed at all. Bote that a check 
SUII test is performed whenever a check address ot 75204 l&ej)countered. 
!bus 75204 should not be used tor any other check addreas. 

III. Operati pr Instrp.cti9D8: 

Since the coding is in Reco n form, all operating dataw;p. be given 
relative to the regions used in the code. 

To load a tape, place it in the reader, turn the reader:9n ~ STAR! at 
bbO. At the completion of the loading (if a 7th level punch -,"8 preseJ,lt 
on the end ot the tape) a stop-re-enter bbO is given. It the:re i8 no ,7th 
level punch present, let the tape pass through the reader, ~hen FORCE STOP, 
KASTER CLEAR, START at '880 (eeO will be 000221n absQlute f9"'). FLEXU 
can also be used as a subroutine to load data. To do, tbis,,' place a 7th level 
punch after each section or the tape and perform the instrUction 37 1)bll bbO 
whenever it is desired to load a section ,of th~~pe. 

~\\."L.~j' 0'1 

t~\Sd.LxX $'t 
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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 a manual stop. These three conditions are now listed 
according to their tags. 

(1) "til: FLEXIE has not been t~ansferred to HSS correctly. 
START causes another transfer. If "t" occurs again, reload 
FLEXIE onto l-m. 

(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) "m"s the check sum given on the tape does not agree with the 
Bum as computed by FLEXIE. START causes FLEXIE to ignore the 
error. 

IV. Coding: 

FLEXIErequires 166 (octal) words of storage on Y.D, i.e., relative 
addresses bbO through bb165. 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 oralIo! FLEXIEwill be in the image region and conseq­
uently be destroyed when FLEXIE is used. The rest of the regions used in 
the coding must. be assigned the following values: 

co 00001 
dd 00010 
ee 00022 
gg 00045 
hh 00052 
i1 OCX)61 
jj CYJO?4 
kp 00116 
YB 00147 
ts 00154 
xx 01624 

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

re bb 74520 
re eel 
1'e ddlO 
re ee22 
re gg45 
re 1161 
re hh52 
re jj74 
re' 'kpl16' 
re wa147 
re ts154 
re xxl624 

10-436 



bbO tp 00000 
1 tp bb52 
2 rp 31777 
.3 tp 00001 
4 rp 30151 
5 tp bb15 
6 rp 31777 
7 tp 76001 

10 tp 76000 
11 rj bb11 
12 me 0 
13 00 0 
1-'. 00 0 

15 ' co\"· sp 00000 
16 1 rp 20151 
17 2 sa co 
20 .3 Sb bb13 
21 4 ej hb14 
22 5 pr 0 
23 6 Jn5 0 

24 ddO rs v83 
25 1 re w84 
26 2 tp kp26 
27 .3 af 0 
)0 4 rj dd4 
31 5 er 0 

32 6 rp 20010 
3.3 7 ej kp6 
34 10 ej kp5 
35 11 tj kp16 

)6 eeO et 0 
37 1 tp ii 
40 2 ss kp26 
41 .3 at kp27 - 42- 4 tp waI 

..0 
Q) 43' 5 tj kp -I 44 6 tv a 0 
~ 45 7 rp 30000 I 

8 46 10 tp ts 
a- 47 11 tp w52 ...-t 
I- 50 12 ej kp22 
>C 
0.. 

-3-

760CXJ 
00000 

' bb4 
76001 
cc 
cc 
bb10 
00001 
00000 
bb12 
bb 
0 
0 

0 
c03 
0 
44 
dd 
jj2 
,bb4 

\oIs3 
ws4 
1i 
kp3 
VB 
a 

ddl0 
gg 
hh 
dd5 

kp4 
a 
17 
se7 
6. 

ee15 
aelO 
eell 
b 
a 
ee17 
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Entrance - store 00000 
Set up 00000 
Store HSS 

on MD 
Load routine 

into HSS 
Restore 

HSS from 
I'ill ,image 

Subroutine exit 
Eervice routine exit - re-enter 
F1exie check sum, 10 or-der 

Hi order 

Comput,~ che ck 
sum of 
routine 

'test check 
6~ 

Error, print t 
Stop - reload routine 

Clear check 
SUlIl cells 

Set up 
Start read~r 
One shot switch 
Read to A 

Digit 
test 

Period test 
Ignore or 7th level 

Stop reader 
Set up DUmber of 

words to transfer 
Eat up transfer 
Is 'de. te. destined 

for HSS or 1-1>? 
Set up. transfer 
Transfer 

data 
Test period~ coda 

is this ED? 



51 1.3 ej 
52 14 mj 
53 15 at 
54 16 mj 
55 17 ra 
56 20 mj 
57 21 tp 
60 22 mj 

61 .ggO sp 
62 1 tp 
6.3 2 sp 
64- .3 qa 
65 4 mj 

66 hhO sp 
67 1 at 
70 2 tp 
71 .3 ej 
?2 4 ej 
7.3 5 ej 
74 6 mj 

75 iiO tp 
76 1 ra 
77 2 sp 

100 3 sa. 
101 4 sa 
102 ') tp 
10.3 6 la 
104 7 tp 
105 10 tp 
106 11 ej 
107 12 mj 

110 jjO ef 
111 1 tp 
112 2 at 
11.3 ' 3 at 
114 4 ej 
115 ') pr 
116 6 IDS 
117 ? tp 
120 10 ej 
121 11 mj 
122 12 ep 
12.3 1.3 sa 
124 14 ss 

·kp2.3 ee21 
0 bb6 
kpl a 
0 eOO 
vsl kp2 
0 dd2 
ws wsl 
0 dd2 

'Ws2 1 
a ws2 
ws 3 
.kp17 WB 
0 dd5 

ws2 1 
kp21 ws2 
ws2 a 
kp22 ii 
kp23 ee 
kp24 jj 
0 dd5 

ws te 
ii kp20 
we3 44 
ws4 0 
ws 0 
a ws4 
a 44 
a wa.3 
ii a 
kp25 ee 
0 dd5 

0 kp4 
i1 a7 
kp26 al 
ws1 a16 
'Ws jj7 
0 jj.3 
0 jj7 
ws a' 
kp.30 jj12' 
0 dd3 
wa.3 44 
wa4 0 
ts 0 

-4-
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is this IA? 
Return to MD 
Modify IA to }tID image 
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Jump to set up and transfer 
Modify IA 
Return to read 
Store IA 
Return to read 

Assemble period code 
Store period code 
Assemble 

data digit 
Return to :read 

Assemble peviod 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 assembleCl 

word to computed 
cheek SllIn 

Store computed 
check 
sum. 

Is'HSS fill~d 
with data7 

Retwn to read 

Stop reader 
Compute number 

of. words read in 
Add to IA 
Does this equal CA? 
Error - print c 
Stop - Ign,Qre error 
Is sum check'test 

specified1 
No, return ·to read 
Yes, computed check 

sum to A 
Correct computed 



....... 

...0 
.CO --I o 
~ 

'1 o o 
0' ....... 
l'-

>< a... 

125 15 sa tsl 
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126 16 ss tsl 44 Subtract 10 - order part of 
127 17 ej ts dd given sum and test difference 
130 20 pr 0 jjl Error - print M 
131 2l ms 0 dd Stop - ignore error 

132 kpO. 000 02000 Constant for test 
133 1 000 76000 Constant 
134 2 000 xx Max~um block size 
135 .3 006 00000 Reader start code 
136 4 005 00000 Reader stop code 
137 5 000 42 Flex codes - period 
140 6 000 72 7 
141 7 000 66 6 
142 10 000 62 5 
14.3 11 000 64 4 
144 12 000 70 3 
145 .13 000 74 2 
146 14 000 52 1 
147 15 00 0 37 0 
150 16 000 100 Constant for test 
151 17 000 7 Mask 
152 20 000 1 Constant 
153 21 00100 00000 Constant to set' up period 
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 
16b 27 rp 30000 ee11 set up 
162 3.0 00 00000 75204 sUm check CA 

:163 ws 0 er 0 q Clear lOA 
164 1 mj 0 dd5 Return to regular read 
165 2 000 0 Period code space 

Working Space Uses: 

w~O Assembly space for data' 
1 Storage for IA 
2 Period code space 
.3 Hi-order part of computed check sum 
4 Lo-order part of computed check sum 

~: (1) Three of the "Working spaces are stored on MD and transterred 
to HSS with the rest of the program. Two of these are used 
initially for a one-shot clear. lOA. Then they are used as 
indicated above throughout the rest of the program. 

(2) The FLEXIE check sum cells, bb13 and.bb14, are blank since 
the check sum depends on the value assigned to bb. The check 

code 



samey be obtained trom the tape assembled by Reco II 
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as follows-: load the tape and ~ART at bbO; theeomputer 
v1ll stop with a "t" ~rtIl as mentioned above; at this 
point A-left contains the Lo-order part of the check sum 
and A-right the Hi-order part. 

10-440 


