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Recipients of the Ramo=Wooldridge Utility Routine Library:

The enclosed "Table of Contents" should replace the one currently in the
notebook.,

The enclosed description for FRI-0 is a revisicn and should replace the
present FRI=0 description.

£11 thirteen pages of the section currently in the notebook entitled
"General Description of ERA-1103 Operation Using the Service Routine
Library" should be replaced by the enclosed section "The Utility Routine
Library Handling Package".

The routines currently included as appendices to this section (that is,
FRI-1, URT=-0, and URT-1) should be replaced by the enclosed routines FRI-1,
URT-3, and URT-1 respectively. The three new routines should be placed in
their proper alphabetical position with the rest of the utility routines
rather than as appendices to the "Utility Routine ILibrary Handling Package".

The following enclosures are new additions to your library notebook:

CPO=1 Card Punch Output for Floating Point Numbers
DIE-0 Definite Integral Fvaluation Routine

EXP=3 Floating Point Exponential Routine

10G=2 Floating Point Netural Logarithm

MDP=1 Bicctal Memory Dump

NUI=3 Numerical Integration by the Gill Method

SIN=3 Floating Point Sine-Cosine Routine
SNI=-1 Arcsine-hrcosine Routire
SNI=2 Floating Point iArcsine-ircosine Routine

STT=0 Storage to Magnetic Tape Trensfer
TST=0 NMagnetic Tape to Storage Transfer
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Walter F., Bauer, Head
Digital Computing Center
Computer Systems Division




° 9

©

© O

Page 1 of 2
Revised 10=3=55

THE RAMO=WOOLDRIDGE CORPORATION
Los Angeles 45, California

UTILITY ROUTINE LIBRARY
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The Ramo=Wooldridge One-Pass Assembly Program (RAWOOP)
The Flexowriter Memory Dump

The Bioctal Memory Dump
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Memory Inspection and Insertion

Automatic Sampler

Storage to Magnetic Tape Transfer

Magnetic Tape to Storage Transfer

Utility Routine Transfer = Magnetic Tape to Drum
Utility Routine Transfer = Drum to Magnetic Tape

Differential and Integral Equation Routines

DIE=0
NUI=3

Definite Integral Evaluation Routine
Numerical Integration by the Gill Method

Input and Output Routihes

CPO=-1
FRI=0
FRI=1
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Card Punch Output for Floating Point Numbers

The Ferranti Input Routine

Simplified Ferranti Input Routine for Bootstrap Procedure
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Interpolation and Curve Fitting Routines

Logarithmic, Exponential, and Rooting Routines

EXP=1
EXP=3
LOG=2
SQR=0

Approximation e ™ Routine

Floating Point Exponential Routine
Floating Point Natural Logarithm Routine
Square Root Routine

Matrix Routines

Statistical and Clerical Routines

Trigonometric Routines

SIN=0
SIN=1
SIN=2
SIN=3
SNI=1
SNI=2
TNI=0
TNI=1

Central Exchange Sine-Cosine Routine
Polynomial Multiply Sine=Cosine Routine
Small Angle Sine=Cosine Routine
Floating Point Sine=Cosine Routine
Arcsine-Arcosine Routine

Floating Point Arcsine-Arcosine Routine
Arctangent Routine

Floating Point Arctangent Routine
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THE RAMO-WOOLDRIDGE GORPORATION
Los Angeles 45, California

The Utility Routine Library Handling Package for Paper Tape Input

Normal Operation

During normal cperation, the Service Routine Library is stored on the drum.
In order to use one of the routines, control is transferred to one of the
low-numbered drum addresses in the 40000b channel (see the list of "Service
Routine Starting Addresses").

Details concerning the operation of these routines and their locetions can be
found in the write-ups.

MT Start

Ify at any time, the library stored on MD ia destroyed by a program, or
because the drum interlace has been changed, cr for some other reason,
the entire library may be loaded onto MD from magnetic tape. Selecting
MT Start and starting effects loading of the service routine library
from MT zero. PAK is set to the FRI-O starting address upon completion
of the transfer. Selecting MT Start, setting Ap> O, and starting effects
loading of the service routine library and the assembly program and sub-
routines from MT zero. PAK is set to the CMP-0 starting address upon
completion of the transfer.

Bootstrap

Since the Ferranti reader requires a programmed read in, it is necessary
to "bootstrap" into the machine when no input routine is stored in memory.
The procedure devised to load an input program involves the use of one
binary card (since this method requires the fewest number of instructions
to be loaded manually). It is necessary to key in manually only four
words which perform the read in of one binary card (24 words) and transfer
control to these 24 words.

This binary card contsins a simplified Ferranti Input Routine (FRI-0) which
then begins to resd in the service routine library paper tape. This tape
contains at its beginning the regular FRI-0 input routine and instructions
transferring it to its proper location on MD. Vhen FRI-O has been loaded
on MD control is transferred to it and FRI-0 reads in the remainder of the

tape.

Following FRI-O on the tape are the library, a Magnetic Tape to MD transfer
routine (URT-1), and an MD to Magnetic Tape transfer routine (URT-3). lhen
the complete paper tepe haes been read in the computer halts with the library
loaded on MD. PAK is set to 40000 by an MD Start, the machine is started
and URT-3 transfers the library and URT-1 to megnetic tape unit zero. The
computer then halts with PAK set to 40001, the FRI-O starting address.

Detailed Descriptions of Routines

Detailed descriptions,'operating instructions, and codes for the routine
mentioned above sre included in the notekbook.
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Operating Instructions for the Bootstrap Procedure (Loads MD and MI zero with

Service Routine ILibrary)

1.

2

3

G

8.

Put the binary card deck in reader making sure that card reader is
set for two fields and that all three switches on the reproducer
are away from the card hoppers. Also be sure that there are cards
in the punch hopper as the reader will not operate without them.

Put the library paper tape in the Ferranti Reader.

Position MI zero at the dead space immediately preceeding the first
block. (Maintenance people will perform this function if requested).

Key in the following program:

00104 17 00000 00104 pick card

00105 17 00000 00105 read and pick card
00106 75 30030 00000 read one binary card
00107 76 10000 00000 then jump to 00000

START at 00104. The computer reads in one card containing the
simplified Ferranti routine, then switches control to this routine
which reads in FRI-0 and the necessary orders to transfer it to MD.
After FRI-O has been placed on D, control is transferred to it and

it reads in the library tape and the MT to MD and MI transfer routines.
The computer then halts with the MS instruction 56 00000 40001.

Select MD Start

Set low ordér octal digit of Q to the address of the MT unit desired.

To load tepe zero, omit this step of the procedure.

START. The MD to MT routine loads the MI to MD routine, 40001b thru
40040b, 70000b thru 75777b, and 60000 thru 67777 onto MT zero. The
computer then halts with the MS instruction 56 00000 40001, setting
PAK to the FRI-O starting addresse.
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Identificstion Teg:

Type:

Assembly Routine Spec:

Storage:

Program Entrances:
Progrem Exit:

Alerm Exit:

Drum Assignment:

Machine Time:

Coded by:

Code Checked by:

Machine Checked by:

Approved by:
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THE RAMO-WOOIDRIDGE CORPORATION
Los Angeles 45, California

Card Punch Output for SNAP Humbers

Specifications

CPO-1
Subroutine
SUB 50490 20824 (see special Assembly Instructions)

180 instructions, addresses
O0KOO thru 07XK32

28 constants in progrem, addresses
02000 thru 01623

43 words temporary storege required but not
stored with the progrem

208 words total program storage, addresses
COKCO thru 07K32
02C00 thru 01C23

10 words temporary storage pool used, addresses
00027t thru 00040b

The constant pool is used by this routine

Addresses 00KOZ2, OOKO3
Address COKO1

The alerm exit is used by this routine

Addresses 64372b thru 64711b

0.5 seconds per card if both the entrance and
the numbers are in ES

R. Summers ) September 7, 1955

R. Summers September 9, 1955
~ R. Summers September 14, 1955

W. Bauer September 23, 1955
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DescriEtion

This routine converts SNAP floating point numbers into floating decimal numbers
and punches them onto cards. These cards may be used either for listing or for
SNAP input.

Two entrances are provided~ one requires a parameter word for each word to be
punched end the other requires two parameter words for punching any number of
words stored in consecutive cellse.

The cards produced by this routine contain four numbers each. FEach number con=-
sists of a ten-digit mantissa and & two-digit exponent. Each number has associ-
ated with it a five-digit decimal location number which may be used as an input
address.

Assembly Instructions

Although only 208 instructions are assembled an additional 43 cells (bringing
the required total to 251 cells) must be allowed for temporary storages

This routine must operate from ES.

Programming Instructions I (to be followed when a parameter word is supplied for
each cell to be dumped)

This routine may be assembled into a program by use of a "SUB" card as mentloned
under "Assembly Instructions" above.

1. Enter the routine with an RJ instruction. Assuming that the routine was
assigned to region OOKOO for assembly use the instruction RJ OOKOl OOKOZ2.

2. [Enter the parameter words. If the RJ ingtruction weas placed in cell n one

paremeter word for each cell to be dumped should be pleced in cells ntl,
nt2, nt+3, etec. :

The perameter word is of the form

00 M L.

The u~address portion of the word (M) should contain the address of the
nunber to be dumped. This moy be any ES or drum address.

The v-address portion of the word (L) should contain the location number.
This should be the octal equivalent of the decimel location number that
will be punched on the output cerd.

3. LAt the conclusion of the routine control will be trensferred to the first
cell (following cell n) in which the first octel digit is not a zero.

Alarm Conditions for "Progremming Instructions I"

If (M) is not a true SVAP number (that is, if bit 27 of (M) is equal to zero)
a partiglly blank card will be punched. "CPO-1" and the address of the RJ
instructions used to enter the routine will be printed on the flexowriter.
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’ At the time that the alerm halt occurs PAK will be set to the address of the

cell imrediately following the RJ instruction. It must be reset before start-
ing again.

Progremming Instructions II (to be followed when two parameter words are to be
used to specify a dump of the contents of & number of consecutive cells)

This routine may be assembled into a program by use of a "SUB" card as mentioned
under "Assembly Instructions" above.

1. Enter the routine with an RJ instruction. Assuming that the routine was
assigned'to region OOKOO for assembly use the instruction RJ OCKOl COKO3.

2. Enter the two parameter words. If the RJ instruction was placed in cell
n the parameter words should be placed as follows:

n+l: 00 00000 p
nt22 00 M L
M and L are defined as in item 2 of "Programming Instructioms I".

The numbers located in p consecutive cells (starting with address M) will
be converted and punched. L will be advanced by one for each number.

3. At the conclusion of the routine contfol will be transferred to cell n+3.

Alarm Conditions for "Operating Instructions II"

If (M) is not a true SNAP number (thet is, if bit 27 of (M) is equal to zero)
a partially blank card will be punched. "CPO-1" and the address of cell nt2
will be printed on the flexowriter.

Starting at this time will cause a normal exit from the subroutine.

Iast Card Punched

If the number of cells to be punched for a particular dump is not an even multiple
of four the last card will contain blank fields to allow for the missing cells.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Definite Integral Evaluestion Routine

Identification Tag:
Type:
Assembly Routine Spec:

Storage:

Drum Assignment:
Program Entrance:
Program Exit:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved Dby:

Specifications

DIE-Q

Subroutine

SUB 49810 05804

5/, instructions, addresses
00POO thru OOPO7
00S00 thru 00S26
OONOO thru OON18

4 constents in program, addresses
01C00 thru 01C03

58 words total program storage, addresses
OOPOO thru OOPO7
00S00 thru 00S26
OONOO thru OON18
01C00 thru 01C03

10 words temporary storage pool used, addresses
00027b (00TO0) thru 00040b (OOTO9)

The constant pool is used by this routine

Addresses 63122b thru 63213b
Address 00P0O2
Address 00PO1

Fixed point

F. Meek June 7, 1955
R. Bigelow - June 10, 1955
F. Meek July 7, 1955
W. Bauer July 26, 1955
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Description

Assuming that y = f(x) is a tabulated function with equal increments in the
argument(xo, Xq9 Xy o o o s xn), this routine will approximate the definite
integral

X
n
1l )/’ ydx
SIS

using either Simpson's rule or a modificestion of Simpson's rule.

The function values may be stored in ascending order of the argument in any
block of consecutive storage cells.

At the time of entry into the subroutine the programmer must supply the value
of n (that is, the number of intervals, one less than the number of points)
and the address of the cell containing the first function value Yo = f(xo).

The routine gives as a result an approximation to

n
il ydx

(xn - xo) xg

and the programmer must then multiply this result by(x - xo) to obtain the
approximation to the integral itself.

Notation
*n

sz £x) dx, J=__1 I.
XO (Xn - XO)

I* and J¥ are approximations to I and J, respectively.

‘CzI*"I.

Renge of Vs J¥, and n

The only restriction on the y.'s is that they must be single precision fixed
point numbers. The number of intervals n must be grester than one but can be
arbitrarily large. The result J* will be given scaled by the same amount that
the y.'s were scaled.

In order to obtain the maximum significance for J* the 3 's should be scaled as
far to the left as possible.

Programming Instructions

Before entering the routine the function values y. must be stored in ascending
order of the arguments in consecutive storage cells.
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1. Place n+2° in A.

2 Plece the address of Jo = f(x ) in Q

3. Enter the routine with the instruction RJ O0KOl 00KO2 (assuming OOKOO is the
region that was assigned to the routine during assembly)

At the time of exit from the routine the result J* is left in A, scaled by the
same amount that the v 's were scaled. The numbers vy have been left in their

original state.

Mathemstical Analysis

Let the equal incremernt of x be denoted by

hzxi_xi_lzxn"'xo>o,i:l,2,.a0’n.

n

Suppose I is to be approximated by a quadrature formula of the form

I¥* = h :E: cy f(x =X = %o :E:

i=0 1=
_ n

where the c,; ere the appropriete coefficients, e.g., for the trapezoidal rule

G =8, = 1/2 and ¢, = 1 otherwise. Let
n i
n
* =
J* = 1/n }; c; Vy-
i=0
Then

#* = - %,
I (xn xo) J

Notice that J* does not involve x, and therefore J* can be computed without regard
to the scaling of x. For this reason J* rether than I* is obtained by the subroutine.

If n is even Simpson's rule is used throughout the intervel (xo, xn). If n is odd

Simpson's rule is used over the interval (xo, Xn—B) and Newton's three-eighths rule

is used over the 1nterval (x -37 x ),

therefore

J* = 1/3n (yO L Ayl = 2y2 + 4y3 + ZyA o 0 o W Ayn_l +‘yn) for n even, and

=
"

1/3n (yo o+ Z&yl == 2y2 p L B + 1l'yn_4 -+ yn_B)

-+

3/6n (y,_3 * 3y,_, + 3y, tv,) for n odd.
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Error Analysis

Let a be some value in the closed interval (xo,xn) and let P and y be values in

the closed intervals (XO’xn—B) and (yn_B,xn) respectively.

If g§% is continuous throughout the interval (xo,xn) and if n is even
d
= 7*(a) (= xo)s, where y*(a) = Qﬁz
180nlr dx x=q

If dﬁy is continuous throughout the invertal (xo,xn_B)_and exists throughout the

dxch

interval (x_ .,x_) and if n is odd
TS
ER= l/n5 [n—3 yA(ﬁ) + 3 yA(Yﬂ{}h - xél 5.
180 80

For the derivetion of these quadrature formulas and their error terms, see Milne's
Numerical Calculus, pp. 120 thru 124.

Machine Time

The time required for this subroutine is (2.25 + .62n) ms, n # 3. When n = 3 the
time required is 2.73 ms.

Machine Checking ’

Two preliminary test cases were run:

l« n =99,

=

, = —(235—1) for 211 i. The result obtained was —235 (it should have

A
R
been -(239—1).

e n=98,y. = (235—1) for all i. The correct result, (235—1), was obtained.

In addition, the following computations were performed:
1. SIN~0 wes used to produce a table of sines and cosines for the arguments

¥y = nki2 = (w/z)-n-z"*, n =0y 1y 29 o « = 5 99
b b
2. Iet S :J cos ydy = sin b and C =j sin ydy = l-cos b. DIE-0 was used to
0 0
compute S5* and C* for b :,(W/Z)'n'24’ il = 2y Bla e oo oo 9
n = 10,15,20,25
n = 30,40,50, . . . 90, and
n = 99

I n
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‘ 3. For cach b (or n) € = 5% -sin b and £, = C* = 1 + cos b were computed. The
following tables refulted: _

n £ -106 c -106
S (¢

2 .101 .010

5 338 .050

4 .197 .039

' 5 222 .125
6 .287 .087

7 490 .215

’ 8 .365 .151
9 .50 .316

10 429 «229

15 560 .650

20 W] .713

25 .200 1.056

30 .101 1.022

40 -.3E5 881

50 -.506 WAL

‘ 60 -.198 .039
70 .286 .087

80 .516 .516

20 .286 L9L5

. 99 -.338 .981

It wes to be expected thst, in general, the errors would be greater for n odd. The
overall behavier of € and CC is easily seen to be consistent with the fact that

' € and £, represent the errors in integreting the cosine and the sine respectively.

For gxample, £, is smell for n = 30 because it is the error obtained in

Loy

/16” /1(: f
cos ydy

0 j I

- 16"

gl 2
1L ik i A
. j—]};ﬂ /2 e :JlgT
1o 0
o Rk
, Lon T
) J16 B jz
since =
7 1
‘l' 2 16" |
In fect, € for n = 30 (b = (15/16)7) is exactly equal to g, forn = 2 (b = (1/16)7

Bvidently, all the errors Cs end &, are less then their corresponding maximum estimates

as computed by the formulas sbove under Error estimate. In particular, for n = 10 and 15
the following maximum error estimaics werehand computed: :
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n Max Cs 10 Max Cc 106
10 .508 o421
15 .740 .903
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THE RAMO-WOOLDRIDGE CORPORATION

Los Angeles 45, California

Floating Point onential Routine

Identification Tag:
Type:
Assembly Routine Spec:

Storage:

Program Entrance:
Program Exit:

Alarm Exit:

Drum Assignment:
Machine Time:

Mode of Operation:

Coded by:-
Code Checked by:
Mschine Checked by:

Approved by:

Specifications

EXP-3
Subroutine

SUB 50230 04715

32 instructions, addresses
OOEOQ thru OO0E31
01EOO0 thru O1E31
15 constants in program, addresses
02EQ0 thru ORE14
03EQ0 thru 03El4
47 words total program storage, addresses
00EOO thru OOE31
01E00 thru 01E31
O0RE00 thru 02E14
03E00 thru 03E1l4

2 words temporary storage pool used, addresses
00027b thru 00030b

The constent pool is used by this routine

Address 00EO2 (0O1EO0Z2)
Address O0E01 (01EO1)

The zlarm exit is used by this routine

Addresses 63766b thru 64045b
L.3 ms average, 5.46 ms maximum

Floating point

M. Perry July 27, 1955
R. Bigelow July 27, 1955
M. Perry August 8, 1955
W. Bauer August 10, 1955
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Description

When supplied with an argument X in SNAP form this routine will compute the
exponential (eX) using a Rand Polynomial Approximation producing the answer
in SNAP form.

Programning Instructions

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

1'e Place the double length extension of X in the accumulator.

X must be in SNAP form.

2. Return Jump to_the_subroutine. Assuming that the subroﬁtine was assigned
to region OOKOO for essembly, use the instruction RJ OOKOl OOKOZ2.

3. At the time of exit from the subroutine, the double length extension of ex
in SNAP form will be in the accumulator.

Error Analysis

For X<<2, the errcr in e* is less than 2-26, for X >2, the error in e" is less

than 2-(26-E) where E is the binary power of X.

Mathemstical Analysis
1. X = (57129). Hlog,e+129)

2. Divide (X-logze + 129) into an integral part R and a fractional part S.
By the necesssry limitetions on X, R>0, 0=5>1

3. o = [271)(25)

)

S S
Lo 2”7 is evalueted using the Rand Polynomial Approximation number 20, (2 = 10 lOglO

5. Since 0=8=1 , 12502

1/2325/2>1

l

S
6. R-128 is the characteristic of the answer in floating notetion, and % is
the mantissa.

Range of Varieble

An alarm will result if X is greeter than .693 x 27. If X is less than -.693 x 27,

the answer will be zero, but no alerm will occur. Essentially, the exponential of
any number can be found, provided thet exponential can be expressed in SNAP form.
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Alarm Conditions

An elerm print will occur if the variable falls outside the permissible range
stated above. The flexowriter will print "alarm" and the address of the cell

in the main program containing the RJ instruction which was used to enter
EXP-3. '

Pushing the start button after an alarm halt will transfer control to the exit
of EXP-3.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

The Ferranti Input Routine

Specifications

Identification Tag: FRI-O

Type: Service routine (with a subroutine entrance
provided)

Storage: 91 instructions, addresses 40001b and

75160b thru 75174b
75177b thru 75256b
75260b thru 75314b

16 constants in program, addresses 75175b,
75176b, 75257b, 75333b, and 75315b thru
75330b

2 words temporary storage used in program,
addresses 75331b thru 75332b

109 words total program storage, addresses
40001b and 75160b thru 75333b

The constant and temporary storage pools are
not used by this routine

Service Entrance: Address 40001b

Program Entrance: Address 75161b

Program Exit: Address 75173b

Mode of Operation: Fixed point

Coded by: R. Beach May 18, 1955
Code Checked by: R. Summers May 19, 1955
Machine Checked by: R. Beach August 4, 1955

Approved by: W. Bauer Mugust 29, 1955
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Descripticn
iis General

This routine is designed to read, by means of the Ferranti reader, seven-level
bioctal tepe prepared as described below. The routine reads in paper tape at
the full speed of the Ferranti with only short hesitation when a check or insert
address is encountered.

If desired, the tape may contain a check sum to be tested for agreement with the
computed sum of the data read-in. The routine will reed data into any ES or MD
cell elthough the reading of information into certain drum cells (as described
in deteil below) will result in abnormal operstion.

The routine stores the contents of ES on MD at addresses 76000b through 77777b
and then transfers itself to ES. It sums itself (in ES) eand checks the sum
sgainst the correct sum (stored on MD).

The Ferranti resder is started in the free running mode and the routine proceeds
to read tape and process the informatior contained on the tape in the same manner
as does the ERA photoelectric reader (for exceptions, see II. 3 and 4).

Each word to be transferred to memory is summed as it is read in from tepe. Vords
which are to be read into ES are first stored in the MD image of ES (76000b thru
TR )

During operstion all words are read into ES from the tape and a block transfer to
MD is mede when (1) ES has been filled with data (thet is, when 924 words have
been read in); (2) an 1nsert address appears on the tape; or (3) the "end of tape"
seven~level comblnatlon has been read in (see II. 4).

The reader is stopped before making the transfer and is started again after the
transfer hes been completed in the first two cases; in the last cese, the reader
is stopped, ES is restored from the MD imege and control is transferred to the
exit. -

The reader is also helted vhen a check address appears on the tape. If no check
sum test (see II. 3) is to be made sfter a successful check address test the
reader is started immedictely; if the check sum test is specified the reader is
started efter the test is made and the sum determined to be correct.

The routine does not prevent resd in to sddresses 40001b, 75160b thru 75333b, or
76000b thru 77777b. A tape specifying loading into these cells will ordinerily
not be reed in correctly.

II. Requirements for Tape Preparation

1. The first word on a tape must be an insert address.

2 Check addresses should be used, although FRI-O will operate without them.
A check address immedistely following an insert address must be the same
as the insert address.

3. For a check sum test the following four words must appear on the tape et
the point where the sum is to be tested:
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1) Insert address 75202b
2) High order 36 bits of check sum
3) ILow order 36 bits of check sum
4)  Check éddress 75204b

Operating Instructions (to be followed when the routine is used as a service routine)

1Le Set PAK to 40001b &nd start.

2. Computation will helt with the MS instruction 56 00000 40001 at the completion
of the read in.

Programming Instructions (to be followed when the routine is used as a subroutine)

1o Enter the routine with the RJ instruction 37 75173 75161.

2 Control is returned to the cell immediately following the RJ instruction as
soon as an "end of block" punch is reached on the tape.

Alarm Conditions

1. No "end of tspe" punch. This condition is indicated by the tape running com-
pletely out of the Ferranti reader. When such & condition occurs the operstor
sheculd

8e Msster clear

b. Set PAK to 00074b and start

C When computation halts (when a service entry was used) with the MS
instruction 56 00000 40001 the mechine will be returned to its original
state and the data read from the tape will be properly stored.

If a program entry was used control will be transferred to the proper
cell in the main program.

2. FRI-0 not transferred to ES correctly. If ALR=1 prints "FRI-0 75165" and (A)
and (), the sum of the program transferred to ES has failed to check. Start-
ing at this point trensfers FRI-O to ES again.

A second failure indicates that FRI-O is not on the drum correctly and should
be restored.

3. Check address failure. If AL3-1 prints"ALAR|C" and (A) and (), a check
address hes failed. In the alarm print (A,) is the address of the next cell
to be loaded and (W) is the check address that was read in from paper tape.

Starting at this time will cause the machine to ignor the failure and operation
will continue normally.

L. Check sum failure. If ALR-1 prints ”AIAR‘M" and (A) and (W), the check sum on
the tape has failed to agree with the computed sum.

Sterting at this point will cause the routine to ignor the failure and to begin
+n vaod in the tave agaih-
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If at any time (ES) need be restored from its imsge, starting at 40040b
will transfer the image to ES and transfer control to the FRI-O exit.

And "end of tape" (or "end of block") punch must be present on the tape
to halt read in. This consists of seventh level punches in two consecu-
tive frames on the tape at the point where the read in is to be stopped.
This seventh level combination scts as a signal to FRI-O to restore (ES)
and stop the Ferranti resder. It is compatible with the ERA photoelectric
reader in thet it is an illegal combination which halts the ERA reader.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Simplified Ferranti Input Routine for Bootstrap Procedure

Specifications
Identification Tag: FRI-1
Type: Service routine, but not available as part of

service routine library
Storage: 17 instructions, addresses 00000b thru 00020b

6 constants in program, addresses 00021b thru
00025b and 00027b

1 word of temporary storage in program, address
00026b. Two words of temporary storage not
in program, addresses 00030b and 0004Ob.

The temporary and constant storage pools are not
used by this routine.

Entrance: 00000b (sutomatic entrance from keyed in binary
card read in routine).

Coded by: R. Beach April 1, 1955
Code Checked by: R. Summers April 2, 1955
Machine Checked by: R. Beach April 12, 1955
Approved by: W. Bauer August 23, 1955
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Description

This routine is a simplification of FRI-O which can be contained on one
binary card. It is used, as part of the bootstrap procedure, to read
FRI-O into ES. The routine resds tape into ES recognizing only insert
addresses, date words, and the "end of tape" seven-level combination.
When it finds the "end of tape" combination it transfers control to the
transfer instructions at 00050b thru 00053b. The transfer instructions
stop the reader, clear cells 40001b thru 40040b, 70000b thru 75777b, and
60000b thru 67777b, transfer FRI-0 to its proper location on MD and then
transfer control to FRI-O.

Opersting Instructions

See the "Bootstrap Procedure" in the "Utility Routine Library Handling
Package" description.
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Floating Point Natural Logarithm Routine

Identificetion Tag:

Type:

Assembly Routine Spec:

Storage:

Progrem Entrance:
Progrem Exit:

Alerm Exit:

Drum Assignment:
Machine Time:

Mode of Operation:

Coded by:

Code Checked by:

Mechine Checked by:

Approved by:

Specifications

10G=2
Subroutine
SUB 50190 03810
28 instructions, addresses
OLNOO thru OLN27
1INOO thru 1IN27
10 constants in program, addresses
2INOO thru 2ILN0O9
3INOO thru 31N0O9
38 words total program storage, addresses
OLNOO thru OILN27
1INOO thru 1LN27
2INOO thru 2ILN0O9
3INOO thru 31INO9

3 words temporary storage pool used, addresses
00027b thru 00031b

The constant pool is used by this routine

Address OILNO2 (1INO2)
Address OINO1 (1INO1)

The alarm exit is used by this routine

Address 63716b thru 63763b
3.37 ms average, 4.12 ms maximum

Floeting point

M, Perry _ July 27, 1955
R. Bigelow - July 27, 1955
M. Perry August 8, 1955
We Bzuer August 10, 1955




o

10G=2
Page 2 of 3

Description

When supplied with an ergument X in SNAP form this routine will compute the
natural logarithm of X using a Rand Polynomiel Approximation, producing an
answer in SNAP form.

Programming Instructions

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

l. Plece the double length extension of X in the sccumulator. X must be in
SNAP form.

2. Return Jump to the subroutine. Assuming thst the routine wes assigned
to region OOKOO for assembly, use the instruction RJ O00KO1l OOKO2.

B At the time of exit from this routine, the double length extension of 1n
X in SNAP form will be in the accumulstor.

Error Analysis

The error in the result of this routine is less than 2 “6

Mathematical Analysis

1. Let X = Me2°

Then 1n X

(1n 2)(log,X)
(1n 2) 1og2(M-2e)
(In 2) e-1 + log,(2M)

2 Iog2(2M) is found by evaluating the Rand Polynomial Approximation Number 42,
with argument 2M.

3. Since 1/2 <M< 1, 1 <2M< 2 and 1og2(2M) is between 0 and 1.

Range of Variable

The logerithm of any number x, (X>0) may be evaluated by this routine provided
X can be expressed in SNAP form.

Alerm Conditions

An alarm print will occur if the veriable falls outside the permissible range
steted sbove. The flexowriter will print "alarm" end the address of the cell
in the main program containing the RJ instruction which was used to enter LOG-2.

Pushing the start button after an alarm halt will transfer control to the exit
of LOG-2.
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Identification Tag:

Type:

Storage:

Service Entrance:
Program Entrance:
Program Exit:

Alarm Exit:

Drum Assignment:
Machine Time:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved by:

MDP=1
Page 1 of 7

THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

The Bioctal Memory Dump

Specifications

MDP-1
Service routine (with a program entry available)
157 instructions, addresses 40005b,

74703b thru 74754b
74760b thru 75141b

17 constants in program, addresses

747550 thru 74757b
75142b thru 75157b

17, words.total program storage, addresses
74703b thru 75157b

10 words temporary storage pool used, addresses
00027b thru 00040b :

The constant pool is used by this routine

Address 40005b
Address 74705b
Address 74704b

The alarm exit is used by this routine

Addresses 74703b thru 75157b
21 seconds per 100 words maximum

Fixed point

W. Dixon August 15, 1955
C. Koos August 20, 1955
W. Dixon September 15, 1955
W. Bauer September 19, 1955
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Descrigtion

This routine will dump onto bioctal tape the contents of any specified number
of consecutive storage cells. It feeds leader and trailer, inserts insert
end check addresses and check sums, end may place a double seven-level punch
(required to stop FRI-0) &t the end of each dump.

The tape produced can be read back into the 1103 with the Ferranti reader
(using FRI-0) or with the ERA photoelectric reader. However, when using the
photoelectric reader one should note that the check sum will be read into
cells 75702b and 75703b and that the double seven-level combination will stop
the reader by causing a fault.

This routine stores (ES) in cells 76000b thru’ 77777b while operating and at
its conclusion restores (ES), (A), (Q), and (F1) to their original state.

Operating Instructions (to be followed when the routine is used as a service
routine

1. Set PAK to 40005b and start.

2. Computation will halt with the MS instruction 56 00000 74730 and Q will
be cleared.

3. Manually enter the parameter word in Q. Place the address of the first

cell to be dumped in Qu and the address of the last cell to be dumped in
Qe
v

The range of the dump may extend from ES addresses to drum addresses.
For example, if the word 00 00200 40050b is placed in Q, the routine
will dump cells 00200b through 01777b and 40000b through 40050b.

If an FRI-O stop code is to be punched on the tape following the dump
place a Ol in the operation portion of Q. If no stop code is to be
punched place an 00 in the operation portion of Q.

40 Start.

5« Computation will halt at the conclusion of the dump with the MS instruction
56 00000 74706.

6. For another dump one need only push the start button and return to step 2
above.

Progreamming Instructions (to be followed when the routine is used as a subroutine)

1. Enter the routine with the RJ instruction 37 74704 74705 B.

2. Enter the parameter word. If the RJ instruction is in cell n the parameter
word (as described in operating instruction 3 above) must be placed in cell
n + 1.

3. A+ the conclusion of the routine control will be transferred to the instruction
in cell n + 2.
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Alarm Conditions

An alarm print will occur if an unacceptable parameter word has been supplied
to the routine. Any one of the following three conditions will produce an
alarm print:

W Y%
02000b éQu< 40000b
O2OOOb:5;Qv <40000b

If the service entrance was used the Flexowriter will print "MDP=1 74705".
The operstor may push the start button at this time and return to operating
instruction 2 for another dump.

If the program entrance was used the Flexowriter will print "MDP-1" and the
address of the cell in the main program containing the unacceptable parameter

word. Pushing the start button at this time will transfer control to the
exit of MDP-1.

Manuel Restore
If the operator wishes to stop & dump before its normal completion he may

1. Force stop while the punch is operating.

2. Set PAK to 40040b and start.

3. Computation will halt with an MS instruction in cell 74704b (the MDP=-1
exit).

If the service entrance has been used the operator may push the start button
and return to operating instruction 2 for another dump.

If the program entrance has been used pushing the start button will cause a
normal exit from the routine.
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Gill. Method Subroutine

Specifications

NUI-3

Subroutine

SUB 49880 o741k

59 instructions, addresses

OGMOO thru OGM4O

1GMOO thru 1GMLT

15 constants in program, addresses

0GCOO thru OGC1k4

T4 words total program storage, addresses

10 words temporary storage pool used, addresses

OGMOO thru OGM4O

1GMOO thru 1GMLT

0GCOO thru OGCL4

00027b (0OGTO0) thru 00040b (OGTO09)

Addresses 63230b thru 63354b

Addresses OGMO2, OGMO3, and OGMOL

Address OGMOL

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

Fixed point

M.

I’a
M.

W.

. Carlson

Douthitt
Elmore

. Summers

Elmore June 8, 1955
Elmore July 7, 1955

Bauer July 22, 1955
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Description

The Gill Method Subroutine integrates a system of first order, 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 equations,
thus allowing the subroutine to solve concurrently several different systems in the

same program.
The independent variable is incremented within the subroutine itself.
Notation

The system of equations to be solved is

ax = fi(x:ylyyz;"'}yn):(i=l)21'")n)-

4G are intermediate values of the calculation (zero initially)

Ax is the increment of the independent variable x

h

h is the binary scaling power of x (i.e. x*2° is in the computer)

h-1 is the binary scaling power of Ax

m, is the binary scaling power of Yy

i
£ is the common difference between the scaling power of vy and the scaling
dy
power of EEE for each 1.
dyi
m; - f is the binary scaling power of =

L=73+f-h

Programming and Operating Instructions

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

In order to solve a given system, the following array of variables, derivatives,
intermediate values, and parameters should be assigned a region, say OGINOO.
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OGINOO L
OGNOL 00 OGNO5 OGNO6
OGINO2 n-1
0GNO3 Ax  scaled 2871
OGNOL x scaled 2
dyl
OGNO5 T scaled m - &
OGIN06 ¥y scaled m,
OGNOT dy initially zero
8 V2
OGNNO T scaled m, - £
OGINO9 Vo scaled m,
OGN10 s initially zero
d'yi
In addition, the coding for computing z—= for all i, (i=1,2, ..., n) should
be assigned a region, say ODEOO. This coding will use the values in region OGNOO
dy
to compute all EEE as specified by the equations in the system and should place the

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

Assuming the Gill Method Subroutine is in region OGMOO, the three entrances are
0OGMO2, OGMO3, and OGMOL4. The exit is OGMOL.

The first entrance, OGMO2, 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:

RJ OGMO1 OGMO2
00 OGNOO ODEOO

The second entrance, OGMO3, is the entrance for producing a point of the solution.
It is entered by an RJ command: RJ OGMOl OGMO3. 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 OGNOO the new values of the
variables, the derivatives at those values, and x advanced by Ax, ready for the
next step.

The third entrance, OGMOY, is the entrance from the coding for calculating 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 ODEOO region:

MJ 00000 OGMOL
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Mathematical Analysis

Theory. "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 analysis of the process on which the subroutine is
based.

Suppose we know the point (X, YA . Yn) on the curve defined by the

. UIEAS R
system of equations
dyl
A fl (X, le yz) oo o g yn)
dyz
& “Tp By vy oY)
dyh
ceg fn (%, Y92 Jor = =+ yn)

The Gill Method is a process by which we can find the next point on the curve:
i.e. the value of Yys Yoo ¢+« 5 ¥, 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 (%,y), and we want to find y at
X + h; i.e. we want k = 8y such that & =f (X+h, Y+ k).

Xy sn ¥+k

We derive k by making four approximations and averaging them in a particular way.

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

J

= f (X,Y), and find a first approximation to k:

k = h-f (%,Y)
Then we travel a fraction m of the way along this line to the point (X + mh, Y + mk
and find £ (X + mh, Y + m)

This gives us a new straight line through (X + mh, Y + mk ) with slope £ (X + mh,
Y + mk ), and we find

kl=hf(X+mh,Y+mko)

We now use ko and. kl to find a third point at which f is calculated: (X + nh,

Y + [n-r] k o+ rkl).

k, =h £ (X + nh, Y+[n-—rJ k, + rk

a l)
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Similarly,
k3 =h'f (X + ph, Y + [p-s—t] k + sky + tk,
The weighted average of ko, kl, kz, and k3 is the desired k = §y:
5v = - =
y=y (X+h) -y (X) ek + ek + ek, + c3k3
where co + c:L + c2 + c3 = 1,

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

8yy = cokio + clkil + czkiz + c3ki3 where C,* ey t ey c3 = 1.

The above process is, for certain values of m, n, p, s, t, o dl’ o) and c3, the

Runge-Kutta process. The Gill process was derived, with application to machine use
in mind, by minimizing the number of storage cells required. TFor the Gill Method
the above constants are '

m=1/2, r=1- 71/2, c, = 1/6

n=12, s = - Y12, ey =(1/3) (1 - ¥1/2)

p=1 |, t =1+ vIJZ, ¢, =(1/3) (1 + vi2)
gy = 1/€

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:

1st pass:

Advance x by (l/Z)h

kio = BTy (5 Y900 Vg0 o ¢ 0 s Vo)

Ti1 =(l/z)kio - Yo

Uy = G, *+ 30y -(3/2)5

Yi1 Y0 T T2

Calculate fi (x’yii’yZl’ 5o oo n) in programmer's own coding.
2nd. pass:

kil =h fi (X)yll)yzj_) S e e ynl)

Tom = (1 - +/172) (kil - qil)
Up = Ay *+ 3yp - (1 - VI72) kyy
Yig = ¥41 + Tip

Calculate fi (x’ylZ’yZZ’ o« o o ynZ) in programmer's own coding.
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3rd pass:

Advance x by(1/2)n

Bip = BTy (o¥ypidpgs + o v Vpp)
Fig (L + VI/2) (kiz - qiz)

Uz = Ayp 3ri3 - (1L +71/2) ko
Vi3 = Y42 * Ti3
Calculate f, (x,yl3,y23, P yn3) in programmer's own coding.

hth pass:

]

1;13 h'Ii (x)yl3Jy23J e o v yn3>

T, =(l/6)(ki3 o 2qi3)
qj_ll. =2 0‘13 = 31‘]._)4_ -(1/2)]&13

i = Vi3 T

Calculate fi (x,ylu,yzu, 5 o o g ynh) in programmer's own coding.

Errors The paper by S. Gill mentioned previously includes a detailled analysis of
errors, both truncetion error and round-off error.

The expression for the truncation error in Syi is too complicated to give here, but
its dominating term, the author states, is

n

= S r N o . o)
h’ Z fj afk .1 .‘arm . ALi where y_ = x, £ =1,
- ' o % o P’}

Y 0 yj dyk yl ym x=X

3,%,1,m

and the truncation error in 3yi will be approximately this when the second partial
derivatives are all close to zero. It is probably more useful to say merely that
frt

the truncation error is of the order of h).

The standard deviation in Yg —(l/3)qi over one step from all rounding off errors

is (where £ is the quantity mentioned in the section on notation)

2 1/2
/ . 28 ) 2 E of, u, u = the value of
1/6 /342 !(1'16)h / e one unit in the

3 Eyj X last digit of y.

Machine Checking

A driver routine solved two systems of ecuations both separately and concurrently,
using the Gill Method Subroutine. The two systems solved are given below to
indicate accuracy and to serve as examples.
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Equations
ot A
= " Y2,
dyz equivalent to the second order equation,
S 2
dx AL dy +y = 0.

dx

o

Ax = 0872664526 = x/36 = 5

Initial Conditions

At x=0, ¥, = 0 and o= 1.
Solution

yl = sj.n X

Accuracy

In a spot check of the results, the greatest absolute error observed was

o5 o 10'6. (For x = 3.1415925696, ¥, = .0000015425. However, sin x =
.000000084 ). ‘ .

Lguations

5y 1

= U2

dy2 L

e y3 Eqguivalent to the third order equation
3 2

dy3~3’3+)+x2 xd33r—£1__%=4x2

ax X ) dx dx

Ax = .1

Initial Conditions

5 58 S ol vy = . 000025, In = <00L, y_ = .03

3
Solution
I ;
yl = 3{_1_ - x3 + X - 1L
3 60 6000 120,000
Accuracy

In a spot,.check of the results, the greatest relative error observed was
3.k x 1077, (For x - .1999999975, = .00042499858. However, the solution
is actually .000L42500002).
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Floating Point Sine-Cosine Routine

Specifications

SIN-3
Subroutine
SUB 50075 05915
44 instructions, addresses
00S00 thru 00Sk3
01S00 thru 01843
15 constants in program, addresses
02S00 thru 0251k
03500 thru 0351k
59 words total progrem storage, addresses
00800 thru 00Sk43
01800 thru 01543
02S00 thru 02S1h
03800 thru 03S1h

2 words temporary storage pool used, addresses
00027b thru 00030b

The constant pool is used by this routine

00T02 (01T02) for sine, 00TO4 (01TO4) for cosine

0oTO1 (01T01)

Addresses 63533b thru 63625b
3.9 ms average, 4.8 ms maximum

Floating point

M. Perry July 27, 1955
R. Bigelow July 27, 1955
M. Perry August 8, 1955
‘W. Bauer August 10, 1955
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Description

When supplied with an asrgument X in SNAP form, this routine will evaluate Sine X
or Cosine X (depending on which of the two entrances is used) using a Rand Poly-
nomial Approximation, 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.

Al

3.

Place the double length extension of X in the accumulator.

X must be in radians and must be in SNAP form.

Return jump to the subroutine. Assuming that the subroutine was assigned
to region OOKOO for assembly, use either the instruction RJ OOKOl OOKO2
for the sine, or the instruction RJ O0KOl OOKO4 for the cosine.

At the time of exit from the subroutine, the double length extension of
sine X (or cosine X) in SNAP form will be in the accumulator.

Error Analysis

The error in the result of this routine is less than 2'26; however, the signi-
ficance of the sine (or cosine) cannot exceed the significance of the fractional
part of X.

Mathematical Method

1.

sin(n/2)(y)

sine (n/2)(y + 1)

]

Let y = (2/%)X, then sine X

cosine X
Divide y (or y + 1) into an integral part R, and a fractional part S.

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
a number of complete revolutions.

R' is a number one less than the number of the quadrant into which X falls.

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

Therefore, if R' = 00 ILet Z = S first quadrant
R' - 01 Let Z = (1-8) second quadrant
R' =10 Let Z = (-S) +third quadrant
R' =11 Let Z = (1-S) fourth quadrant

Sine (or cosine) X = sin(xn/2)Z.

Sin(n/2)X is approximated by the Rand Polynomial Approximation Number 16,
using argument Z. '
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Range of Variable

No alarm condition is recognized by this routine. However, as X approaches + 227

the number of significant digits in Sine X (or Cosine X) approaches zero, and
X merely defines a number of revolutions and does not significantly designate

an angle.
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Assembly Routine Spec:

Storage:

Program Entrances:
Progrem Exit:

Alarm Exit:

Drum Assignment:
Mechine Time:

Mode of Operation:

Coded by:
Translated by:
Machine Checked by:

Approved by:
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THE RAMO=-WOOLDRIDGE CORPORATION
Los Angeles 45, Californie

Arcsine-Arcosine Routine

Specifications

SNI=1
Subroutine
SUB 50410 08014

66 instructions, addresses
DSCO0 (ASCOO) thru DSC65 (ASC65)

14 constants in program, addresses
DSC66° (ASC66) thru DSC79 (ASC79)

80 words total program storage, eddresses
DSC00 (Ascoog thru DSC79 (ASC79)

7 words temporary storage pool used, addresses
00027b thru 00035b

The constant pool is used by this routine

DSCO3 for arcsine, DSCO2 for arcosine
DSCO1 T

The alarm exit is used by this routine

Addresses 64252b thru 64371b
6.0 ms average, 6.6 ms maximum machine time

Fixed point

A, Franck (ERA) May 14, 1955

D. Gantner hugust 16, 1955

T. Tack Mugust 25, 1955

W. Beuer September 12, 1955
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Description

This subroutine computes F(x) = arcsin x or F(x) = arcos x (depending on which
of two entrances is used) by use of a polynomisl approximation.

The routine was originally coded by Dr. A. Franck of ERA and hes been adopted
for useat The Ramo-Wooldridge Corporation.

Notation

X = sine or cosine of an angle F(x).

F(x) = the computed angle in radians whose sine or cosine is x.
Ay = Rand Constents (See Rand Sheet No. 39).

Programming Instructions

This routine can be assembled into a progrem by use of a "SUB" card in the input
deck.

1. Plsce the argument scaled by 222 (Laes X°233) in A.

2. Enter the routine with an RJ instruction. If the routine was assigned to
region OOKOO for assembly use the instruction

RJ OOKO1l OCKO3 for the arcsine, or
RJ OOKO1l OCKO2 for the arcosine.

Shes At the time of exit from the routine the result F(x)'Z33 is left in A.

Alerm Conditions

If the |x| is greater than one an alerm exit will occur. The word "alarm" and
the address of the cell in the main program containing the RJ instruetion which
wes used to enter SNI-1 will be printed on the flexowriter.

Pushing the stsrt button after the 'slerm halt will transfer control to the exit
of SNI-1, '
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Floating Point Arcsine-Arcosine Routine

Identificetion Tag:
Type:
Assembly Routine Spec:

Storage:

Program Entrances:
Progrem Exit:

Alarm Exit:

Drum Assignment:
Machine Time:

Mode of Operation:

Coded by:
Code Checked by:
Machine Checked by:

Approved by:

Specificstions

SNI-2
Subroutine
SUB 50349 06112

49 instructions, addresses _
0ASO0 (1AS00) thru OAS48 (1AS48)

12 constants in program, addresses
20500 (3AS00) thru 2AS11 (3AS11)

61 words total program storage, addresses
0AS00 (1ASOO§ thru 0AS48 (1AS48)
24500 (3AS00) thru 24511 (34S11)

3 words temporary storage pool used, addresses
00027b thru 00031b

The constant pool is used by this routine

0ASO2 for arcsine, 0ASO3 for arcosine
0ASO1

The alarm exit is used by this routine

Address 64155b thru 64251b
7.17 ms average, 8.74 ms maximum

Floating point

M. Perry August 25, 1955

R. Bigelow August 28, 1955

M. Perry September 7, 1955
W. Beuer September 12, 1955
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Description
When supplied with an argument X in SNAP form, this routine will compute the
arcsine or the arcosine of X (depending on which of two entrances was used)

using a Rand Polynomial Approximation producing the answer in SNAP form.

Programming Instructions

This routine can be inserted into & program by CMP-0 by the use of a "SUB"
card in the input deck.

1. Place the argument X in the accumulator. X must be in SNAP form.

2. Return Jump to the subroutine. Assuming that the subroutine was assigned
to region OOKOO for assembly, use the instruction RJ O0KO1l OOKO2 for arcsine,
or RJ 00KOl OOKO3 for arcosine.

3. At the time of exit from the subroutine, the double length extension of
arcsine X, or arcosine X, in SNAP form will be in the accumulator.

Error Analysis

=26

The error in the result produced by this subroutine is less than 2 ~ .

Mathematical Analysis

1. The Rand Polynomial Number 39 is evaluated using the absolute value of X
as the argument. Designate the result as P(X).

2 The square root of 1 minus the absolute value of X is found using the square
root subroutine within SNAP, Designate this results as R(X).

3. If X is positive, let Y = P(X)R(X)

If X is negative, let Y = m=P(X)R(X)
Le Arcsine = X = (n/2)-Y
Arcosine X = Y

5. This procedure places arcsine X in the first or fourth quadrant, and
arcosine X in the first or second quadrant.

Range of Variable

An alarm will occur if the argument is outside the range -1 X 1. Any argument
within this range will give results with the above stated accuracy.

Alarm Conditions

An alarm print will occur if the argument is outside the permissible.range. The
flexowriter will print "alarm" and the address of the cell in the main program
containing the RJ instruction which was used to enter SNI=-2.
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The SNAP floating point routine must be in electrostatic storage before this
subroutine can be used, since the square root subroutine is used within this
routine.
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THE RAMO-~-WOOLDRIDGE CORPORATION
. Los Angeles 45, California

STORAGE TO MAGNETIC TAPE TRANSFER ROUTINE

Specifications

o Identification Tag: STT-0
Type: Service routine (with a program entry availsble)

!
h o Storage: 97 instructions, addresses 40006b, 74530b thru
' 746670

11 constants in program, addresses 74670b thru
74702b

108 words total program storage, addresses 40006b,
74530b thru 74702b

|
' o The constant and temporary storage pools are not
used by this routine

0 Service Entrance: Address 40006b
Program Entrance: Address 74532b
0 Program Exit: Address 74544b
Alerm Exit: The alarm exit is not used by this routine
Drum Assignment: Addresses 74530b thru 74702b
0 Machine Time: 5.6 seconds for transfer of (ES)
0 Mode of Operation: Fixed point
Coded by: R. Beach May 11, 1955
o Code Checked by: C. Koos August 14, 1955
Mechine Checked by: C. Koos August 20, 1955

|
|
Ii ‘ Approved by: W. Bauer August 30, 1955
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Description

This routine transfers informetion from the internal computer memory to magnetic
tape where it will be stored until read back in egain by TST-0.

A parameter word is used to specify

1. The location of data to be stored

2 The MT unit to be used for storage

3. Whether or not MT is to be rewound to its originsl position after storage

L The address to which control is to be transferred when the data is read
back by T5T-0.

When using STT-0 as a subroutine the parameter word follows the RJ instruction
used to enter the routine. When using STT-C as a service routine the psrameter
word is manually entered in Q when the computer halts (after being started at
the service entrance).

At the time of entry the routine stores (ES) on the drum, bootstraps itself
into ES, stores (4) end (Q) and obteins the parameter word. At is conclusion
the routine restores (ES), (4) and (Q) and transfers control to the exit
instruction.

The routine stores one block of information in addition to the number of blocks
necessary for storing the deta, as follows:

1. The first half of the first block contains (Q), (4), the parameter word
and twelve zero words.

2e The second half of the first block thru the first half of the last block
inclusive contain the informetion to be stored.

2l The last half of the last block contains the sum of the data (that is, the
double precision sum of the split ‘extension of each word), the number of
blocks transferred to tape, the starting and stopping eddresses for the
transfer, and eleven zero words.

Parameter Word

This parameter word is of the form BC DERFF GGGGG, where B, C, D, E, F, and G
are all octel digits.

B. The octal digit B determines whether (ES) is to be stored on MI'. If B =0
(ES) will be stored, if B # 0 (ES) will not be stored.

C. The octal digit C determines whether MT is to be rewound to its original
positicn after the dete has been trensferred. If C = O the rewind will be
executed, if C # 0 it will not be.

D. The octel digit D determines the MI unit on which the data is to be stored.
MI' units are specified by the same digits used in the standerd 1103 MNT
commands e
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E. The two octal digit number EE specifies the address of the first word
to be transferred from internal storage to tapg. This number is the
integer part of the first address devided by 8°. That is, (EE)(512)
is the address of the first cell to be transferred.

F. The two octal digit number FF specifies the address of the last word to
be transferred. As in E above this number must also be a multiple of
512. (FF)(512) is the address of the lest word to be transferred.

G. The V-address portion of the parameter word (GGGGG) specifies the address
to which FAK is to be set when the transferred information is read beack to
internal memory by TST-0.

As an example consider the parameter word 01 24246 00017B. This specifies a
transfer of (ES2) and the contents of cells 42000b thru 45777b with no rewinding
after the transfer. PAK will be set to 00017b by TST-O when the routine is
read back to internal memory.

Operating Instructions (to be followed when the routine is used as a service
routine)

l. Set PAK to 40006b and stert.

Zle Computation helts with the MS instruction 56 00000 00010.

3% Enter the parameter word in @ snd start.

Le Computetion halts when the trensfer is completed, setting PAK to the
address specified in the parameter word.

Programming Instructions (to be followed when the routine is to be used as a
subroutine)

AL, Enter the routine with the RJ instruction 37 74544 74532. If the RJ
instruction is stored at address n the perameter word should be in
address n + 1 and =2t its conclusion the routine will transfer control
to the instruction in address n + 2.

Restore

To restore (ES), (L), and (G) at any time before normal completion set PAK to
40040b and start.

The magnetic tape will be rewound st this time if the peremeter word specifies
a rewind.
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THE RAMO-WOOLDRIDGE CORPORATION
Ios Angeles 45, California

Magnetic Tape to Storage Transfer Routine

Specifications

Identification Tag: TST-0

Type: Service routine (with a program entry available)

Storage: 95 instructions, addresses 40007b, 74340b thru
744750

8 constants in progrem, addresses 74476b thru
74505b

103 words total program storage, addresses 40007b,
74340b thru 74505b

The constant and temporary storage pools are not
used by this routine

Service Entrance: Address 40007

Program Entrance: Address 74342

Progrem Exit: Address 74354

Alarm Exit: The slarm exit is used by this routine
Drum Assignment: Addresses 74340b thru 74505b

Machine Time: 5.6 seconds for transfer of (ES)

Mode of Operation: Fixed point

Coded by: R. Beach May 11, 1955
Code Checked by: C. Koos Mugust 13, 1955
Machine Checked by: C. Koos August 21, 1955

Approved by: We Bauer August 30, 1955
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Description

This rcoutine has been designed to read back into the internal computer memory the
informetion transferred to MT by STT-0. A psrameter word is used to tell the
routine which MT contains the information to be transferred and the address to
which PAK is to be set after the routine has finished operasting.

When used as a subroutine, the parameter word follows the RJ instruction trans-
ferring control to TST-0. When used as & service routine the parameter word is
entered in the Q register before activating the routine.

The routine stores (ES) on the drum, bootstraps itself into ES and reads in one
block from magnetic tape. It examines the parameter word used by STT-0 and loads
the specified portions of memory while computing the sum as the data is transferred.
The sum is checked against the sum placed on MI by STT-O.

If the sum is correct, the parameter word is consulted to determine the address to
which PAK is to be set and the proper address is placed in the exit instruction.
The parameter word from STT-0 is checked to determine vhether or not the MT is to
be rewound after the transfer and & rewind commend given if rewind was specified
when STT-0 wes used to store the data. (A) and (Q) are then set from values
stored on MT, (ES) is restored, and control is trensferredto the exit instruction.

Parameter Word

The form of the parameter word is OX YOO000 2ZZZZ, where X, Y, and Z are octal digits.

X. The octal digit X determines the cell to which control will be transferred to
at the conclusion of the routine.

If X = 0 control will be transferred to the address specified in the parameter
word used for STT-0 when the data was transferred to magnetic tape. If X # O
control will be transferred to ZZZZZ.

Y. The octal digit Y determines which MT unit will be selected. INT units are
specified by the same digits used in the standerd 1103 NMT commands.

Z. The V-address of the parameter word (7ZZZZ) specifies the address to which
control will be transferred at the conclusion of the routine (see X above).

Operating Instructions (to be followed when TST-0 is used as a service routine)

1. Manually enter the parameter word in Q.

2. Set PAK to 40007b and start.

3. Computation will halt after a successful transfer with PAK set as specified
(see "Parameter Word" above).

Programming Instructions

kg Use the RJ instruction 37 74354 74342B to enter TST-0. The cell immedisately
following the RJ instruction must contain the parameter word.
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2. After successful transfer control will be transferred to the cell specified
by the parameter word.

Alarm Conditions

If the sum test fails ALR-1 is entered and "IST-0 75777" is printed on the flexo-
writere.

Starting efter the alarm halt causes e rewind oi' the tape and enother transfer of
the same data from II.

Restore

If, at any time during its operation, TAT-0 is interrupted (or after en zlerm
print), PAK set to 40040b and the mzchine started, the routine will

1. Hewind MI (if this had been specified)

2. Restore (ES), (A), and (Q)

2o Transfer control to the T3T-0 exit instruction
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California

Utility Routine Transfer-Magnetic Tape to Drum

Specifications

Identification Tag: URT~-1

Type: Service routine (but not available as part
of service routine library)

Storage: 45 instructions, addresses 00000b thru 00054b

1 constant in program, address. 00073b (remain-
ing constants stored with instructions)

The remainder of ES is used as temporary storage

The constant and temporary storage pools are not
used by this routine

Entrance: MT Start

Machine Time: Approximately 15 seconds for successful transfer
of the service routine library only, or approx-
imstely 35 seconds for transfer if CMP-0O and the
subroutine library are included.

Coded by: R. Beach April 1, 1955
Code Checked by: R. Beach April 2, 1955
Mechine Checked by: R. Beach April 14, 1955
Approved by: W. Bauer Migust 23, 1955




URT=1
Pg. 2 of 5
Revised 10=3=55

Description

This routine is located in the first two blocks of magnetic tape unit zero
and is specifically designed to transfer the library from magnetic tape to
magnetic drum.

It operetes in two different modes, the mode of operation having been selected
when it was activated. Mode No. 1 loads addresses 40001b thru 40040b and
70000b thru 75777b only. Mode No. 2 loads these addresses and addresses 60000b
thru 67777b. :

This routine does not save the contents of ES since it is assumed that it will
be used only when a complete reloading of the computer memory is necessary. An
MT Start reads in the first 32 words of the routine and starts operation. The
routine first reads in an additional 32 words from MT (remainder of the routine
itself) end then checks its sum, which is stored at the end of the second block.
In doing this, it @lso checks the sum of the service routine library which is
stored in the second block.

After a successful sum check the routine reads in the 96 blocks needed to fill
70000b thru 75777b. Twenty-four blocks are read in gt one time and transferred
to MD, then read back into ES and summed. When all 96 blocks have been trans-
ferred the routine reads in one more block and transfers this into 40001 thru
40041, resds it back into ES, sums, and adds the sum of the sum of the 96 blocks
previously transferred. This computed sum is then checked against the correct
sum. If the sum checks, the mode of operation is determined.

If Mode No. 1 hss been selected a rewind instruction is given and the computer
halts with the MS instruction 56 00000 40001, setting PAK to the FRI-O starting
address.

If Mode No. 2 has been selected TST-0 is activated to read in Rawoop and the
subroutine library. A rewind instruction is given and the computer then halts
with the MS instruction 56 00000 40010, setting PAK to the ClMP-O starting
address.

Operating Instructions

1L To transfer the service routine library only

1 Select MT Start

2. Chenge PCR (if necessary) to select the proper MT unit

2 Start. The routine loads 40001b thru 40041b and 70000b thru 75777b

end halts with the MS instruction 56 00000 40001, setting PAK to the
FRI-O starting address. Successful transfer takes about 15 seconds.

II. To transfer the service routine library, CMP-O, and the subroutine library

L Select MI Start

2. Change PCR (if necessary) to select the proper MT unit

3. Make (AR) grester than zero
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L Start. The routine loads 40001b thru 40040b, 70000b thru 75777b,
and 60000b thru 67777b and halts with the 1S instruction 56 00000
40010 setting PAK to the starting address of CMP-0. Successful
transfer takes about 35 seconds.

Alarm Conditions

1. If the machine halts on a final stop almost immediately after an
MT start the transfer routine is not in ES correctly.

Select MT start and start for another transfer. If the second
transfer is not successful revert to the bootstrap procedure to
load the library.

2l If the flexowriter prints en "e" and the machine halts with the
M5 instruction 56 00000 00051 the sum of the library transferred
to the drum is not correct.

Select MT start snd start for another ‘transfer.

=35 When orerating in Mode No. 2 TST-0 is activseted after address 40001b
thru 40040b and 70000b thru 75777b have been loaded successfully. If
the sum test fails while loading sddresses 60000b thru €7777b, the
alarm routine prints the tag word TST-O and the address 75777b. Start-
ing causes rewind and another MT transfer to addresses 60000b thru
677770, '

Warning

After s successful transfer the computer halts but MT is still rewinding to its
original position. If a Mester Clear is executed and the machine started a
reference to the rewinding MT (before rewinding is complete) will cause trouble.
If no Master Clear has been executed the machine will wait for the rewinding to
be completed.
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LDRIDGE CORPORATION
es 45, California

Utility Routine Transfer Drum to Magnetic Tape

Identification Tag:

Type:

Storage:

Machine Time:

Mode of Operation:

Coded by:
Machine Checked by:

Approved by

Specifications

URT-3

Service routine -

108

A1l
not

116

The
not

100

Fix

R.
R.

W.

instructions, addresses 40000b and
00050b thru 00222b

constants in program, addresses
00223b thru 00232b

of ES is used for temporary storage but
included with the program

words total program storage, addresses
40000b and 00050b thru 00232b

temporary and constant storage pools are
used by this routine

seconds approximately
ed point
Beach August 1, 1955
Beach August 15, 1955
Bauer August 23, 1955
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Descrigtion

Upon being entered the routine first sets up all references to magnetic tape
to correspond to the unit selected when URT-3 is activated.

The contents of cells 40001b thru 40040b and 70000b thru 75777b are then summed
and the sum placed in 01774b and 01775b. The contents of cells 01700b thru
01775b are then summed and the sum placed in 01776b and 01777b. The information
in cells 01700b, 70000b thru 75777b, and 40001b thru 4A0040b are then transferred
to MT in that order.

The contents of cells 60002b thru €7777b are summed and the sum placed in 60000b
and 60001b.

STT-0 is entered to dump the informstion in cells: 60000b thru 67777b (the sub-
routine library consisting of Rawoop and the subroutines).

URT-3 computes the sum of all informstion placed on MT, rewinds MT to its original
position and reads back the data from MT, summing as it reads.

If the sum is correct, a BM instruction is given to return MT to its original
position and computation halts with PAK set to 40001b, the FRI-O starting address.

Operating Instructions

ke Select MD Start.

2e Set _the number of the MT to be loaded in the low order octal digit of Q.

3 L Start .

URT-3 transfers the complete library to MT and halts with the MS instruction
56 00000 40001 after a successful transfer. :

Alarm Conditions

If the sum of data read back from MT is not correct the alarm routine is entered;
the tag word URT-3 and the address 00067 are printed on the flexowriter. The sum
of the data on MT appears in A. :

Restarting et this time initiates another transfer of dsta.
Warning

1. It is advisable to position MT at the first block before loading so that the
MT can be repositioned, manually if necessary.

2« After a successful transfer the mechine halts but MI is still rewinding to
its original position. If & mester clear is executed and the machine started
a reference to the rewinding NT (before the rewinding is complete) will cause
trouble. If no mester clesr has been executed the machine will wait for the
reversing to be completed.
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(Revised)

RAMO=-WOOLDRIDGE ONE~PASS ASSEMBLY PRCGRAM

FOR THE ERA-1103

By
Jules Mersel and Thomas Tack

The Ramo-Wooldridge one-pass assembly program (Rawoop) is designed to
translate an 1103 program originally coded in symbolic, regional, decimsl form
to its final octsl form,

The program will accept instructions with symbolic addresses and
numerical data in binary or decimal form. It will cause subroutines to be
appropriately assembled in the program. The result of assembling a program
will be output in a form to facilitate progrem check=out and rapid program
read-in of the translated data.

Input-Output

Punched cards are used as input for Rawoop. The punched card has one
1103 word plus remarks on it or the card contains an instruction tc the assembly
progrem and remarks,

Rawoop's output is both punched cards and punched paper tape,

The output card contains an exact duplicate of the corresponding input
card in addition to the octal translation of the input curd's informstion. The
programmer can obtain a side by side lisiing of -his untranslated progrem, remarks,
and translated program by running the output deck of cards on associated equip-
ment such as the IEM 402,

The punched paper tape is a sevenih=level bicctal tape complete with
insert and check addresses, and is sufficient for putting the translated program
into the 1103 either by using the ERA photc-electric reader or by using & Ferranti
tape reader with an eppropriate read-in program,

Input znd Cutput Cards

The input and and output cards are standard 80-column, 12-row cards,
Columns 1-5 are used for the symholic address of the untranslated word,
Colurms 7-1C are used for the 11C3 instruction or psuedo instruction,
Columns 12-16 are for the u address.

Columns 18=-22 sre for the v address.

Columns 24-26 are for decimal scaling information,

Columns 28<30 are for binary scaling informaticn.

Columns 32-43 are for alpha-numeric rewmarks.,
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In addition to the above columns, the output cards contain the translated
information in columns 47-67,

On the input cards, zeros need not be punched,

Speed of Assembly

Due to the 1103's ability to read and punch sards simultsnecusly while it
is punching paper tape, Rawoop takes only a few seconds more than the total card
reading time to execute its entire translation. Errors do not necessitate complete
re=assembly, Consequently, Rawoop is exceedingly economical in its use of machine
time,

Symbolic Addresses

A five character form, in keeping with 1103 machine form, is used by Rawoop
for symbolic addresses., The first three characters designate the region of the
address while the last two characters are the sequence number of the address within
its region,

For example, 18J00 is the zeroth address in region 18J and 00C19 is the
nineteenth address in region 01C (01C00 is the first address in regicn 01C), In
keeping with the one-pass nature of Rawoop, the sequence numbers are consecutive
decimal numbers, The absolute address assigned to 01C19 isnineteen grsater than the
address assigned to 01C00, Thus, the address structure has a regional character,

As indicated above, the first two characters of the relative address or
region are numeric and the third character is alphabetic.,

The absolute address for region 000 (all zeros) hes already been chosen in
Rawoop to be zero. Consequently, 00028 would heve as its octal translation, 00039
and absolute machine addresses up to 99 will be correctly translated., The assembly
program recognizes the alphabetic letter "O" as different from the numerical "0"g
to avoid confusion, the programmer will probably not want to use symbolic addresses
involving the letter O,

A, B, and Q Addresses

The accumulator, the B register (accumulator bits A70'==A35)9 and the Q
register must be addressed by putting an A; B, or Q in the leftmost column of

either the u or v fields, The remaining four columns may hsve no punches or zero
punches,
The octal translations of A, B, and Q are 20000, 30000, and 10000 respectively,

Addregses Involving j, k, and n

The command structure of the 1103 is such that the u and v addresses at
times contain numbers rather than machine addresses as is the case in the SPuk,
RPjn, w and MJjv commands,

The representation of j,n has j as the first character and n as the last
four characters., The quantities j and n are written as decimal numbers, Thus a j,n
of 30199 is translated as 30307 (octal)., No distinction is made by Rawoop between
jsn addresses and j addresses, If the programmer desires to use the last four
characters of a j address to store a number (not a relative address), he may do so
knowing that these four digits will be treated as the n in j,n addresses.




In the 1103 address structure, k addresses indicate left circular shifts
of from O to 127 places at most, However, since the 1103 internal hardw
occasionally maekes it desirable to hsve the first octsl bit of a k addre
nurber other than zero, k zddresses will b: treated in the scme meannsr ag j
addresszsy for exumple, 20017 becomes 20021 (octal),

Void Addresses

Certain of the 1103 commands such as FS= =, BJjy,n == have ignored add
associzted with thew, All such sddresses are treated by Rawoop as if ¢
relative addresses and are available for the storage of pre-setiing addrs
zeros, of course, are translated into all zeros.

Directory Cards

In a one-pass assembly program, it is necessary thzat at the beginning of
the program sufficient information is supplied tc enable all symbolic add g
to be assigned absolute sddresses,

Rawoop does this by means of directory cerds. A directory card has & D
punched in column 1, the bzse word of the region (e.g. 01C00) in the u address
columns, and the absolute decimzl address of the base word in the v address columns,
For exsmples, see figure 1,

For purposes of assigning decimasl addresses to the drum, the convention
was adopted that octal address 40,000 on the drum hzs the decimal address 40,000,
Thus, the drum addresses range from 40,000 — 56,383,

Rawoop can handle upto 60 directory cards in any one asserbly,

Symbolic Addresses of Program Data

With the exception of the D cards and the START card, all the input cards
have a relative address punched in columns 1-5, This address is the address of th

. word to the right and couplstely determines the memory location into which this word

will be rezd by the output bioctal tape.
Commands

The 1103 alphabetic representation of the commands is used, These two
letter combinztions, such &s RA, are entered into columns 9 and 10, All the stand-
ard 1103 commands are recognized by Rawoop and this recognition implies knowing
whether the addresses associ:ted with the commend sre of the u, v, the jn, v, or
of the u,k types.

In addition to the standard 1103 commends, the special commands IF, FM,
and MM are recognized., The PM, MM commznds and the availability of the B register
for addressing are modifications on the Ramo-Wooldridge 1103, FPM is a "polynomial
nultiply" command for polynomial evaluztion whoge octal equivalent is 243 MM is the
"nodified multiply-add" (faster in operation then MA) whose octal equivalent is 25,
Jone of these modificeations cre used in the operation of Rawoopg the program will

operate on any 1103 with reproducer and high-speed punch,

IP commends are trested as if the command structure were Ikuv, However,
for users of interpretive programs such as the Convair Flip, a psuedo command is
available, The commsnd Frabuv, where a and b are octal digits and u and v ars
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ralative addresses assigned to the elsct aL tic storage, is translated into 14
aou'v'y u' and v' are 12 bit nuubers ocecupying the Ak,zi and 24 bits of il
translsted word with ab to the left of tq m, As is shown in figure i,
into columns 7 and &; the ab goes into coluuns ¢ and 10 on the input

It is sometimes degirable th:t a relative address be pllkiﬂ in a word thsat
h:s zeros for its ccmmznd code., To enable this, the commsnd 00 {zercs) is
nized =znd trenslated into 00, The u and v addresses must bs symbolic addresgse
As usucl, howsver, an address of five zeros is translated into {'ive zeros,

Decims]l Nunbers

Deeimel nunbers zre presented to Rawoop as normalized numbers
of ten. The programmer zlso stutes the bin:ry scaling fzctor to bs app
resuiting rounded binery number, For example, -739.1 is presented &s

All decimel numbers are normalized so that théir absolute vaiue lies between
1 end 9,99999 939999,

The sizn of the number is in coluan 9, the integral psrt in column 10, and
the fractionsl part in columns 12-16 znd 18-22, The power of 10 allowed is from
to +10. This exponent goes into coluwns 24-26, The desired ninmry scale factor
into columns 28-30, For sxamples, in 1ine 13, Figure 1, the number to be translat
is 3,123 x 10-8 uith a scsle fuctor of 2

In all cases a minus sign represents a negative number and a zero or no punct
a positive number,

Flozting decimel numbers sre presented to Rawoop in the same menner :
numbers, However, instead of a binsry scale factor being placed in columns
F is puached in colunn 2E&, The converted flosting decimal number is in the fo
in the Convair Flip. That is, the leftmost 28 bits is & mantisss with the binary
point just to the right of the sign bit anc the rightmost eight bits is a signed
sxponent,

Octal Constsnts

Octal constznts can be inserted into the program using fawoop.
constant is entered into columns 9-10, 12-16, =nd 18=22, A "2" i3 pwr
colum 24 to siznify that the number is in actal (blnary, form, £r15 ‘
th:t programs coded in ususal wmschine language will be correct¢v‘assembled

Start Card
The sigznal to Rswoop that all the cards have been received is a2 card with
START punchsd in columns 1-5, and @ rglative zddress punched in columns 12=16,

This signsl causes R=woop to insert into the translated program in locations
00000 and 40000 a manuszl junp to the octal translstion of the relative rid
Hence, after the resulting punched paper tape is read into the 1102, a 1
start will start the problem at the relutive address indicated in the

Rawoop is designed to translate subroutines coded in octal relative
and stored on ths arum, and include theum into the main progrsin, This is e
one psuedo command, the "SUB" command,




Columns 1-5 of the SUB command contain the relative address assigned to
the zeroth word of the subroutine by one of the D cards. Columns 7, 8, and 9
have the letters SUB., Colwans 18, 19, snd 20 have the nunber of words in the
subroutine, Columns 21 and 22 have the number of constants at the end of ths
subroutine which sre not to be translatec Columns 12=16 have the location of
where the geroth word of the subroutine 1s stored on the drum (this ud:rea@ is
the decimel drum sddress). In opersztion, the informstion in these columns is
simply copied from a subroutine specification list,

A listing of the translated subroutine is usually nrnWiiGl by the output
cards., The punching of cards for this however, can be suppressed by depressin
the j=3 jump button,

Memqrx Sums

Rawoop calculates the memory sum of zll translated words including the

00000 snd 40000 jump instructions. This sum is the double precision sum of the
split extansion of the translsted words. The sum is both printed on the listing

F t" 7‘7 &

and is read by the output psper tape into octal addresses 67,776 and 67, (o}
the drum, The high order value of the sum is in 67,776,

Ordering of Input Cards

Rawoop makes the following regquirsments on the ordering of the input
cardss =

1. All directory csards must come first. The directory cards, howsvar,
can have any order within themselves,

2o lhe START card must come last.
3, lhe SUB ecards, if any, must immediately pracede the ST/RT ca
However, the 3UB cards can hsave any order within themselves,

The cards actually giving the words of the progran follow the directory
cards. For the sske of minimizing the nuiber of insert and check addresses on
the output bioctal tape; the cards should be in order within their regions,
Howsver, a correct output tape will result no mastter what order these incoming
cards are in. If the cords were out of orider, a comvenisznt listing still can be
obtained by re-ordering the output cards,

u‘

Operating Instructions

The following points sre important in the operstion of Rawoops
1. The reproducer must be set for fields I snd IIL only,

2o The input cards are to be placed face down with 2t least six blank
cards following the ST4RT card.

3. Two cards sre to be fed into the punch channel,

4, DBoth the typewriter and the high-speed punch must be turned on.

5. After reading the asseanbly progrem into the machine, an MD start
is sufficient to start or re-start Rawoop. Rawoop checks its own

memory sum at the beginning of the problem snd gives a signal if
the check discloses 2n srror,




6, All ecards sre clesared out of the read and write channels at the end
of the program,

If it is desired to suppress the output subroutine cards, jwip 3 should
be depressed,

Zrror Detection

Rawoop will stop and signal the reason in case of either of the following
two occurrencess More than sixty D cards are sntered or zny card other than either
s SUB card or the START card follows a 3UB card,

All other errors, including a D card occurring in the main deck will not

stop the machine, For each card with an error on it, "SRROA™ will be printed on

the typewriter, The contents of the erroneocus card will be agnurd& and will
ufl

affect the memory sum, The corresponding output cards will have "error” punche
on them in the place ordinarily used for the trsnslizted informztion,

The detected errors can be corrected by a second assenbly of only the now
corrected input cards, their associzted D czrds, and the SIART eard, This will
give a secondary input type with its own memory sum.,

An Examgle

The following pages contain the listing of en alarm routine coded 2t
Ramo-Wooldridge using the Rawoop notation and subsequently translated by Hawoop.

Note that there are two output “start” cards though there was only one
input "start" card. The first of these is to put an MJ into 000003 the second
allows a MD start at 40000,

Symbolic word NO4 is an example of the use of the zero, zero, zerc region
to get a decimal integer less then 100 without using the usual decimal number
format.




200
Z01

202
Z03
204
Z05

206

Loo
Lo1
Lo2
Lo3
LOo4
Lo5
L06
o7

LO8

TP

iy
P

P

PR

PR

00LO0O 49300
00NOO 49333
00Z00 49345
37

52

74

70

€4

62

66

72

60

33

45

4

57

47

51

42

56

00000 00000

A N 6
A 36
A N5
Q N7
CO00L0 N &

L 00000

00000 410

00000  Z12

3 DIRECTORY

CARDS FOR

FLEX 1
FLEX 2
FLEX 3

FLEX 4

FLEX 5

FLEX 6

FLEX 7

FLEX 8

FLEX 9

FLEX CAR RIN
FLEX SPACE
FLEX SHFT DN
FLEX SHFT UFP
FLEX TAB
FLEX PERIOD
FLEX MINUS
EXIT

STORE AR

STORE AL
STORE Q
STORE 1,

SET MJ IN M1
PR CAR RETRN

PR SHIFT DH

62124

621€5

62201
62202
62203

62204

62213

A=)

62214

>

62215
62216
62217
62220
62221

2124

62125

62131

62132

00

00

00

00

o0

00

00

00

co

00

00

o

co

00

00

00

00

00

11

11

11

i1

61

61

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

00000

eJe]elele)

00000

00000

00000

00000

00000

y 00000

20000

20000

20000

10000

00000

62124

00000

00000

Pg, 1

00000
00000
00000
00037
00052
00074
00070
00064
00062
00066
00072

00060

S

2 7

e

000

()

00045
00004
00057
00047
00051
0004
00056
00000

6217

€s3



LO9
Lio

L

3
L4
L5
L16
7
e
119
L20
L21
122
L23

124

L26
L27
128
129
L30
L3t
L32
NOO
NO1
NO2
NO3

NO4

TU
I
e

e

i
19
PR
iJ
RP
FR
TP
RA

SP

TP
00
1J
iJ
SP
SA
TP
>’
PR
MJ
PR

Y 120
N 3. N9
N2 NQ
N11 @
9 6
00000 Q
N9 IA3
5 11g
00000 211
N4 N9
L20 N1
00000 36
A 3
N 00000
A L24
00000 00000
N9 L21
N10 L1é
NS5 36
N 6 00000
NT7Q
N 8 00000
00000 210
00000 L
00000 00Z00
1

"

RESET ADDRES

SuT INLEX 1
SaT INbEX 2

TAG 10 §

PR TAG CHAR

INDHX 1

FR 5 SPACES
SET INDEX 1

ALV U OF N1

PLUS DUMMY
70 N1

FR DIGIT
INDEX 1
INDEX 2
RESTORE AL
RESTORE AR
RESTORE Q

RESTORE F1

PR CAR RETRN

STOP

DUMMY
ADV U
DEC 2
LDEC 5
DEC 11

62164
62165
62166
62167
62170

62171

15
11
11

i1

00
41
41

31

11
11
61
45
61
00
00
00

00

62146
L1170
62167
62200
10000
G00C0o
62176
00005
00000
62171

62150
00000
20000
62165
20000
000C0
62176
62177
62172
62173
62174
62175
00000
00000
00000
00001

00000
00000

00000

62150
62176
62177
10000
00006

10000

00044
00003
00000
62154
00000
62151
62144
00044
00000
10000
00000
62213
62124
62201
00000
00002
00005

00013




NOS
NO6
NOT7
NOB
NO9
N19O
N1t
START

START

00

00

Q0

00

Q0

Q0

00000
00000
00000
00000
00000
00000
00000
00LO1

00LO1

00000 B
00000 B
00000 B
00000 B
00000 B
000 0 B

00000 B

AL

Fi
INDEX 1
INDEX 2

TAG

6172
62173
62174
62175

62176

62177

62200
00000

40000

00

00

00

00

45

45

00000
00000
00000
00000
00000
00600
00000
00000

00000

Pg. 3

00000
00000
00000
00000

00000
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A Fleating Poimt Subroutine System Using A Packed Represemtation for the

RRA 1103 Computer
*  (r1ip) Revised 10/15/5,

The system described here is intended to be indefinitely expanded to include

card operations, transceadental functions ete. The interpreted instructions are

J0 ocraldigits long (preceded by octal 1, the IP cormand). The basic system
: !

. ecoupies ES cells 01477 to 01777 and 00001: If any subroutine operations ,rs used,

more gpace is needed. The whole iytten is lecated on the drum in lecations

76000 to TTT77e The basic operations in FLIP use temporsries 00002 to 00014,

Subroutine’ operations use cells 00002 to 00037.

I

I

Composition of Instructions

Instruction Code 6 bits | (129 oor 12_‘)

Pirst Address, x : 12 bits (123 ese 112)

Besond Address, y 12 bits (41 =5+ 453
Addresses - : : : : : =

The last 10 bits of each address form the "behic” address. The
first two bits, if ones, cause either or both of the m special
counters b) and by tobe added to this basic address to form the
®executien” addrres. 'rlu first bit causes by to be ﬁ&dod. ﬂu
ue&ad bit causes b2 to be added. Tho mu—mtau i.l executed
using this onoution add.rou which must not exceed 01777 All
execution addresses nter to E8, ‘

Special Rogllten
In addition to R and Q, two other 56 bt r-gilton, bl and b.

are npoeiany roforrod to in orders., In order to refer to R, Ry

- bj and by, in these ardon, use nddrouu 177!;, 1775, 1776 and 1771’

n;poctinly. ~ The eonunu of 177!4 u& 1775 smr any !LIP

Opoutieu are rolpntinly oqul to (R) ud (Q) prondhg ﬁli
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IV

operstion. If a result is pl;c.d in both y and R, (&) is not s
double extension of (R); otherwise it is.
Contents of Registers

E'xcopt for bl and b2. the contents of every register is inter-

preted as a number of the form q x 2P, q oecupies the first 28

"~ bits, p the last B, Negative p's and g's are expressed by c-mple~

ments, the first digit of both p and q being a sign bit. The binary

point of q follows the sign bit. Except for the special case

pe qg= 0, q is restricted to the values 1 > q 2 4 and p is ro-ﬁ

stricted to the range {p}( 27. For p 2’ 27 an alarm print occurs,

For p 4-27 both p and q are set equal to seroc.

Loading ;
A loader routine is included in the FLIP system to transfer FLIF

and such of its subroutines as are used, into ES. It uses ES cells

00000 te 00006, 000LO to 00121 and OLT? to O777.  FLIP operatiens

are of two - -types, basic code opentionl and lubroutim oporationl.

The coder must specify which cf the latter he is usingz and the

‘memory locntionl of the subroutines, . These ars specified by pnr--

meter words in consecutive oo'lll.l starting in cell 00122, The first

two octal digits of each such word form the operation code. The

~ last five octal cigits form the address of the first cell to be

occupied by tHe subroutine. A sero cell term:nates the parameters. -

The loader is entered at cihll 76575 '(or 'hb,OOO) and halts on

,' completion. Iﬁ then exits to cell 00010, The censtant pool amd

cells 00000, and 00001 are taken care of by the loader. The use
of any co-nd codes not ap«iﬁod to e leader (oxeept buic
oo-sad:) or the use or md udu -un uuutmd rnl

caun Rz ulu- uu.

o wia-a
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VI Alarm Prints

)
. st it —
v

If en out-of~-range or non-existent result occurs, FLIP
prints out ALARM wmasaa x;cxmxxxxxx YYYYYYYYYYYY., Where
asasa is the main routine address,

xxxxxxxooxxx 18 (x) in octal |

YYYYYvyYyyyy is (y) in octal.

'halt after the typeouf; hit the start

button to conll  the main routine.

VII  Operations

For most arithmetic operations the operation bits are

divided into L groups; a = iy, b= Loss 40 0= 1 and
d=1

o8¢ 127. These function as follows:

An arithmetic cperation

A logical operation .

Use (y), (x) as operands and store the result in
2 (R) and (y).

Use (R), (x) as operands and store the result in
‘ (R) and (y). ‘ 15)

Tse (y), (x) as opormdu and store the result in
. (R) only.
Use (y), x) as opercndl, add the r‘uul_'t'tc (R)

o end ster the result in (R) emly.
Use (i) ﬁthout chanre in the éperqtion. - :
6:0 ..(x') iz; the cperc‘tion‘instoad of (x).
Por!‘orn thc add cpornticn»

~P-rfom a spocigl polynoahl ordar. (uo lilt fallning)q

"~Portonn the multiply cperation

| ! Pcr_torp the dh,t;lo operatiea_.‘ '

OB A A
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Code Symbolic Operatiom - Bamn
00 Y+ x >y, R Replace Add
o1 R+x > y, R Add and tramsmit
02 Y+ X -—> R ‘Add
03 R+y+x—- R . Accumulate Add
o y-x —» y, R Replace subtract
05 Rex —» Y, R Subtract and treaasmit
06 y -x —»p R Subtrast
07 R+iy=x—> R Acounulate add and subtrast
10 Yy+R*x — y, R Egplace add a predust
11 (L+x) eR—> y, R Inorement 'ud Multiply
2 ; y+Rex R
i ] ' Positive Polymomial
U : y-R+*x—aL R Replace add a megative produet
15 (1-x)*R » y, R Decrement and Negagive Multiply
16 Y R'x R i S et Pelpeantid |
i } : .
?0 YO x .y, R Replace gultiply |
21 “Rex 3y, R A »' B2tiply asil Truiskeit
) y°*'x-—»R- = Mtiply |
23 Bey* x YR : Acoumulate 'ﬁltiply
e -7 ‘x ~» ¥y, R | ' i iopt_tn replace Multiply
25  Rex-> y B : | Fegative -uxtipxyéhd"uumt
26 T'zx> R 5 s Begative Multiply
27 R yox -»t "poq:,'ﬁtq;up‘tgn Wltiply |
30 YEESP, X . Repliss Divide B

e SaN A b ak 151 T P b £ 5 PR X g 7




ANALYSIS

-

CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 5

PREPARED 8y C. W. Swift SAN DIEGO THVIMON . REPORT nO LM=,30

CHECKED BY MOOEL All :

REVISED BY oAaTeE  8A1/4,
(FLIP) (revisad 12/9/5)

23 R+ x vy, R | - Divide and transmit

22 y- x >R ; ; : Divide

23 R+y+x)»R Accumulate Divide

3 “y=x —» y,R i ( Fegative replace Divide

35 R+x —> y,R b Negative Divide and transmit

z6 ~y4 x - R Negative Divide

17 R =(y~x)#®R 34 ' Aoéumul:te neéttivo divide

Lo Counter b, jump 5 { dotmter b,) < (x), add one to

L - Counter 52 Jump |- 3 ' counter bn and jump to v. If not,set
' counter bn to zero and continue present
- : sequence. (R) i; unchanged.,
Note: The contents of the counters are gg_t_-.flocting nurbers.,

l;l Absolute Value Threshold Jump If ‘ (%)) 7\(R)\ , Jump to y, otherwise
continue present ssquence, (R) is
unchanged by operation. If x = «R ;

A & jump may oecur.
‘LS !.!cve'ru Absolute Value Threshold Jump j
; ir ‘(x)\& ‘(Ri jump to y, otherwige
continue nro_lont‘ soquenoe.. (R) is
unchanged bty operation, If x= <R a
Jump may not ocvc-:ur. _
:h2 Pixed to Floating . :' : call t\hé_ lnst»‘Qbitl of (5/) ﬁlnd let i
| : g0 tx) @; q,vwh_er‘o'\q\(kl. "}‘Péx'ﬂ- the
o co‘rnétl"y nérmﬁli-loq »anci' ~p¢"_okod‘ roﬁrc-
~ shntation of g x 2P in R, i
Notes '-_v,’(Y)f!ily,ggﬂg bo".-nro.{.. 3 | | - : 1 ‘
51 Ploating to Fixed . Take q? and p' V:t-'ron‘ the flosting nusber

e W

s mim
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51 (oonmt) Pleating to Pixed in R, Take p from the last B bits of
. i A{ - “

(x). Store g @ in v and R where
q=q' x 2P'P

B. Subroutine Operations
(see separate pages for details)

Lo . (basic code)
Ll (b:-;d code) ;
L2 (vasic code)
L3 Cenvert Flexewriter input hu. .
L (basic code)
L5 (basic code)
50 8quare Root =
51 (basio code) :
52 : Print om Flexowriter
53 Punch Flexowriter Tape
% logy ¥ |
% Pk Cards
57  Read Cards
60 Sine
6 Cosine
; e Tan-l x :
43 c.ﬁn‘l_x- . :
Bo s ok ‘ o
1. eea
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Subroutine Speeiﬂdtiom
FLIP subroutines are coded to start in cell 01000 and are modified by the
sssembly ro{xtine under oontrol'of the FLIP leader routine. Each sudbroutine is
assigned a couﬁund code number. 7

I Command Code Parameter

'Ir the subroutine is assigned command nusber OP (oetal), & parameter is
placed in drum loeation; 2 ' OP. It has the formi-

»Do‘a n

. xx XXXXX. XXX 0x
where D.A. » Drum address of the cuﬁroutino
Gimp+m) "= mumber of cells occuppled
n L 3 nun)or of cells mndiﬁod

II Input Infomtin‘

At the entry to the subroutine, the temporaries contain this informstiem;

Seaond Ootal Digit of Command Code

w5 T T T e T R TR TS
00006 (y) (R) And ] y) '}y ofom) 4 L) (¥)
00007 0 ilie .°, ‘_(R)_';‘ 'o;“".o'A 0 (R)
p (0173L) 'y g ; 20000 | 20000 | y y 20000 | 20000 45
000al, Command eode in 1°% twe octal dipits,
00010 36 bit cxtﬁlion of oxpmut b‘ﬁ (00005)
00811 3 bl oxtmion of expoment from (00008) " 20
00013 . ':xmaiu sddresses x and y im the u and v puitim.
‘R i - 36 bit cmnuo: ot cxponcnt from (00005) :
10000 .cm sods’ 1n ant two ootal s, _
loﬁ;u' Ir ln'y n-punt nc uro, it hn bun t;ruufonnl to OOOOOOW

(mx) ﬂth tlu ozpohnt 77177‘1777600 (nai}. A

roas 013 —a
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_ZII Exit Information

Subroutine exits are to 01507, 01721, 0173L, 01735 or T¢O.5.
a. Exit at 01.07. Place zero in Aard ro to 0173 (are below)
b. Exit at C1721. Nermalize, tect, pack and ctore. In tnie case the subroutine

should leave:

q (::) in 0LO0S
© 1n 0c210

%here the desired result is q .. 2P, g_.and P m‘a.vlbe. anv possible I bit
nwbers. The routine will n~r alige, test, vack int- R, and ro to 0173..
c. GZ=xit at 0173L, 01725 or 01737 . 7
0173, 11 20000 [00000]  ST'RE BESILT (ses table ahove)
01735 1.5 10000 [01736] TRACE Y (exits té trace if used) 2
01736 L5 00000 [ooooq] Exit

01727 37 00000 760LS ALARM EXIT

Notes: .

-

1. K11 references to exits ahove must be in winodified orders.

———

| 2. Double dizt_v- subroutir{ea {(0.r. sine and cosine) ere assigned two

command codes and trested as two overls:ninr sutroutines.

IV "Own Code™ Subroutines

"ﬁequ§ﬁtly occurrin« s\,;ﬂrouti-:es can be c_od-ed as FLIP aubrou_'tines._ Refore
using bthex;"'FLIP com-ndlf i1 such subroutizes, it {s necessarv to rtranafv‘er
ﬂ (1736) and such other ‘nfo*'*a*ion a8 Tus. he saved to new locations,
-P‘LIP buxo ~rdera do not uce ceils 00"1) to 000"? or cell 0(‘002. -1t t.he
lnbroutine medz no nodifica‘ ion or ch-nve «f‘ lontion. use 00 0. 201 Q0V00

: for itz cmnd code pu'ar"eter.
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Liex (y)ay ¢

Yiplace a@ves wibn
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—
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2
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X2 Py x
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PE2Y 2y-patn]

3.0

2 7‘#::." tii'-, &

5": -» X

2 -SeR PSeX
Qi K .
A 2
AV ] STORE
= > . ALARAM e

o' A (3 C ] A (
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X Y 2 < :
E ) < v_ : \ > et e
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~ - : :
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FLIP STORAGE LOCATIONS
Bubroutine . ‘ Fazber
Code of Drum .
Number Name Words Address Address
ey 77716 Lo
Basio E,od. 193 & W77
Subroutine Parameters [ 60 . 61 1704
Loader 61 01537
50 .Square Root ; ! I 7655% (01000)
bl S e 26 76521 (01000)
s, Legy n 3 - n 76462 (01000)
53 PUNCE 56 77262 (01000)
22 - . mu 2 77260 (01000)
ALARM : L2 76000 (76000)
L3 5 FPlexowriter Input
» » Couversiom 8 1735 (01000) |
60 8ime 50 TTaSL (01000)
e © Cestns 2 e .~ (01000)
170 o< | 18 76360 (01000)
 Read in Teat 36 7641 1641,
‘ Process Trace 59 : 77600 : 96117
& tasl 5 76300 (01000)
6 Gotaa=l % 7635 (02000)

RIS SRS b




EAMNG €Y

i -

76575
76576
76577
T6600
76601
76602
76603
76604

76605 .

76606
76607
76610
76611
76612
76613
76615
76615
76616
76617
76620
76621
76622

'76623'

76624

. 76625
76626 .
-_.7552?f2

~ CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIESO DIVISION

01537
01540
01541
01542
01543
01544
01545
01546
01547
01550
01551
01552
01553
01554
01555

01556

01557
01560
01561
01562

01563
:0156§)f
01565
01566
01567
01570
" 01571 16 0000 {30006]

i1
1
11
75
i1
11
11
31
11
55
13
53

5

11
15
16
55
31

52

87

5%
33

52
16
55

-

16

ff

Loader

J

76655 00000
30061 01615

76600 01542
30062 01544
777146 00040

00004 00017

20000 00005
00003 00026
01621 10000
00003 01554
30002 ©1555

00006 01576
0000k 01576
00006 00011
00005 00071
01621_60122
01563 01601
00006 00014
01577 20000

01621 01575
00007 01571_
00007 00025 |

10000 01572

}

PAGE 11

REPORT NO  ZMeliX
MODEL All

oaTE  12/15/%
Preset Fl

Transfer loader to ES

Transfer Constants and Assemblv to ES

Requisition parameter Py

Pi L th

% B (Pi) ;‘7 9 (ts)

|
|
;
I

R =6

Hllk‘ -3 q

Set order: "requisition subroutine parameters

Requisition Subroutine Parametes Py Po

Set order: "Transfer subroutine teo ES"

Place parameter [:r assembly routins
Is this the termination flag?

Set repeat order: "Transfer shbroutine to ES®

/ 4.

 ;Sot lﬁbrdatinc‘roferencal in Basic Code




EAM O ET Ll

76630
76631
76632
76633
]663n
76635
76636
76637
76640
766414
76642
76643
76644
76645

76646

76647
76650
76651
76652
76653
76654
76655.

- 76656

76657
76660

CONSOLIDATED VULTEE AIRCRAFT EORPORATION PAGE 12

SAN DIEGO DINSION

01572. 15 00005 Eooo§ ]
01573 21 01544

0157% 21 01561

01575 [T7 17777
11 [00000

01576
01577
01600
01601
01602
01603
01604
01605
01606
01607
01610
01611
01612
01613
01614
01615

01616
~01617

01620

01621
01622

5
00
11
11
11
37
12
b :
75
11
75
11
75
11

75

11
s

56

00

45

30000
00000
01620
01617
01622
00101
iooo3
Q0040

30275

76755

30222

77027
30236
77014

30074

'76661‘
00Q00

00000
00177

00000

!

MOCEL ‘1l
DATE 10715/84

Step to next subroutine
¢

Trans fer Subroutine to ES

Prototype order for 01575
"iarameter for zero subroutine”
ireset exi® ol lLoader

Preset F2

obsolete ordof

Modi fy subroutines

Clear FLIP temporaries

Trensfer in Basic FLIP

Obsqlote

' Transfer Subroutine parameters to ES

ot

- Bxit order for Loader

- Extraotor

: obsoclets order

REPORT *:.° ZN-{9C
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COMNARD CODE PARAMETERS

76661 0170 01 01734 00000 |2
76662 01705 00 00003 00003

76663 01706 T2 TT352 03000 L3
7666k 01707 00 T7023 00003 e
76665 01710 01 04731 00000 Ll

76666 01711 00 00003 00003
76667 01712 01 01731 00000 )5
76670 01743 00 00003 00003

76671 01TiA 01 01731 00000 bé
76672 01715 00 00003 77007
76673 01716 01 01731 00000 L7

76674 OLT17 00 T7007 00003

76675 01720 21 6353 02000 g
76676 01724 00 00003 T7026

TE6TT  0ATR2 @k 76360 00500 5
7700 0173 00 00003 00003

76701 0472k 02 TTWS0.00R00 5p
76702 01725 00 00003 TI014

76703 01726 70 TTR62 000 53
7670n 01727 00 77011 00003

76705 0ATI0 37 7662 00D g,
76706 01731 00 00003 TIOL2

76707 OATIR 0L OATIL 00000 gg
76710 . 04733 00 TT012 00003
764 0ATM 01 OT3L 00000 gy
76712 o735 00 00003 TTOL3
673 0176 of 04T 00000 g

A oimT 00 TROL3 00003




FORMNO EN

tPHF

7716
76717
76720
76720
76722
76723
76724
76725
76726
76727

76730

76731
76732
76733
76734

16735

76736
76737
7640
76741

s :

T67h3

7674k
%5

76746

6787

76730
6791
76720

‘76793

CONSOLIDATED VULTEE AIRCRAFY CORPORMYTION
? SAN DIEGO DIVISION =

-

01741 00 00003 76777
01782 02 TTRS2 00200
0173 00 76TTT 00003
oim. 35 76300 03600

017hS 00 00003 77000 °
01786 02 76356 00200

01747 00 77000 00003
01750 01 04731 00000
01751 00 00003 77001
01752 01 04731 00000

01753 00 TT001 00003

0175 01 01731 00000
01755 00 00003 77002
017956 01 01731 00000

01757 00 T7002 ’oooo?-

01760 3176360 01200
01761 00 00003 77003
01762 01 01731 00€00
01763 00 77003 00003
01764 01 01731 00000

01765 00 00003 7700k -

01766 01 01731 00000

01767 00 77004 00003

01770 4 01731 00000

o177L 00 00003 7005 . -
5T

01772 01 04731 00000

01773 00 T7003 00003
G17Ts 01 01734 00000
01773 00 00003 77006

eiTI6 38 16301 03100

61

67 .

70

7

AT A DORAR PTIRAR . . T o s

PAGE m
REPORT o BN=4O0
MODE L

oate 12/1/5



76755

76756
76757 .
76760
76761
76762
76763
76764
76765
76766
76767
76770

76771

76772
76773
76774
76775
76776

76777

77000
77001
77002
77003
77008
77005

.. 77006
77007

77010,

01477
01500
01501
01502
01503
01504
01505
01506
01507
01510
01511
01512
01513
0151%

01515
, - 01516

01517
01520
Q1524
01522

01523 -

01524
01525

01526

01527

: 01530 ;
01531 Sl
- 01532 k4 01535 03534

CONSOLIDATED VULTEE AIRCRAFY CORPORATION PAGE 15

27

bl
16
Lk
11
45
4y
11
36

46

00
By
44
N
By
By
b
54
By
a
By
44
1Y
By

k4
Ay
e

00005

01501

01712

01503
0177%
00000
01665
01511
00012
01607
00000
01514
01516
01520
01522
01524
01526
01530
01737
01737
01737
01737

01737

01737
01737

01737
01737

SA‘N DIEGC DIVISION -

REPORT NO  ZM=90
MODEL 4ll

pate  10/15/5,

Basio Code
01772 X — X
01505 Branch om by
01734 Set to ttbro‘in R
01666 Branch on b,
00007 R —> B'
01666 Jump
01666  Branch on b,
20000 27 —» = :
00012 p —» R (4f p 7 275 p=72 ¥ R)
01726 01R
00033 21 | .
01513 SORTING
01515 | #HIFFLETREE
01517 | for NON-ARITHMETIC
01521 ORDERS :
01523 :
01525
01527 ¢
01737
01737
01737
01737
01737
oy
04737
01737 “ik
01737
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S DIESY BLUIGIN tace. g8 S
77041 01533 kb 01737 04737 i an AL /sl
77012 0153k kA 01737 01737
C TI013 01535 Lk 01737 01737
TTIO4h 01536 bk 01512 01537
TT045 04537 bb 01546 01540
77016 01340 b4 01342 015h1
77017 01351 bk 01545 01543
TI020 01542 bk 01531 O15Mk
T70R1 0153 kb 01571 01553
770227 O45M ki 0157k 01560
77023 0443 kL 01737 015%d
TR O1Sk6 kb 01532 01547
77023 O1347 bb 01533 01550
TT0R6 01550 Wbk 01605 01737 -
TI027 01551 110001100010 oY —» scX L2 commnd
¢ 77030 01552 45 00000 04721 Jump to Normalise
TI031 01353 21 01776 00OTh ®1-1 > bR | LO commnd
TI032 0135 36 00003 20000 by-(2) oy m
T7033 01595 k2 0007h 01602 14 bo(x)  Jump to *Jump®
» TTO3% 01556 11 O00KO 01776 0 —» b,
77035 01557 k3 00000 01603 Jump te ;'no Jump”
77036 01360 27 00005 0A7TR < —> X |k e
77037 01361 24 01777 00OTH bl —> bok .
TIMO 01362 36 00005 20000 Boite) s
TIAL 04363 32 000TH OMER . 3, po(a)  gump te."jwe
TI002 ouss uooouo.'w'n iy e ’
L T7083 01365 43 00000 01603 Jump to "no jump"
O TIOMM 01366 16 0173k 01736
TN 01367 “A3 00000 01733 onpty




01571
01572
01573
01574
01575
01576
01577
01600
01601
01602
01603
01604
01605

01606

01607

01610

01611
01612
01613

01614

01615
01616
01617
01620

01621

01622

01623 |
01624

,'01625'
01626

16

CONSOLIDATED VULTEE AIRCRAFT CORPORATION ¢ o AAGE 1.7

01734
01736
00042
20000
01602
01603
00005
00006
00005
01738

01774 20000

00000
20000
00056

1000840
00000
01737

20000 -
01773

00006

00000

00006
01774
20000

00011

01774
00000

00000
20000
20000

SAN DIEGO DIVISION

00012
01734
01736
00011
01576
01577
00005

20000

01603
04736

01735
00011
0161i
20000
01733

01612

01614

0014C
01734

00007

00034
00011 _

00054

00006
01744
01736
o178
?91775;

20000

 Stors sxit

REPORT NG~ 2H=L90
MODEL  All

> v paTe  10/15/5,

Interchange y and Exit |L1 command

scX-gcY —m R UxF command S

I sy > seX , Jump to 1602
If. scX » lcY) jump to 1603
x| = x

Yy | —» R o :
1t x| Y] dwe to 1603 B

"~ Change exit

R >r
Exit

p-p —» R |51 command

jump to 1611

Clear answer

. Exit

It p - p' <0, jump tc ALARK
prowp ot R

Set order: o . QP“P'___’ q
Q-2 g

Exit

YT-938 ‘ l'p” orders

mpack (¥) —> Y, seY -

Jump to Multiply : ’;’.

. Store n-qﬂ ' i
S sters @ L

i %




CORM MO ET T RF

77105
© 77106
77107
77110

77411
77112
77413
77114
77115
77416
1317
77120

T712% -

0771'22

77423
77128
77125
77126

77427

77430
77431
77132
A 77433
~17713u

lrma3s
ey T7436
;':577‘37f§fu
e

01640
01641
01642
01643
01644
01645
01646
01647
01650

.01651

01652

01653
- 01654

01655

01656
01657
01660 -
01661
 01662

e, 1

CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 18
.BAN DIEGO DIVISION :

31 00000° 00017
35 01766 01631
11 [00000] 10000

75

54
31
72

i6s s
01637

72
73
16
55
11
54
16
16
16
75
11
21
»7
11

1

47

11

%5
41

11

30004

01761
00007
00005
20000
00006
01765

10000

10000
10000
20000
20000
20000
20000
10003
00040
conos
01655
01770
00006
01660
01770
oi??i

-01663

01770

01634

00004
00012
01777
00001
01776
10000
01652
00047

00043

00075 :

01734

00013 -

01655
01652

00005

oca

01654

00005

oged

01657
00006
20000 |

01662 e  T°”(
0177~ f;u3*‘

01663 55 00008 0001

S\‘-u

-

REPORT N, L= G0
NODEL All '
oate  10/15/5

Imstruction —2n q

“op —_— tb;' blvlndic:tora — tS;

by indieators —» tys Addressea -—» t7

Modify Basie Addresses

Put Execution Addres-es imnto 213

Preset Pickup and Store orders

0 =3 1,Y and B

Plekup (x) —> 1

" Osx
YR , ; :
v.2 55 - X L ;
Plekup (y) —» Y
155 gy T

2155 ._.4» vil



77142
07*143
77144
77445
77146
77447
77150
77151
77452
77153
77154
17155
77156
TTA5T
© 7160
- 77461
77462
771463
77164
77465
77166
77167
77170

-

77471

- T71T2
77473

7747

TTLTS

71476,
77477

01664
01665
01666
01667
01670
01674
01672
01673
01674
01675
01676
01677
01700
01704
01702

- 01703

Ol?Oh
01705
04706
Q4707

- 04710

01711
01712

01713

01714
04715

01716
01717
01720
01721

B4
11
31
11
54
3
11
54
o
4y
by
3

44

23
46
11
11
11
i1
13
42

13
35
5
54

35

45

i1

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

MODEL All
"01477 01500 Branch on C | gaTE - doasrl
01774 00006 R=Y
00006 00034
20000 00011 Unpack Y —%  Y,seY
00011 00058
00005 00034
20000 00010 Unpack X —p X, scX and R
00010 0005k
00004 00041 i
01536 01676 ;
01677 04700 Branch en a and 4
01740 01744 -
01€16 01701 :
20000 00011 scX - scY = T R |Add
01703 01740 op T
00005 00014
00006 00005
0901& 00006 Interchanre X and Y scY =% scX ; @ > R
00011 00010
20000 20000
00045 04712 I£ 31 ¢ R jump to 1712
00085 20000 31 —» R ‘
20000 20000 2 %
01767 0474%  Set next ofder.
PR R TR
00005 00107 ~ x-23 .y x
00006 00005 ' X 4Y =y X
00010 000TH gex + 1 =3 gex :
00000 01750 e oG L |
M e SR °-*€7,;13, i

00080

_90013..




@

ONS "L IOATED. VL TER AMHCRAR T ¢ & AL

S Db e
77200 1722 5k G00UH, 00032 27X -—5 4

77201 04723 T4 20000,00012 K@ —AR ;27 -p —3 s,
77202 01724 11 20000 00005  stere X 7

71205 01725 kS, 00000 01506 fumo

S TT20k 01726 23 00010 00012 ecX - p —3» 8ck
77205 01727 W2 01771 01607 :

77206 01730 k2 01770 01732 > Check size of _scX
77207 01731 45 00000 01737 | :

7740 01732 11 01772 10000 _

‘ A Pack answer in R
77211 01733 53 00005 00010 }
77212 01734 11 20000{00000]  Store result
77213 01735 145 10000{01736 | Autoronitor?
7TR1% 01736, 43 00000[00000 |  Exit

77215 01737 k% 00000 76085 Alarm Exit

77216 01750 11 000L1 20000 'Z |Divide
[ 2-8cx -» scx gL
TT17 01741 36 00010 00010 }
77220 01742 31 00066 00OL2 ? i
e R Voo o«
77221 01743 73 00003 00005 [ IE
771222 0174k 71 00006 00005 Multiply

77223 017k Sk aoooob'bou XY —%x, 2
77224 01Th6 11 20000 00005 _ _
77225 . 0ATh7 21 00010 00011 g scX + 8cY —» acf |

A

77 01750 11 00007 20000 7)

‘ LhHOLE B=0Y jumpte 172),
77227 04731 A7 01732 oar21 | . SRy
T7230 01752 11 20000 00006 ). A.

77231 01753 31 20000 00O3h
TR ATk 1 20600 00011
L 77233 oAT35 SW 00011 O0OSk ) ¥
R AR g e

.J/ . :
Kk




CONSOLIDATED VULTEE AIRCRAFY CORPORATION. = . S
b TSAN QEGD DIVISION IS GL =3 g
- s ; 3 " 7 CHEPRCRY ty :-lg-‘- %*

: MODE.  #1T

. e . ’ 32 L)AYE 1'-. '1:’/% :
77235 01757 14 00040 00007 C—> B i

@ r23¢ o760 45 00000 01701 e g e ‘ABS
i a0 01761 00 77000 00000

77240 01762 00 00200 02000

17284 01763 00 OOKOC 04000 Sxiraotors
77242 . 01764 00 00L77 TATTT |
77243 01765 00 00KOO 0000 o
77244 01766 10 77777 10000  Prototype Wdefror 01631

| 77245 01767 5», 00006 00107 Prototype o i or 0171
77246 01770 00 00000 00200 . 2! |

77247 0 04771 . TT TTTTT TTELO 1 - 27

77250 01772 7% 77777 77800 i (2° - 1)

77251 01773 54 00006 00110 Predatyie order Sar TA6Y,

B 7 ] -
j O { =
¥ L z : ; » _
g % Nt S - ™
IR g 3 X Sy VR 5 i
o Ly RN g RS ; “ : 5
: 2y S »
2 5 5 3 A B 3
o8 5 o S
R T e 4 ok ¥ < o
B oy S L 2 y (s g
SR AR IRt R R S T 5 e v 3




_ #For axpl.nuﬁica of ord»r! ses Ropcrt Z!~b9l

0 X

CONSOLIDATED VULTEE AIRCRAFYT CORPORATION
! SAN DIEGO DIVISION

Alarm Print *

LS 00000 30000

76000 76000
76001 76001 k5 00000 76024
76002 H00) ¥ 537 '}6050 76025
76003 B 31 76000 00017
7600k L 15 20000 76005
76005 76005 11 30000 76000
76006 76006 11 760k3 00006
76057 76007' 55 76042 00006
76010 76010 61 00000 76042
76011 | 76011 k1 00006 76007
76012 76012 13 000Th 20000
76043 76013 32 76000 00025
7601k 7601k 11 20000 10000
76015 76015 11 000k 00006
76006 76016 57 7601.76033
; ’76917 76017 11 00005 10000
76020 76020 37 76041 76032
76021 _76021' u 0000k 10000
76022 76022 37 T60ML 76032
. JFLIP ALARM ADDITI'N
| T60k5 76045 15 00013 76047
| 760A6 76046 16 00013 76050
2 T60RT 76047 51[;000@000»»
. :7g°59‘t 7’6050 27 20000{3000@
 i' *7605i_'  T56§1‘4i6 01736 76000
7605g : ~7éo§e ','hj eoooo 7600&

?r."

76023 76023
7602k 7602k
76025 76025
76926 76026
76027 76027
76030 - 76030
76031 76031
76032 76032
76033 76033
7603 7603k
76035 76033
, - 76036 76036
76037 76037
76040 76040
7601 76081
76042 T60k2
76043 . 76043
T60bL 7604k
Set Oédori )
. .‘(x,)'v,-?rL-
( y)-) R
-._l-nbr Alars

56 00000 76000

16 76031 76030

11 20000 0000k
S& 20000 000Uk
11 20000 00005
L% 00000 30000
00 00000 76006
11 00057 00006
61 00000 00Ok
55 10000 00003

51 00067 20000 -
35 00042 76037 -

00 00000 00000
41 00006 76034

4% ooooo 30000

k5 )011} 01207‘

9.9 00000 00005

00 00000 00000

e2-

pa' SETE

T UV




T — Y S ———

CONSCLIDATED VULTEE AIRCRAFT CORPORATION
Ban DIEGO DIVISION

INP'T StV CHECK for FLIP

7641k 57 00000 00000

76413 [00 00000 00000]

76416 11 L0OOOO 00000
76417 23 10000 10000
76820 T8 22000’ 761»22
a1 32 76000 00000
76422 36 76415 10000
76425 23 10000 76415
76424 Pf? TER2T T6h2%
76425 75 10012 7&51
76426 61 00000 T6L3L
76427 75 10012 T6k14
76430 €1 00000 TE4b6
76431 16 76433 L0QOO,

}
j
)
j

76432 %6 00000 LOOOD -

76433 00 00000, 76575
7643k 00 00000 OOOKS
76435 00 00000 00047

76483 00 ooooo 00003

Halt
prestored sum
sot !‘1

clear A,Q y

SUM

Check sum

Print "FLIP OK"

Print "N~ GO"

set order

dalt

i aidress

~ FLEXOWRITER

76436 00 00000 00026
76437 00 00000 00011
" 76ab0 00 00000 0001%
64l 00 00000 00015
© 76Mk2 00 00000 0000

 CHARACTERS

~ 76%h 00 00000 00036

PAE 25-
REPORT MO IN00

MODFE

ot 12/, /8L




: tm NYLE Y

CONSOLIDATED VULTEE AIRCRAFT CORPORATION U phee o :
) SAN DIEGO DIVISION ATy 3
: % : ; REPORT N 2}14‘;90A
P y 1 ) MOYTEE ¢ ¥

oate 12/1 /5L




77716 D000
T4 D00k
;7720 000k 2
7772 1 00L3
TR ROk
TRes QUULS
7Rk 0006
7785 00047
T7126 OvOﬁQ
1727 00084
?77}0 - 00052-.
17300053
77732 0005k
TS 00055
T 00056
TTI3% . 00057
17T 00060
TI737 00061
‘,77'{#0 - 00062
TTML 00063
TTR2  00Qsh
TTTh3 00065
TS 00081
v T7786 00070 .

vt A VUL tEE AITRCRAFT CORPORATION

-

SAN DREGO DIVIS N

CONSTANTS and ASSEMRLY RTUTINE =

0C¢ 00000 00002

:
g

‘Q

- DOONC DOO0k
000GC 00037

00000 000%2

- o

00000 VOOTY
00 20000 00070

0006k

00062

%

00 00000 00066

0000 00072

00000 00060

00000 00013

8. B.8.8 8
:

00000 20¢42

00 0000C Q00%E

00033 -

31 10375 s@k2y

.ooooocxoooon

31Tu6314 63146

21 6?6h3 24177 ket

.eooooooooooo‘

00. oooeoeooo?
3777771 I

‘Por uphm cion af nrdqn-a uo Raport Z'Mﬁ'l 5

77757 00074

- 00072

00073

000TH

00075

754 00076
77755 00077
77756 . 00100
71757 © 00104
77760 00102
Tfer 00103
7776é. OOiOB
71763 00105
TSy 00106
: f7?765; ,06107
-'77.766:. 00110
e omn
‘;‘m?c'ﬁ.' 50112
T oom

Hig o gigigiaia g

MOUE (

A E
REPOURT ™00

25

¢ <90

DATE IZ/lh/Q;

77777 00000

00000 TTT77

00001 00001

07777 OTTTT

00102 00000

SRR
W=

00073 00005

g

b1 00005 00110
21 00106 _ooovj
L5 00000 00100

1600112 0O11€
41 00040 00007

21 00007 00000

35 20000 000335
8 "f‘;t-idoo:?j- 10000
7110000 0000€
35 00007 00000
00112 oowh*;.
. ha aoooo 20105

o oaooo oto00

00122 20000

20000 00112
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CACALY SIS

- B
CONSOLILATED \ /L - E alR: RAFT CORPORATION PAGE [13=]

ogparen BY Ca Jo Swifg BA KGN D &N HEPORT ~  IN=L90
HECRED BY L Pollack £ MODEL Alld
LEVISEL BY ; A oate 11/15/5,
- - FLIP

Flexowriter Input Conversi~n Routine
Cormand Code; L3

Number of Cellsy 58

I  Description

This command converts a twr-word input reéresant‘tion of a number to the

normalized FLIP form and stores : he result in y, but not in R. The two

‘words are (x) and £+ 1). When teken € bits at a time they are 12 flexowriter

~

character codes. Jf the number represented is: - G s

% ’
E=qt * 10 S 0ug qn it
these flexowriter characteres are;s - .

1.4 ¥-L 5 67789 10 11112
::q'qq'q/qqq,x  Jen: L :

The deeimal point (not prosant) nrecodos cha"aoter nunber 2. The sigzn positions

'nre conlidorod plus unlo 8 oocup: 1od by [y minun siyn (octul 5% ). The twelfth
digit is immeterial and will uaunlly bo a- cnrrispc return.
" ! If the number rapreaen“gd exceeds 2127 1n abloluta maznltudo or 1f any

dir 1t q or p is not [ fiexowritér nunericul dirit, an ;ltrn hlit will ocour.

"‘*i"(:'v L




AALYSIS : CONSGUIDATED vUILTEE AIRCRAFT CORPORATION PAGE [, T<P
pHEPARED By Co J, Swift BAN DIRDQOMISITY REPORT N0 ZN-LOG
cwEckeEn @y Se. La Pollaek : MODEL  All

REVISED BY. ; = : DATE 11/]5/94

Q .

]
:

|

@ <fr~" (7)== X
R Setorder: /V")f 4.¢ = Jec,m./ Cyro)v‘ T
(-,ra"fi # s E .
o ¥ tally2 . ’ b ”"’nfﬂ"ﬂl fFirnal anSwew

Set orde, -%"N »Ch_:‘ h.mbcy bf"ﬂ" (Oh\fvfdk

i N o,

N

:L _ ek thevhlsyl
o oA 2 change

|

g { oA S ARl SR

e e e

: ¢ 5‘ VA I a v | £ .’_;,éj ,.’,V
! WA i R
| Sae. Bl ' 7-m-.u,x.l | Fempovary locaton,
i ' - .
|

\ e e s e e

L -

| place ovders n -

o A
e T Phios “‘$ NS ol )
JK"'";"':‘ ' b T oal b Steve Frup

—

230 st Ljep K (7 s 3 4
3 d' lftfx (.”"'f_” 1° §
\ SR

f'flffh1 j l

’f»\vtpr ,,‘

- /(\JJ)
pad
&3 1
)
*
S
7 i
s ,
. (wr
A, o

. O

L D.n‘.l dl

' s ikt d 9h -/F“,_‘.—M J’

AT s

&———« rhlf: ?4/" 2

T
e SRR

oAy .";.;.4-~-..-»‘-»-;,,_..M;*..;m_w__g Lo |

‘ A '»""v $ 3
| Eips \’,2"[ "hf’& pos L et (
Sl M : - Setiowgeeto e }"“' e \,.,J wirg, ~H Fasloie FO.P
o : | ‘_,v“‘ﬂ_"» . _'_% QJ e. J : »  .Axic FL‘“ "d¢¥§ ,_;,’L. jr' EA‘t‘lv' 7Sk ; t R S

o

FORM w12 o




77552
7353
T35
773%5
77356
TI351
77360

361

77363
7736k
17365
77366
77367
77370

771

17372

713
TI376
1373
7376
™77
77400

7Th ol

5 N0
T TTh03
77804

01000

01001

01002
010¢3
0100k
01005
01006
01007
01010
01011
01012

01013

0401k

01015
01016
01017
01020

01021

01022
01023
'o1oeh [15 00003 3000@] L 91,f9‘{~~ 1

0’109‘,"»
01026

01027

01030
01031
01032
01033
oo

100012 D037 imdex tally 2
11 01003 20000 ‘,f; B
35 00075 01055 ot

CONSOL!DATED VULTIC AIRCRAF? COBPORATION
SAN DIEGO DIVISION :

473 INPUT CONVERSION SUBZ vrzsx

1€ 010k2 01025 oot nwftch Ic
15 00013 01003 ) :
16-00013 0106k set oriers

11 30000 00004 {x) =9 x.

11 01051 00012 6 ~» telly 2

11 01031 00003 6 —> tilly 1

11 01046 0102k set, Qrder_; <= N

3701061 03032 et FLEX dtpit (sipm)

43 00061 01012 rest fér minua Qign

23 0102k 01030 charge order: +%h —» {'{i’{ff
23 00005 00003 0 — 4, % 1

37 1041 G1032° - ome diitt —y A

75 20013 76045 '

43 000k5 01016

51 0006k 00006 bi.viu-ry‘»diéitv. -94‘ :
u'oooeo_oooo'r LE T

23 00007 00006 _

7100060 00005 ) . % :
35 00007 00005 { o Chfd ﬁq\‘
L2 00003 01013 . Index tally 2

SR T |
37 01025 5oooo : ,15..' i

;5h 00032 00057 -A/-z*l *ﬁ? T

B °1°7° °°°39 "A/ -251- 107 -'7/\/":-" .

75 30016 Oooih "f"..?f'j;f.,;'A“’;1¢-l_":f '
: {r enter temporarv orders

11 01052 0001h j AR N P T

R _’.\j’__ N

1 30090 cooo~ :ﬁf]ff=f"

ru@,r 1‘ 5

REPLRT 19 m_l‘w

MIILE

GATE 12/])*/5{‘

Digit Subroutine -




RM N K 7

LR

co~souoano VULTEE AIRCRAFT con,ronnuon of

04036 14 00067 00012
01037 %5 0000k 00006

01040 %1 0006k 20000

SAN DIEGD DIVISION

01081 45 00000 30000

010k2 00 00000 0A0L3
01043 11 0007H 00003

7 — tally 2

. shift one flex dieit

X tract to A

exit

© gonstant

.1 = tally 1

0104k 11 01047 0102k

0105 4% 00000 01007

01046 13 00005 00032

01047 13 00005 00033

01050 02 00000 00000

01051 00 00000 00006
0001k 16 01736 00002
00015 1k "42003 20031
00016 11 20000 00032
00017 14 30003 100;2
00020 21 00033 ooo7k
00021 46 0001_)00022
00022 [ 43 000k0 00026

oooas 15 20003 10032

0002k 2sooos5ooovu
00025 145 00000 00022

J

set order - 91 - d.e.

Jump
constants

store exit a-dress
FIXED ~—> FLOATING

Nijo oM

fdo.o >+ 1 » .do.-’

o.d‘Oo

O'do.n.. .

108 —> ¥

00026 11 00032 00000

00027 1600002617)6

00030 k5 00000 orm

00031 24 00000 0G0k

}'oxit

10
01070 00 0OMEL 13200

76663 T2 TI3R 05000

; .10;’ :

do'c .‘1 oy -dq..
Jump

store

ff&‘cdﬁr. éurgmqutt

PAGE h}.b )
REPORT NO n.hgo

MODEL

OATE 12/10/5,
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ANALYSIS ; : CONSOLIDATED VULTEE AIRCRART CORPORATION PAGE o=l
PREPARED BY « e Jo Cwifl® SAN DIEGE C!NiBK N : CREPERT WO L D
: . ; 21y
CEC mED BY Vo Toae F oSk MODEL A1
Y . Ty
REVISED BY OATE g |
\, ! v[‘quar" “(‘Qt sahroutie
Tomrand Codes 50
Niumber of Cells: 17
% Daa.nr&ntio_!jl
This command comutes the square root of (x) and stores it in v and *

II

with full accuramcy., An Alarm Halt occurs tor nerstive arguments .,

Flow Chart

O % ALARM EX|T 3

e
ﬁ—ﬁl_ﬁ‘ck‘ﬂqﬁl :

e | | G FRle R o

 |WosmaLizE
| guT

£ %




(.ONSOLIDATED VULTEE AlﬂCRA"'T CORPOﬂA?'ON
SAN QIEGO DIVISION PAGE 50‘2

REPORT NO u-b%

MODEL

vate 12/AL/5h

50 SQUARE R""P SUBROUTINE

76553 01000 11 00005 20000 X —» A
7655 01001 k6 76045 01002 =
7655% 01002 k2 00075 01020 271552 (1o is (x)® O1)
7653 01003 Sh 00010 00107 3 sc xitg) ->  sex
76557 0100k L3 20000 01010 sex odd?
76560 - 01005 L6 01006 01007 scx10 |
76361 01006 35 00074 00010 scx +1 —p sox :
76562 01007 54 00005 00107 $x i x
76%3 01010 11 00005 0000 x N
7656k o101 11 00070 00005 1-2722 "3
76565 01012 [31 00006 00042 iy _ g A
76566 01013 73 00003 0000k Wim — o,y (3
L TEAT oo Sk R0 OISR < hi Ly b ()
76570 01015 23 10000 00005 I iIxiAXE > Q =a X
~76571 01016 21 000050000*~ AN < X+ i —» Xie 1
76572 01017 Lk 01042/01020 = A xi40. |
76573 . 01020 L5 00000 01721 exit

76673 . T6675 21 T6533 OQOOO loader paraniatéx;;
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REVISED BY = OATE 11/15/5,

FLIP
Print and 'Pvunc‘h Subroutine
Print Command “ode; 52
Punch Command Code:r = 53
Wbl o OB Teeh %6

I Description ‘

These two commands convert (x) to a floatineg |

OiMK) {orn and print it
cn the flexowriter or punch a flexowriter tape. For thess commands y is

{mmaterial. If the Print oubroutir;é is used, the Puncvh subrouti.e must be

-

su’oroutiné is y, that of t he-punch subroutine must be y+ 2.
Fifteen digits are printed or punched as followss
10203 bl 56 R 6. gAY 12 ani 15
260058 ey 0 et Bup Uy et ap
Where the .nuxxbcr (in floatinp decimal form) is
maq- 0P

No carriage return is included.

aleo specified to the loader. If the location of the rirst cell of the print

g S S
g R
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PREPARED BY Co Jo Swift s SAN DIESO DIVISION ; REPORY NO  ZM=QC
cHECKED BY S, L, Follack : : MODEL Al
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REVISED BY SRR : pate  11,/15/5L

7 Print and Punch Subroutine
II Flow Chart

P. arve hmponrl c(ﬂs usedd to stove digits

[Privt ovae ‘
dev 4 Mr Qs h“m"p’l then at avders, ;

ﬂ&of"‘ipc P

Panch Ovdew
~» Pototype P

. Thiy part céerq}e; n at(mko'gyy‘ .loul‘o'-h and

— —_— — T —

I “ses besic FLp ordeys ‘—I

. | SreRe x 2N : | : |
o ¥ decimal exponent (de) | STORE AL P : P
rrlh{‘cv evdevs te ] ‘Ellt*’ t'k : } )
= f-mp.yu,‘ locatreng T ‘ ’ i ' s
= y . 3 X «
| ' yaasl l
e de . +i9de |
iy 3 Wis M.
. e - 5
put "s’g;." +o atl P: 4 ;
"'.‘z Lole : x : ' ‘
] =5
: } |
p«t " dryts” ef m “n A i
P3 ft Pio - : : : ;
P"’PL *" £ J . CARERER, ’ a-""‘d.: ‘ l
Mdee, | pt Y 4 :
: *f " Pl 52 v, lo NN AT
Syt T o * 7 G > .‘.,EY
; - y 3 4
(e w0 Aol £ l
R K e IR Converl™ N 1 fiyed
put diqifs® of dee.. SRRSO S TR o e s |
aw piy and fn. : 2 e ' Gy j ?"dﬂl th » Exir ‘
2 Eut avdey -’ ’.1 : Ly J : ‘ : ; ok
C.nvcvf‘ P fo poa PR, : T i 55 I ;
| pref o pancn .«A«m abegs T Vil AR :
W ppatege W s DS E R G =




e

= = CONSOLIDATED vqu:t AIRCRAFT CORPORATION alie L LR
SAN D(EGO DIVISION i > b2 - =
. | 53 PUNCH SUBRNUTINE mESATLR DR
7725 01000 11 01067 00002 prototype —¥ to il 12/1. /5.,
77263 01001 11 00005 000
. FEI U e tye
7726k 01002 11 000L0 00036 0 ~—» decinal exponent (d.e,)
77265 01003 75 30016 01005 ‘g
kg ‘ load temporary orders
77266 o100k 11 01051 00045 )
77267 01005 S4 00003 20015 )
best X
77270 01006° 43 20000 01010
77271 ‘ 01007 37 0u0R7 00015 enter temporaries
77272 01010 75 1002 01012 )
: ; j put "space™ to all digits
77273 01011 13 00074 00013
77274 - 01012 71 00035 01041 x0T
77275 - 01013 k€ 0101.4-01015 /
: edjust sign dipit
77276 01014 14 01037 00015 f
77277 01015 Sk 20000 00051 %+107 ar integer :
77300 01016 12 20000 20000 fxi
77301 01017 35 01050 20000 Rerand
7730 01020 73 01081 00016 e dlplt
77303 01021 13 02080 00017 BieTaRs ks
7750k 01022 75 30006 01024 )
: Remaining digit
77305 01083 | T3 010k2 00020 Pk
77306 010ek 11 01036 00037 ; set decimal point
TT307 01025 11 00036 20000 7 LR e
5 gt djust ‘sign digit of d.e,
77310 01026 46 01027 01030 s bbb it e
77314 01027 11 01037 00027
77312 01030 12 20000 20000 4.}
T3 10 T3 0107 00030y dirts dve. '
TT31h - 01032 11 20000 00031 zng digit d.o.
S 02033 n mﬁ& ooo)h -i'gu.p erdcr o
77316 od03 .;?s mv ooou-- Vil
e e f_' umvt to orders
. 17380 - 01036 {.j_oo ooooa ooosz e



CONSOLIDATED VULTEE AIRCRAFT CORPORATION oy A <& ;
SAN DIEGO DIVISION %

77321 01037 00 00000 0001k 12. ; R s
77322 01040 00 00000 00006 "] _ il 12/1L/5
77323 01041 00 OOu61 15206 107

7732k 01042 © 00 00036 81100 106

77325 01043 00 00003 032k0 | 105

77326 010k4 00 00000 23L20 10l

17327 01045 00 00000 01750 * 143

71330 01046 00 00000 OOLkk 1o

77331 01047 00 00000 00012 10

77332 01050 00 00000 0000% 5

T7333 00015 16 01736 00013 l save exit address

77334 00016 121 00036 000TH dee + 1 ‘-; d.e.

77335 00017 1k 30003 20035  §i10—» N

77336 00020 1k 45003 10016) 104N : : .
77337 oooza (1h 45003 00025 1,x

TTSH0 00022 23 00036 00OTh d.e.-1 ~ d.e.

7731 00003 ' 1k 20003 20033 108 —¥ N

7732 0002k L5 00000 00024] ©  fump |

77343 00025 1k 51003 20035 FLOATING —% PIXED
T3 00026 16 00015 01736  restore exit

775 00027 L5 00000 01735  exit |

77346 ooobo 371730 50000 1 (adjusted for r@ding) _
77T 00031 23 77777 7540k 10 ‘(adjusted for rounding)
77350 00032 2k 00000 0000k 10

17351 01067 63 00000 00OKS . prototype order

76705 . 76703 70 77262 GES R e oy i :
, ; 52 PRINT SUBRCUTINE

77450 01000 11 000k2 00002 set protatyps

TIWS51 . 01001 b5 00000 01003 . Jup .

£ oo
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CHECkeED BY Se Lo Follanck

mopeL All
REVISED BY ' OATE 11 1%/H,

PLII-’-
Logarithm Subroutine
Comrand Codey 5.
Numter of Célls; 21

I Description ' >

'fhis command computes llo;r,e (x) and stores the result in y and R. A

polynomial aprroxjg is used which rives a maximum error of the order-
of 3 4 10.6-
& T art
LS
5y B g =
'Y < AR () g2
%' Qo ryr >
y X = ol Rt
- 18"", ‘ L‘h (7):(?")L’\1’L’\ (Xf,)
9ﬂv e >
ok : 8 -y f’ 4 7
4 ' ' . ‘ Ln'~(xu)= q‘,xliczx‘p..aéxa
' ("‘“c')'ﬁ# L - . ‘-;-:JJ
CRE I :

TIp’

| HemmALILEF
Fer

‘o )

(1) See sheet 56, Approxiuttm iﬂ Mxhul Annlylil a publicntion ot the
Rmd curponﬁcn : ,

>

e




76462
76463
76464
76465
76466
TEhE7
76h79
76 TL
T6k T2
T6AT3
76 TH

76475

76476
© . T6RTT

i

76303

76500
76505
76306
78501
| 01006 00 13056 ms7y

o / T —
CON’O('DAT(D VULTEE AIRCRAFTY CORPORAYION
SAN DIEGO DIVISION

7

5. L GART IHM SUBR‘ITINE

01000 36 B?)b'ri 00010
01001 13 00005 20000
01000 k2 00066 01025
01003 36 00066 00006
01004 " 54 00006 00001
01005 11 01022 01007
01006 11 ooo£o 00005

01007 121 ooooa@_oooo] :

01010 71 20000 00006
01011 54 20000 0004%
01012 11 20000 0000%

01013 21 mob'r 0007

ofots ke 01023 01__1_\ %}
01043 5 00005 00101
01026 71 00010 01026
02017 35 00005 00003
01020 11 00067 00010
m ks 00000 0102&" :
o10d2 1 00005 01027
01023 21 00003 01037
otoek 'u 00000 01721

prl —p p

L ARE iy}
Osi

b

01095 ‘}‘5 00@0 017’7; :lllm extt

41n2 ‘ @

Oiom n usao n o

L+ py-ln.a' — g}

o 4
exit -

" prototypes

snorm‘l'l "'-bxtt s

PAGE  Dlew@
REFORT No DM=L90

MODE.

oate 12//8L




Sond vy

|

&

76512
76513
7631k
76515
76316
76517

76920

T67C5

CONSOLIDA‘I’EO vug,‘rts Amcm\f T CoaponAﬂQN :

IDN DIEGO O Yi! HON

01030 01 11721 k16k2.
04031 Th 74607 TOTHE

01032 05 27266 02203

01033 70 2276k 23456
0103k 12 WML 37545

01035 €0 'ooéoa- 77320

01036 37 TITT4 20006

76705 37 76462 02400

85

Pl\-.ﬁ 9"- g

RE mw' w“?ﬂ

M(mw ¢ l

-
A
o
- (e
!
B
r.(' r
2 '
&
-
B
% “
A
s
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v

Sine “ommand Lodo:

Cosine Command Codes

I Description

%

Number of Cells: S1

These two commands compute the aine.or cosine of (x) and Storo it in
y and R. A polynomial approximation is udd(l) which rives a maximum srror !
of ‘the order of
of the nrmﬁt obscurea the result-, an alarm halt occm:s.- If the cosine
subroutin‘d; ies used, the sine aubrouti‘he must alsobe lﬁecif‘ied to the loader;
and if the loc-:tion of the .’f‘ire.f cell of the coatng subroutine is y,theat of tha

sine subroutine must be y 4 2.

A "‘ée'e._ih#d—_i lfz 'Approxintilam in l\-_pﬂml mzxsi:!'

FLIP
Sins and Cosine Subroutine

60
61

”

=5 + 1079, For arguments 80 Jarge that the roundoff error

LA

Rand Caorporation

s TR
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Tl Flow Chart

60 QO ¥ «

NE, )

x2*% A @] |

e '3
\ 27:_8_1)( )-—-JALARM 3

>
= FPeE K =W D

7 e e BT
el i

Sine and Cosine Subroutina

C B Y

_ —"b

A e
KS(X:O —3) Clea, L

1

A-h.xfr -’A ay

)

3 ey
fwiteh. g

o = P
“ -)tg.u']

& i

ok g @

(=2 e

o220 Crs ey Ty ) .

=30

X Py’ @l

Frir veo
INeR MALIT

|

Arqutnf = X% —}

b e Pﬂhhvt remainder
on "N!lnq b, 21

@_2 ‘l'(v‘«u‘vwl A '._'..r ?
Pepartiaf pdmonu(

(s Subseript on
htﬂ_mt\rs




CONSOLIOATEO VULTEE ACRCRAF+ CdRPORATlON

SAN DIEGO DIVISION RPAGE 60'3 .
‘ RFPORT NO “4490
61 COSINE SUBRTUTINE MODE L
vate  12/1,/9,
77852 01000 11 010%h 000OL TR -y, E
PLS3 01001 &5 00000 01003 Jump
7"“717. 76747 02 77452 00200 loader parameter
\ 60 SINE SUBROUTINE
7745k 01000 11 00040 0000k * (o —> t),
77455 01001 2% 00010 00056/ scx-27 —» 80CX
W56 01002 b6 01003 76045 ArazM?
' 01003 35 00053 20000 scx=27 + 5L —» A
| 0100k k6 01006 01007 Zoro Result?
77h61 01005 00 BOGOO 00036 30.
TTw62 01006 11 00040 00005 0 - x
77463 01007 36 01005 10000 8cx=27 +9,=30 —> Q,A

77w6k 01010 35 01050 01011
) / i x.z.cx
7765 01011 [11 00010 10000] bl o

TTh66 01012 b 01013 0101k ¥R

ThET 01013 11 20000 20000 0 —-——-7 L o
TIRT0 0101k T3 01060 10000 s — 1~ @
7471 01015 35 0000k 20000 { ;QY e

ITh72 01016 11 00066 GOOOL t+ Si9n
m.g 01017 b2 01052 01023 L
i 01020 55 0000k 00001 chanre sign t,

| TI7> 0021 36 0105120000 f-Tr »Y

TTT6 oioee b5 01057 61017 Jump ,

TN TT 0102 Sk 20000 000k3 .

TT00 010:\730105200005 }Yf‘/ﬁ il @
71501 - 01025 T1 00003 10000. : 5

7702 01026 5haoooeooot~5>. 2 o % ®)
77503 01027 naaooooooos_ S

= B,

\



- CONSOLIDATED VULTEE AIRCRA+ T CORPORAYION

B GIEEO D1y MIE : . i i i
77505 01031 15 010R2 01035 . o _, i i T
77506 01032 11 000kk 00010 L -» tally
‘ 71507 01033 [71 00007 00006 )
77510 0103 51*20000 000k5  x.Ftel 3P (@
" TIelL 01035 3% 01060 00Q07
77512 (1036 23 01035 00073 step 1§
77943 01037 41 00010 01033 | o

7754k 010LC 71 00007 0000% ‘.)

7916 01042 1120000 00005
71517 010k3 11 0Q0Ok 10000

oy L - check sign t!
77520 01044 kL 01045 010k6 )

77521 . 01045 13 00003 00005 -y .3y
77522 01046 11 00040 00010 o S e b
77523 0107 b3 00000 04721 !

7752k 01050 Sk 00005 24110 T Rte
7525 01051 1h 14476 65200 r @
71526 01052 06 22077 3250k. e (32)
77527 01053 31 10575 52202 &

77330 OL0% 63 52420 TEMSZ. ’ .

77531 01055 o1 21h6§ 25731 %

77532 010% 77 73155 k636 .

77833 01057 00 00117 32757 O £
TSR 0060 3110373 SR 2% ()

- .
76715 76713 61 TSk 04700 loader paramster

o
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T

PAGE G2-1 -
REPORT NO 1. =L@¢

MODEL  All
oaTe 11 15/8:

AP

Aro Taneent and Arc Cotanpent Subroutine

Ar~ Tancent Cormand Code:

62
ok

Num-ar of

Ar~ Co*angmnt Command Codes

Cellss

L7,

[}

Da crihtinn

These two C O

Ri. & 'wolyﬂmninl &

10 7.

(1)

fimation is used,

t/2 ir

must nlso be anecified to t he loader; and if the location of

o! the arctangent suhroutinze is y, that of the arc cotancent

he .\' - ?.

. compte tan~1X or cot™}X and store the result in y and
The error is of ihe order of_'

cotangent subroutine is used, the arctangent subroutine

the first cell

suirout n~ must
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CHECKED BY v

REVISED BY

" Pallack

MODEL Al
bare - 1100

II

Flow Cha

rt

Arc Tanysent and 4:c Cotanrent Subroutine

L -e' |

e = e’

S<X:'-’S:)k}

e T

e : 1
I\ SGX;U ll,l-""""""a(y -y Scx
fo s SR # —)X :
<« change O'2%
P
$=¥'_n#$o.x
(ko Wtfnipwi]
| % {
X2, )G |
= > ; 1(_-__,q__>’ ‘
o=»P
4% - .

Py (e =P
Paxit pip

s .

set stare R

A

NoRNALITE




76300
76301
76302
76303
76304
76305
76306
76307
76310
76311
76312
76313
76314
7631%
76316

6317

76320
76321
76322

76323

76324

76325

76326
76327
76330
76331

6332

01000
01001
01002
01003
01004
0100%
01006
01007
01010
01011
01012

01013

0101k

01015
01016
01017
01020

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGCO OIVISION :

1
23
"6
13
31
6
27
21
L6
11
35
[
7

1
11
15

62 Arc Tanpent Subroutine

00040
00010
01007
00010
00066

0000%

00010
01011
0000
010%k
00005
00005
20000
20000
000k 0
01033

01021 71 00010

01022
01023
0102k
oroes

- 01026
01027

01030

01031
01032

o4

20000

00006 )
00046 -

35 [o104] 00020 .
21 01023 00073
b2 0103 01021)

f?l 5 0
Sh 20000 000K

* 0012 0 —» 91

0007k Scx=1 —» Sex

01003 OtSc.x

00010 -Sex —> Sex

000k 2 :

00005 j"ﬁi’ gl |
00062 reverse S (1'72 @or zero)
010k3 Sex + 27 --» Sex

01012 : CiSex .

20000 0 —» Scx

01012‘7 L.pScx-2T L3RG
50055/ ) | ; frnk
10000 1) '

s 7 F 1.6

00010 | Q- =% P

04023 . 165" —p &

P-.(;?Q -r'éi e P <::>

i-2 —> 1

don‘o?v :

Q’;é;;.g

PAGE 62=3
RLPORT N0 2090

MQODEL

onre 12/Af5




76333
7633k
76335
76336
76337
76340
76341
76362
76343
7634k
76345
76346

TE3MT -

76350

76351 .
763%2

763%3

76354 -
" 76TRA

76356

76357

ety

01033

01034
01035
01036
01037
01040
010k1

01042
01043

O10kk

-010b5

01046
0107

01030

01051
01052
01053
0105

76721

01000

01001

CONSOUIDATED VULTEE AIRCRAFT CORPORATION -

$AN DIEGO DIVISION

00 0404k 00000
35 01054 00000
ks 01036 01037
13 20000 20000
36 00005 0000% »
11 00074 00010
16 00013 0173k

v 650065‘
00 4613 12163
76 15376 17035
03 05357 57500
T3 43116 35123
06 30402 L9%53
63 25317 10166
37 TTTTT 23166

|

ﬂooooﬁooojs-

55 76300 03600

cons*ants

Osx!

-Gl i o |
T =9
1 —>» 8cx
aetkcrdar

exit

27-

%81 e
prototvpe order

* <loader bcrn_metor

63 ARC COTANGENT SUBROUTINE

11 00062 00012

b, ooooo 01003

02 76356 00200 LS.udor’p;rnnqm' Tanid

T'/2](@ SRR

o Sump

PAGE &4)
REPORT NU  ZM=4i90

MODEL

cate 12744/
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o > FLIP

Exponential Subroutine
Command Code; 70 '
Fuber of Cells: 2§
I  Descriptiom
This command éomputu the exponential of (x) and l’toro-l it in y end R,
Full acouracy is obtained by a power series. For'.vnluea of (x) > &, an

alarm halt ocours. e > is cbtained by computing e** and reciprecating.

IT Flow Chart

< .-y

- ! L

! - s
Store _{ 2ere Resuft
70 Ovdevs n? ! 5 : ;;,_ B i S L
0 r'”‘f""‘wci j 1T r e —> /,"‘ R
4 it : Ay
< . ! 2
edn Gl VIR
:1—»\ Koo, . _
/! i e 3
’—_____L_A =g l n- \ <
. eseRg ‘ Sl N _
L,'o' Y ALARM e < | s :

ke L EX /T

> Sy M St
Set .Vd:\:‘-! Shifr e,“r } . : ’
)g PR L and Steve - 4 4— s
~-% ~¥ X . oddyesses | : o
B vk o ' ik

Replace ¢x ¢t and
store addvexyes

L

Stove
~EYI,




CONSOLIDATED VULTEE AIRCRAFT CORPORATION et 70.2

if& DIEGD Cw‘sv-)bf - " 2 :' O szJ%
: e 12/1L/8
o 70 EXYONENTIAL S'5R UTINE . :

76360 01000 11 000C5 00C37T x _ t3s

76361 01001 36 00067 10000 sex - 7 — @

70362 20000 - X —>» A

76363 01030 scx-7 ¢+ O

76364 01006

set up temporary crders
T€ 365 00015
7€366 01010 -
preset variables
76367 ik 00026 .
MELIWE
76370 01010 L7 01011 01013 x10
76371 01011 11 01027 00023 set order 1 _s» R
4 7 )

76372 01012 27 00037 01772 -X —m»X
7€393 01013 TS5 30003 00016

o ; shift addresses
7637k 0101k 16 01734 00034 :

75379 00015 (14 00003 10030 a+l = n

76376 00016 1k 32003 00037 )

. X T o
6377 00017 14 21002 60026 } el

76400 00020 14 00002 60027 p 4+ iy SR
76401 00021 1u.07002 70026 ) |T/a| 227
T640R 00022 W7 00015 00023 } ,

76403 00023 [11 00027 20000] 5 4 g

76W0L 0002k TS 30003 0173k } o

' 4 A
76405 © 00025 16 0003k 0173k shift addresses, EXIT

| 76406 01026 20 Q0000 00001 1
76407 . 01027 .1b 32002 7003 1/p —» R
| n . 7610 01030 W7 01607 TEORS 0 i
| ‘e

76735 76735 31 76360 01200 Leader parareter
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i

II

T

Trace Subroutine

Command Code: T7
Number of Céllss 26

Description

The trace routine operates in <wo phﬁ#ea.. Phase I operates concurrently
with the runnin; of the routine tei-¢ tested ngd s tores infermation on Magnetic
Tape 2 {NT2)., Phase II operates sepsrately from the routine Leing tested. It
reads the information which was stored by Phase I on MT2, processes it and
pi:nchea a piper tape output. Ihe content of ES willlte automatlcally restored
after this phase.

Phase 1 -

The trace subroutine must be specified to the loader. Its "cnmmand code®
for this purbose‘il 1 SR requires 26 cells. When loaded, it will operats
whenever MJ1 is on. The MJ instruction is in cell 01735, This subroutine uses
c;lls 7L000 to 7L0L1 as temporaries., - : : o

Phase 2

This operation uses ’1-:he “S and cell LOOCO but will restore ‘oth when
completed, Its operating instructi-ns are: = 7

l. Set PAK to 77600. Press Start. The 1103 printe oét fRewiﬁd
MT2" and halts.

2. After rewinding WI2, sart. (if PAR was disturbed, sst it to LOOOO).
The routins wili search t he taps for the dntl,t.hon.procoss it one
block at a tire. The nutpu£ is punched on paper tape., The end of
data will b§ epparent when the routine searches MT2 without punche=
ing peper ﬁgpo. Halte

- 3, To continue tﬁo pro-lem, nﬁ PAK to LOOOO and start. The 1103 will
re‘ltOr;'i:é and Lo OOmd halt with a 5¢ 00000 LOOOO command.

AR AEAR -8
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: IV Output
The trace routine output prints a 32 dirit line for each FLIP instruction.

If a jump occurs, either an erroneous line appears or no line at all. °ome
FLIP subreutine commands include FLIP bacic commands.. These will appear as
extra lines b;t‘ore t he FLIP subroutine command line, The lines have the forms.
AAAA OP xxxX Yyyyy  *4.999999 2 PP .
where AAAA is the last four dieits orrf‘ the address of the instryction.
OP {8 the command code.
xxxx is.the basic x sdgress.
yyyy iz the ﬁaaic y address.
The result of the operation, in floating decimal form, is qA° 10P ;vhero
1 §€ q@ ¢ 10 Some of the FLIP zl\i‘:routiine commands Ao not leavg their result
0 in Re For these, the result, q °* 10P will be orr‘onooul.
In order to avoid confusion when several problems are traced using the -
same magnetic tape, Thase I overwrites the trace information ai. it de .

processed,
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*low Chart', Fhase I : -

———— — —

(Tace sxir ]

i _ v

B e 3
‘Rarr | _ sihs
' w-—"T A ¢ 3 variuble erit prostored
} te 1 ‘1 Io.'dey
:A;\ : .
~ = 'i A: addyess af command
4 3 ¢
/\ . ,\ " I‘ C = ("’\H\a'nd .
Ay o e ol _ ‘
ot L ot ha i ra:iregy it i
Iset ardevs redevmy i :
i Te batic code ! S ‘ 4
) imdhex ot Stovaqe
2P _j :
A 2 ! ,T;- Lg(q"",‘\ \F'P\ 7“909‘77577
; = e jad Corre & J¢ Trace
EXiT Adavess less £ 9 A A erCIpen 5 A >
- o . location tn B
(A) q‘- A . . ! T
AT, r 25,450, Siea. ' ,
It3ay
R 7
o : _
(3 : store Trace Routire -9‘\-: ‘ »
Soics “h > ES. : ik ¥
Piiat i $gy "#ITE ,
Restore Tvare -ﬁe.‘
!Fup ci.rl N
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Se? ey * . Lesdev
k>ad thy voatine #FS
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76521

76522

76523 .

76524
76525
76526
76527
76530
76531
76532
76533
76534
76535
76536
76537
76540
765kl
76582
76543

. 765k

TE5kS

7646

TE5L T

76550

76531
765%

76733

01000
01001

01002

0100k
01005
01006
01007
01210
01011
01012
01013
0101k

01015

-01016

01017
01020

01021

01022

01023

0102k

05

01026

0107
01031

76793

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

57 01000 [p1023

77 PEASE I of TRACE

11 20000 0102%

31 [o1736] 00017 )

01003 23 20000 00073 ?-

11 20000 01023 )

15 20000 01006

11{30000] 0102%

65
75
1
15
75

1
14 01023 7.037

00
11

30003

01010
01026
01027
30036
01000
30036
Th001

30036
75000
01031
10080
000L0

00000

01025
45 01736 01736

01011

01023 [T8001]

000k 3
01030
01010
01016
75000
75020
01000

01000

01030

01000

01002

01001

74001

THOOL

2000

32 76521 03100

~

f

J

2 —>» 1

stcre R

exit address — A

R e ¢

store A, I, R on dp -

8 tep
done?

restore

place es on MD

plﬁcc information in ES
print on M T A2

raétoro ES

set order :

clear tamporarioi

ccnstants

" restore R

exit

" loader Parameter

Pace Tl=5
REPORT NO THw90
MODE!

oate 12/1,/8),



77600

71601
77602
77603
7760k
77605
77606
77607
77610
77611
77612
T7€13
7614
77615
77616
77617
77620
77621
17622

77623

7624
77625
T7626
77687

T7630

7631

7632
77633

CONSOLIDATED VULTEE AIRCRAFT (ORPORATION

SAN DIEGO DIVISION

PIASE I¥ of TRACE

00117 11 L0000 71000
00120 75 31777 77673

00121 11 00001 74001
00122 53 00000 01300

00123 00 00000 00000
0042k k%5 00000 00215
00125 .37 00200 00201
00126 L% 12203 11406
00127 .22 Ok470 70157
00130 7k L3000 00000

00131 00 00000 00000

00132 11 00124 L0000
00133 45 00000 76575
oo (67 20010 00000
00135 15 00172 00137
00136 75 30003 OO}bO

00137 1100700 Joocao

00140 11 00021 20000
001h1 42 00170 001k3

001h2 L2 00171 00146
00143 21 00137 00OT3
001kk 42 00173 00136
001k5 3 00000 0022
00146 2100137 00ATH
00147 63 00000 000k

00150 55 00020 00011

00151 570(45600137

00152 35 00021 00006

store 10,000

store E.S.

Loader parameters

return from loader

print flex characters
Flex characters

preset 10,000
enter loader
back tape

preset order
pickup" A;L,R
Test I

Step by one

done?

.Jvnp

Step by three

punch aurriaro rotﬁrn
lﬁift‘l by % octnlt
pugch A

shift C

A 77./_;

HE & 33

L 290

SEITE

A TE

12/1./5,



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 777
% SAN DIEGO DIVISION £
Rt FORY N

IN-1:30

MBDFE L
; \ : oate 12/11./9,
7634 00153 11 00074 00006 1 —» tally

'o 77635 00154 37 00166 00160 = punch operation
: T7636 00135 37 00166 00157 . punch x
TI637 00156 45 00000 OO175  jump

TT640 00157 11 OOOk3 00006 3 -3 tally SUBROUTINE FOR
' 7641 00160 [55 10000 00003 gyrpr PR
77682 00161 51 00067 20000 X- TRACT DIGIT
TI643 00162 35 00167 00183 met order
7764k 00163 (00 00000 00000  puneh diptt
77685 0016k L1 00006 00160 |  Index
TT646 © 00165 63 00000 000kk  punch mpace
T7687 00166 LS 00000 00000. exit
7765 00167 63 00000 00043 prototyps order
' ® 77651 00170 13 TTTTT TTTTT )
77652 00171 1% TTTIT TTTIT |
¥ 77653 00172 00 0GTO0 00000 \_ gonstants ‘
‘ TI6Sh 00173 11 01275 00000 |
TI655 0017k 00 00003 00000
T16% 00175 37 00166 00157  punch v
TT657 00176 1h 33002 20000 pumch r
77660 OOAT7 W% 00000 00136 iy
77661 ooeoo 45 00000000007} ofnw_w SUBRUTINE F'R !
© o rmeee - ooeon 31 00200 00017 ek
. ek 00202 15 20000 OOQOb set order :
L 7766 00203 21 00200 000TH gtap
77665 - 0020k 51°°°°° °°°“* Werd —» L
778661 00205 b7 0006 00200  done? -4




DR S €

| o 77671

77672
77673
77678
675
77676

T7677.

i Tr701

E- 700
L 77703
| T7T704
o e

? ‘:) TT706:

00211
00242

o016
00217

00223

00224

-

- '. N "o e o -
CONSOLIDAYED VULTEE AIRCRAFT CORPORA‘!LN PAGE -r'a

27 000k 000LO
AT 00206} 00201
11 77603 00010
75 30200 00125
117760590122

37 L0000 00225

78 31777 77701
11 74001 00001

11 74000 40000 -
56 00000 L0000 .

65 20010 00300

64 20010 00700
75 10400 00134

11 0000 Q0300

SAN DIEGO DIVISION (
¢ REFPORT NO m;”

MODE L

oaTe 12/AL/SL

clear R
. done?

set exit of loader

} put phase II into E.S.

set LO,000 for restoratiom

;L restore ES

‘restore L0,000
halt
print over old date

read new data

)

store geros for pitltllg

™
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ti
i
i
d ¥
|
0. o B
W 41 a
\ _a. se
v P %
4 &

A R




A MAGNETIC TAPE INTERPRETIVE ROUTINE
WTAPEWORM®

"Tapeworm" is a routine for controlling the operation of the
Uniservos on the Univac Scientific, Model 1103A. It is an
interpretive routine which permits a programmer to specify
with a single Interpret instruction a read, write, move, or
rewind operation. This routine includes provision for re-
reading a block in case of a parity check failure and auto-
matic selection of the writing mode according to the
peripheral equipment for which the tape is intended.

e t

Use of the Interpret instruction provides a convenient means
of referencing magnetic tape subroutines, Because of the
availability of 10 octal digits in the instruction for the
storage of parameters, any of the Uniservo operations may be
specified with a single word, The form of the Interpret
instruction for the operations of reading, writing, moving and
rewinding is given below. Here each character represents an
octal digit of the instructiocn,

a, IP OP -B UU SSS8 for reading tape
b. IP OP 4B UU SSSS for writing tape
c. IP OP -- UU BBBB for moving tape

d. IP OP 4~ UU ——— for rewinding tape

These Interpret instructions apecify magnetic tape operaticns
as follows:

e, Readipng Tape: IP OP -B UU 8SSS
IP = 14

CP = 01 For reading foreward

05 For reading backward

B= the number of blocks (not words)
to be read

g

the Uniservo involved

88588 = the address in Rapid Access
Storage of the first cell to be
read into




A MAGNETIC TAPE INTERPRETIVE ROUTINE "TAPEWORM®

b.

C.

Hriting Tape:

ovin

H

IP OP 4B
IP = 14
OP = 03
ar=

SS588

UU 8ssS

the code number as given below of
the peripheral equipment for which
the tape is intended

the number of blocks (not words)
to be written

the Uniservo involved
the address in Rapid Access Stor-

age of the first cell to be read
from

The following code numbers are used for 4A:

a =0

=1
2
3

=4
=25

1103 A internal
High Speed Printer
Uniprinter

Magnetic Tape-to-Punched-Card Con-
verter

Unitape-tc-Teletape Converter

Unitape Transmission

Tapes prepared for the Unitape-to-Teletape

Converter

may be used for Unitape Tranamission

and conversely. Any tapes may be read into

the 11C3A,

IP OP -- UU BBEBB

IP = 14

OP = 02 for moving foreward

g
]

06 for moving backward

the Uniservo involved

= the number of blocks to be moved
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d. Rewinding: IP OP A= UU ——m—e

IP = 1L
OP = 04
A = 1 1if interlock is desired
= 0 if interlock is not desired
U = the Uniservo involved

Digits denoted by a dash may be filled with anything. A maxi-
mum of seven blocks may be written or read with a single
Interpret instruction but the tape may be moved as many as
7777 blocks, Note that the block number for moving is in a
different position than the block number for reading or writ-

ing.

In reading backward, the first word goes into SSSS and the
second into address 8SS - 1; in reading foreward the second
word goes into address SSSS + 1.

After a block is read from magnetic tape, the contents of ICA
are examined to see if a parity check failure has occurred, If
there is no failure, the next block is read in without stopping
the tape, If there is a failure, the reread subroutine is
entered. This subroutine performs successive rereads of the
block, reversing the direction of the read after each failure.
In case the direction of the original read is foreward, the
rereads are performed in the following sequence:

1. read backward, normal bias
2. read foreward, high bias
3. read backward, high bias
4. read foreward, low bias
5. read backward, low bias

After each reread, the parity check indicator is tested. If
the reread has been successful, the tape is positioned at the
end of the block, the bias returned tc normal, and the next
block read, If a reread fails, the next rersad in the sequence
is performed, Should the entire sequence be executed without

a successful reading of the block, the computer is stopped. A
restart of the computer will continue with the reading of the
next block . !
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Beferences to Tapeworm

When an Interpret instruction at address y is executed, y + 1
is inserted in the U-address of F; and the next instruction is
obtained from F,, F; must contain a manual Jump instruction
which provides the exit from Tapeworm to the next instruction
of the main program at address y + 1, F, must contain a manual
Jump to the entrance of Tapeworm,

The first eight instructions of Tapeworm detect whether an
Interpret instruction is referring to this magnetic tape inter-
pretive routine or to some other interpretive routine used by
the same program, With the Interpret instruction of the form

IP OP XXXX XXXX,

if 0C< OP< 07 it is assumed the Interpret instruction refers to
Tapeworm. Two exits are provided, one for OP = OO0 and the
other for OP>07, If a program refers to interpretive routines
other than Tapeworm, these exits may lead to the other inter-
pretive routines. . If no other interpretive routines are used,
the first eight instructions of Tapeworm may be omitted.

Tapeworm occupies 149 cells of Rapid Access Storage., Of
these, the parity check test and reread routine occupy 50;q
cells; 8 cells are used to determine if an Interpret instruc-
tion refers to Tapeworm.

For a reading or writing operation there is approximately one
millisecond between execution of the Interpret instruction
which specifies the Uniservo operation and the External Function
instruction which initiates the operation., This time is in-
creased to 1.25 milliseconds if it is necessary to identify the
interpretive routine being referred to,

If absclute addresses are assigned to Tapeworm, starting with
by = 01000, it is assembly modifiable.

In case Tapeworm is interrupted during operation, it must be
again transferred into Rapid Access Storage in order to operate

4
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correctly the next time it is used. If Tapeworm stops after an
unsuccessful reread, it will reset itself if and only if it is
restarted without any changes in the computer controls,
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=
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MAGNETIC TAPE INTERPRETIVE ROUTINE

Tapeworm
REGION REGIORAL INSTRUCTION REMARKS
ADDRESS
Region B: bl fpx § 0 17 IP instruction =) A; 1left shift 15
Selects
Uniservo 36 cl a subtract 1 from u-address
Interpretive
Routine 15 a b2 address of IP -3 u of b2
b2 1 yl vl IP instruction -3 vi
11 vi a IP instruction -> a
k2 c2 exit 1 Uniservo instruction? yes =5 ai
L2 c3 a too small - exit 1
45 exit 2 too large -» exit 2
Region D: dai 1 ch q mask -» q
Set
Parameters; 55 vl v2 uu + s88s ( or bbbb) - V2
Select
Uniservo 1 c5 q mask -» g
Operation
53 v2 hh ssss - v address for EW or ER
5 V1 3h Right shift IP by 8
53 c6 v2 OP code — v2
55 vi al 2nd octal digit of OP code to left end
bl a2 vl Back or rewind? yes -—>» 42
no - wvi
a2 bl a7 a3 Read back or rewind -» 43
Move back = 47
a3 Lk ri dak Read back — ri

Rewind - ak
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MAGNETIC TAPE INTERPRETIVE ROUTINE

Tapeworm

REGION REGIONAL INSTRUCTION
ADDRESS

ak 11 c8 vi

55 q 2

hy as daé

~as 55 vl i

daé 55 c6 q boO

53 v2 vl

31 cl 20

35 vi v2

a7 17 v2

0 15 c9 ve

Region Wi
Set up to wi bl w2 r2
write
w2 Ly w3 a7
w3 114 cio a

bl wh )

wh 5k a 20
45 w9
w5 LY w6 w7

o w6 S5k a 10

Rewind digit — vi
Ini:erlock.P yes = 45
no -5 db6

Set IOBR-- IOBEs for rewind
. with interlock

Insert uu

Rewind IOB word — v2
Uniservo selection for move and
rewind

Clear digits in v2

Exit

Move foreward or write — w2
Read foreward -5 r2

Write -——= w3
Move foreward — 47

Bit pattern —5 a

Separate A O=hor 5 - wh
B=0- 33 w5

Left shift 16 (4 groups)

Bhift

write
OL=20r 3 > wb :it:
OA=0o0rl1 - w7 °
Left shift 8 (2 groups) F




MAGNETIC TAPE INTERPRETIVE ROUTINE

Tapeworm
REGION REGIONAL INSTRUCTION REMARKS
ADDRESS i
w7 Ll w8 w9 A=1-> w8
L=0-—= w9
w8 54 a h Left shift 1 group
w9 55 c6 q 2 Set mask for write bits
Region H, 53 a ve Write bits = v2
Read / Write hil 55 vi q 11 Number of blocks —» v add. of g
o1 c7 vi Number of blocks =5 vi
47 h2 b5 Read (write) O blocks’ yes —> h5
no - h2
h2 17 v2 Start tape writing (reading)
23 vi  ¢9  Set index for 2nd IJ
h3 11 ci1 v3 Set index for 1st IJ
h& 7] 10000 [ ssss | |
21 hk vh > Write (read) 1 block
L5 v3 hb
h5 ¥ vi [ n3] ) n blocks dome! no > h3 if writing

h7 if reading
23 vi c9

né L5 [ ru] yes = rh if writing
h7 if reading

h7 76 a Parity check OK®

n8 ¥3 <9 [ pi) Yes > h9 no > pl if 1st failure
p2 if previous failure

h9 21 vi c9

110 ¥ vi [ n3) A1l blocks read”

no -> h3 no previous failure
P9 previous failure

yes = hil




REGION

Region R:

Set up to
read

Region Ps

Parity-Error

Reread

MAGNETIC TAPE INTERPRETIVE ROUTINE

REGIONAL
ADDRESS

r2

r>

rhk

ri

p2

13

23

23
k5

E R R R

-
-3

55

Tapeworm
INSTRUCTION
L r3]

vh vk

hh  ¢13
h5 clk
hé6 cl5
hi
hk cl3
h5 clik
h6 cl5
c9 vh
c12
£1
hio c16
hi1 c18
| h8 17
c19 v5
ci2
vl vh
hb vk
vk q 22

REMARKS

All blocks are read :
no previous failure —» r3
previous failure — pi3

Change direction of read

EW — ER-

Insert Parity check

Set exit for Parity check
Go to read

ER - EW

Remove Parity check

Reset direction index
Stop tape

Exit

Set exits from ER

Reset bit formation
Stop tape

Change direction index

Line up direction bit with IOB

1%



MAGNETIC TAPE INTERPRETIVE ROUTINE

Tapevorm
o REGION REGIONAL INSTRUCTION REMARKS
ADDRESS
23 v2 q Change tape direction
21 vl c9 Reset block counter to offset hiO
11 v5 q Set bit sequence
11  c20 a Bias change instruction = a
4 p3 p8 1 change bias - p3
0 not change bias ->
P3 by Pk p6 1 lov and stop —> phk
O high -> pb
ph By pi1 p5 1 stop - pld
0low =5 p5
) 35 <9 p7
Modify p7 for bias change
r6 35 c9 p7
O p7 17 (c21-1) Change bias
p8 17 \ Start tape
11 q v5 Store parity check bit pattern
45 h3 Reread
P9 17 c23 Set bias to normal; stop
23 hio0 clé
23 ni1 ci8 Reset exits from ER
23 h8 17
11 v5 q Direction change and move needed "
by  plo h9 Yes — pl0; no -5 h9
pl0 13 vk vh
55 vk q 22 Change direction
23 v2 q
o 21 v2 c2h Change (v2)\2 - (v2)l6 toa2or 6
for moving

\ 55 ch q 1k Set mask in g




MAGNETIC TAPE INTERPRETIVE ROUTINE

Tapeworm
REGION REGIONAL INSTRUCTION
ADDRESS
55 ve vT
17 vT
T vé vh
35 hk hk
23 v2 c2h
17 v2
15 h9
rii 5 74 c23
23 hio0 c16
25 n11 c18
23 h8 cl7
21 vl c9
56 0 pi2
pl2 17 v2
L5 h5
pi3 23 vl c9
k5 P9
Constants

el 1
c2 14 01000 00000
c3 1k 07000 00000
ch 00 00001 TTTT7
c5 00 00000 OTTTT

1) 00 00036 00000

REMARKS

Move IOB word = V7

Move tape forward(back) 1 block
Words index 1121‘0 > a
Set hk for read

Reset IOB word for read
Continue reading

Set bias at normal and stop

Reset BR exits
Block counter = + 1
Stop

Start reading

Subtract 1 from index vi

u address modifier
test constants for other

IP instructions

Masks



mﬂxcmmmm

REGION REGIONAL
ADDRESS

e7
c8
c9
cl0

cld
cik
c15
c16

cl7
ci8

cl19
c20
c21
c22
c23
c2h

Variable Storage

R

v3
vh

R B 8 8 8 8 8

[N
9

8 B B8 B

8 8 B 8

Tapeworm

INSTRUCTION

00200

pl3-r3

c21-1
TO000:

00167

Rewind digit

v address nodif:!.er

Bit patterns for writing
Constant for index v3
Stop code

To change hli from #W to ER
Address increment for h5
Address increment for h6
Address increment for hi0
Address increment for h8
Address increment for hii
To reset v5

Bias change instruction
Bias code for high

Bias code for low

Bias code for normal

Forwvard - backward bit for v7

IP instruction; index; new digit
IOB word
Block index = 119 ,

[- 1 read back] direction change
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MAGNETIC TAPE INTERPRETIVE ROUTINE

REGION REGIONAL

v5
vé

vT

Tapeworm

INSTRUCTION REMARKS
23 16000 00000 Bit formation for IOA fault
00 00000 OOLTL Block size +1 =121
02 00000 00001 IOB word for move 1 block
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15 May 1957

Dear USE Members:

There is an error in the Square Root Floating Point USE Routine
issued by Remington Rand Univac in March 1956,

The error appears in the line labeled NOZERO, The correction
to the line NOZERO should read; TP A Q, and the line NOZERO +1
should ready QT B A 4129,

Previously the line NOZERO ready TP A Q +201. The first error :
here is that the 201 should have been written as decimal 129

instead of the octal 201, The second error is that with the

V Address reading as it did, the routine in effect always gave a
result with a I in the sign bit position. This is due to the

1103A Address assignment of 31,000 for Q.

This routine is presently being revised and rewritten and will
be resubmitted to USE shortly.

Very truly yours,

WS
W, E, McVicar
Executive Secretary, USE
Remington Rand Univac
Univec Park

St. Paul 16, Minn,

WEM:1ps
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IDENTIFICATION REF/, SQUARE ROOT-FLOATING POINT
L. R, Turper, L. B. Kennedy -+ Reviged 1 May 1957
Remington Rand Univac
PURPOSE
Given X, calculate Y(X) =vX', Flosting Point
METHOD '
a. Scaling of Argument: 1103A Floating Point Number.
b. Accuraey: |Y(X) -/X|<2"?7 in mentissa.
¢. Range of Argument: 2-128 <X < 2128
d. Derivation: an initiel approximation followed by three iterations,.
X = 3Xg + A/xg). Tha 1ine of coding, EVEN, is used by itself
as the constant A in forming the estimate, I(&50 = é—%-zg the
u address of EVEN line of coding msy have any value 00000 through
77777. The biased characteristic of 1 is part of the v address
of line NOZERO+1,
USAGE
a., Calling Sequence
1oc, oP, u ADDR, = .y ADDR,
¥ RJ t+2 t
r+l Normal Return
b. Control and Results
The argument, X, must be initially stored at location t+3 - and
the function Y(X) will be found at t+4, and in Ag.
c. Space Required
40 cells of instructions end constants

2 celle of working storage



s

. d. Error Codes ,
The following error code is left in the accumulator on return
through the error exit. ’
CODE EXPLANATION
RRF4 - 212 X is negative
5. RESTRICTIONS
Argument must be in 1103A floeting point number representation:
from left to right eign bit, eight bit biased (200b) characteristie,
and normalized twenty-seven bit mantissa., The initial contents of the
accumulator and Q-register are not restored at the completion of this
routine,
6. CODING INFORMATION

a. Constants

C LOCATION CONSTANT EXPLANATION
CODE ' 54 54310 70000 Negative argument error code
MASKM 00 o777 TTT7T7 Mantissa mask
MASKC 77 60000 00000 Charscteristic mask

b. Working Storago'

2 cells labeled E through E + 1
¢. Timing

2.9 ms. maximum

2.85 ms. average




. e
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REMINGTON RAND UNIVAC

ITEM NUMBER LoC . OP U v Comnments
‘ , SUB » RRF, ’ 40 3 $
. , TEMPS bo iR . - $
- , INOUT L - : 1 ; y $
, ENTRY y M WERIE , START , $
, ERROR _, RJ , DIAG +2 , ' DIAG , ERROR EXIT $
, EXIT ., M el s WL , SUCCESS EXIT $
- X , 00 , FILL y FILL ., FUNCTION $
y X , 00 , FILL , FILL , ARGUMENT $
, START - P ETN J A , ARGUMENT TO $
: , TP 5 R 5 , AAND Y $

o . y (83 , NOZERO , EXIT , ZERO TEST $
, NOZERO , TP o Ak : Q » XTOQ $
, , QT , MASKM , A +129 , MASK MANTISSA $
; , LIR , 8 y E , MANTISSA TO E $
’ y , NEG , NONEG , SIGN TEST $
, NEG , SP , COIE ; 0 , ERROR CODE TO A $
A , MJ , O , ERROR , TO ALARM EXIT $
, NONEG - OF s MASKC ) A , FORM $
. , LIL , 8 , A , AND $
. , SA . , NOZERO + 1, 0 , STORE $
. L LY | . 35 , CHARACTERISTIC $
. , LR ,y 2 : Y » N Y $

C | ; , 87 , ODD , EVEN , PARITY TEST $
s ODD y 1Q sy E ) 1 ’ 3
s EVEN , SP , EVEN : 1 , FORM AND $




ITEM NUMBER

LOC

CODE
MASKM

MASKC

oP

LTL
SP
v
AT

SP

DV
AT
SP

DV
LTL
TP
Qs

B54

B77:
ENDSUB

CODED BY_Turner end KeppedyDATE_ ] May 1957 (Rev.)

U

31

E+1
E+1

E+1
B+1

E+1
E+1
28

PAGE__ & OF__ &

PROBLEM

COMMENTS

, STORE $
, ESTIMATE $
0 3 ¢
, 1ST ITERATION $
. $
’ : ¢
, 2ND ITERATION $
’ $
. $
, 38D ITERATION  $
’ AR
, MANTISSA TO E $
, MASK TO Q $
, PACK UP Y $
v $
, ERROR CODE $
, MANTISSA MASK ¢
, CHARACTERISTIC  MASK$

$

’
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PROGRAM WRITE-UP
1. IDENTIFICATION SQUARE ROOT, STATED POINT
| A. E. ROBERTS, JR., M. D. BERNICK-MARCH, 1956
REMINGTON-RAND UNIVAC
2. PURPOSE

Given x, this program calculates the square root of x.

3. METHOD

a. Accuracy: |/_— F( X) |<2"?’3
b. Range of argument: 0<x-233< 271
c. If 1£x<2, then for suitable a, b, ¢ and d,
y=a(x+d)+b - _ ¢ is an approximation of v/x.
(x+d)
One application of the Newton-Raphson Formula with proper round-off bias
gives.essentially 33-bit accuracy.
4. USAGE
a. Calling Sequence

LOC, OP. u ADDR. v ADDR, ,

r RJ t+2 t
r+1 Normal return
b. Control and results
The.argument is to be placed in the Accumulator and the function will
be found in the Accumulator on return through the success exit. The
argument is stored at t+3 and t+5 and the results at t+6 by the program,
c. Space Required

39 words including constants and working space.




d. Error Codes

These are left in the Accumulator on return through the error exit.

CODE EXPLANATION
‘ 243512001001 X is negative

5. RESTRICTIONS

6. CODING INFORMATION
a, Cdnstants: 10 locations
b. Working Storage: 4 locations

c. Timing: 3.00 ms max.
2.14 ms min,




SQUARE ROOT, STATED POINT

A. E. ROBERTS, JR., M..D. BERNICK-MARCH, 1956

SPERRY -RAND, INC.

LOCATION OPERATION u ADDRESS v_ADDRESS
ENTRY . MJ ) 'START
ERROR RJ DIAG+2 DIAG
EXIT MJ ) FILL

X FILL FILL FILL
X1 FILL FILL FILL
Y FILL FILL FILL
START LT ¢ X
LT1 g X1
SJ ERROR1 NONEG
NONEG ZJ NOZERO EXIT
NOZERO SF A STORE
Sp A ¢
TP A STORE1
SA B 18
LT ¢ STORE2
MP Bl STORE3
AT B2 STORE4
SN B3 15
DV STORE2 A
AT  STORE3 STORE
SP  STOREIL 32
SS  STORE2 )

EXPLANATION
Jump to the body of the program
Error exit to diagnostic routine
Success Exit
Most significant part of argument
Least significant part of argument
Function
Store MSP of argument
Store L.S.P. of argument
Y Neg.
Y Zero
Scale Factor
(AD=0; (Ag)=N; 234 N<23®
Store N

(N+D) + 218-F > ag

Store F

A.F —>Ap

Store A-F+B

<219

(-L-2') + F = 6>
Store AF+B-G=Y;
N.232 >

N-232 _y, »>p




LOCATION OPERATION u ADDRESS v ADDRESS
DV STORE2 A
AT STORE2 STORE2:
L0 STORE 35
QT B6 A
v A RIFT
TP DONE PROG
TP DONE1 PROG1
TJ B4 NOSCAR
P SCAR PROG
TP SCAR1 PROG1
NOSCAR QJ RIFT KEVEN
KEVEN MP B5 STORE2
SA B7 1
LT @ STOREL
RIFT SP STORE2 FILL
PROG FILL FILL FILL
PROGI ! FILL FiLL- FILL
DONE TP A Y
DONE] i MJ 0 EXIT
SCAR SA B8 ¢
SCAR1 LT ) A
ERROR1 SP CODE 1)
MJ ) ERROR
B B 264767031361
Bl JB 65324

EXPLANATION

32
(N.2°¢ ¢ Yl) - 1>Ag
Store (N.232 + Y)) - 1+Y,=Y,
KO—>Q35; K6'--K1—>Q5"°‘QO
Set up V portion of shift
Set PROG for storage of result
Set PROG 1 for jump to exit
(KKy) + 2 <19, jump

Reset for scale and round

K odd, jump
234/2- Y, >A

1/2/2: Y9+ 1/2 = Ag

~ 217\/N~Zk0'1 for k even
217 /N,2k-l -

K< 37; exit

K >37; round & scale down

Store results

Jump to exit

Instruction for round and scale
down

Error code into AR

D=24, 290, 062, 513

A=27, 349



LOCATION OPERATION u ADDRESS v_ADDRESS EXPLANATION

B2 B 114534644516 B=10, 291, 988, 814
B3 B 330657140271 C=29, 104, 062, 651
B4 B 23 TJ constant
B5 B 265011714640 24, 296, 004, 000
B6 B 77 Mask for scale factor
B7 B 200000000000 o34
B8 B 377T7TTTTTTT77 233
CODE B 243512001001
STORE ) ) FILL
STOREL FILL FILL FILL
STORE2 FILL FILL FILL

STORE3 FILL FILL FILL

il
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PROGRAM WRITE-UP

1. IDENTIFICATION  SINE x, STATED POINT
A. E. ROBERTS, JR., M. D. BERNICK - MARCH, 1956
REMINGTON RAND UNIVAC

2. PURPOSE

Given x, this program computes Sine x.

3. METHOD

a. Accuracy
b. Range of argument: |x| - 232< 271

¢. Derivation is obtained from

T o T
sin5 x = 1-2 sin® 7 (x-1)

m
sin"z n

Polynomial approximation for as a function of

n
(-n)2 for -1 n<1 1is derived from the Chebyshev expansion:

g
m
singx =2 2 (-1K 3o+ D) Top_y (x).
4 2 2k-1 @ Tog-)

2

x is entered and multiplied by - So that

;%x = y. The routine then computes

A :
sin oy = sin x.

4. USAGE

a. Calling Sequence - Standard.

b. Control and results
The argument is to be placed in the accumulator; the function will
be found in the accumulator upon completion of the routine. The
routine also stores the argument in t+3 and t+4 and the function in
57

c. Space required: 54 words including constants and working storage.

d. Error codes - none,




5-

6.

RESTRICT IONS

CODING INFORMATION
a. Constants: 12 locations.
b. Working Storage: 1 location,

c. Timing




' SINE x, STATED POINT
A. E., HROBERTS, JR, M. D, BERNICK - MARCH, 1956

REMINGION RAND UNIVAC

LOCATION OPERATION u ADDRESS v ADDRESS EXPLANATION
ENTRY MJ ) START Jump to body of program
ERROR RJ DIAG+2 DIAG- Error exit to diagnostic routine
EXIT MJ p FILL Success exit
X FILL FILL FILL Most significant part of argument
X1 FILL FILL FILL Least significant part of argument
‘ Y FILL FILL FILL Function
| START LT [ X Store M,S.P. of argument
LT1 ) X1 Store L.S.P. of argument
DV B 0 R-2%2,A; O<R<27
O MP A Bl R-2 .267 = g-2%7, 4
LT 3 Q R;-234,9
TP PRO PRO1 Set PROl for positive function
QJ NEG POS Test for positive or negative functio
J NEG TP PRO2 PRO1 Reset PROl for negative function
| POS QT B2 A Extract 239. (x mod 1)=239x*»Ay
| 03  20R4 1083 Test for quadrant
10R3 SS B3 ) | sin -gx |=cos772 (x%-1)- (x*-1)-235>7
I 20R4 NP A Q 270 (x#-1)2 > A
o - ’ Round & scale down [234(x*-1)2+1/2]
LT 9 A
N A STORE -[234(x5-1)2+1/2 | =N->SToRE
TU PRO2 PRO3 Set u address of PRO3 for i=0




-

‘ LOCATION OPERATION uADDRESS vADDRESS EXPLANAT ION
P B4 Q Ag4=>Q, Ag = Pg
PRO4 MP 0 STORE ~ With P; in Q, i=0,1,2,3; -N.Pj > A
SA B3 p
Round & scale down [—N-Pi-2’36+1/2]->AR
LT () A
PRO3 AT FILL Q [A3_1—N-Pi-2'36+1/2] =Pi+1 = Q
RA PRO3 B5 i+l i in PRO3
TJ PRO5 PRO4  Test end point
- 2
MP Q Q Pg (23 singy)+ y in Q-P4% > A
SA B3 U
Round & scale down 2‘36P42+1/2 Ag
LT ) A
v
MP A STO RE —[2'36942+1/2] N~ -208 5in2 Zy > A
-33 ¢in2 T
SS B6 37 Round & scale downa -2 sin®—3y > Ag
2 m
O PRO ™ A A ~232 2 sin? 4y >4
m
ST B7 A ~232 (2 sin2 Zy-1) > A
PRO1 FILL FILL FILL For + function complement A
PRO6 TP A Y Store function
MJ () EXIT Jump to exit
PRO2 MJ B8 PRO6 for - function, don’t complement A
PROS AT B6 Q End point test threshold.
B2 B 3TTTTTTTT774 Mask for (Q34 + - + Q2)
B3 B 400000000000 985
B4 B 12265046 Ag4 = 2,714,150
B8 B 462621024 A3 = 80,421,396
B 12146566440 A2 = 1,369,107,744
B 122535716221 A} = 11,097,578,641




LOCATION OPERATION uADDRESS vADDRESS

B6
B7
B5

Bl

STORE

B 311037552420
B 200000000000
B 40000000000
B 100000
B 311037552421
B 242763015554
. FILL FILL FILL

EXPLANATION

Ag = 26,986,075,408
934
432

Advance of u
2T X 232
2/ X 2395



2.

3.

IDENTIFICATION RRF2, ARCTAN X STATED POINT
P. Johnson, M, Bernick - Revigsed 15 Msy 1957
Remington Rand Univac

PURPOSE

Given X, Compute Y(X) = arctan X

METHOD
a. Accuracy: [Y(X) - greten X| < 2725
b. Range of Argument: [X[%1
o.  Sealing: X * 273, y(x) « 233
d. Derivag;onx Y(X) is computed using the polynomial approximation
Y(X)ﬂzil Coss1 = given in Rand Sheet No. 13.
USAGE
a. Calling Sequence
Loc, oP, U_ADDR, V_ADDR,
T RJ t 4+ 2 t
r+l Normal Return
b. Control and Results
The argument, X, must be initially stored a£ t+43 the result,.
Y(X), will be found at t+3, and in Ap.
c. Space Required
54 cells of instructions and constants
1 cell of working storage
d. Error Codes

The following error codes are left in the accumulator on return
through the error exit.

CODE EZXPLANATION

RRF2 » 212 4+ 1 X s=1

RRF2 * 2%2 4 2 X>1




5.

RESTRICTIONS

-2-

REV.
5/15/57

The argument must be in radians, within the stated range, arnd

scaled 233.

CODING INFORMATION

8,

b.

Ce

Constants

Loc
B

Bl
B2
B3
B
B5
B6
B7
B8
B9
B10
CODE
CODE 1

Working Space

1 cell labeled STORE

Timing

Average 3.19 mls.

Maximum 3.2 mls,

ONSTANT
17T
100000000001
040000000000
573120142744
263054507277
432774360726

305357575005

561447164514
314201226657
525263620355
377777723167
545431050001
545431050002

EXPLANATIO
Iower limit on X: -233

Upper limit on X: 233 41

232 for rounding

Cyg + 242
40

C13 « 2

C.y o 229

. 238

11
Co

Error code for X <1

Error code for X>1




' REMINGTON RAND UNIVAC PAGE ‘3 OF 5

° PROBLEM___RRF2
CODED BY_ Johnson, Berpick DATE REV, 15.May %57
ITEM NUMEER LOoC OP U v COMMENTS
$ oo R 54 , $
2 , TEMPS, 2l 0 " $
: , INOUT, ; aRg! 1 . $
LSRR W O Vig IR $
s RREOR o) URY O, DIAGHR. . - DIAG , ERROR EXIT $
R - i = s R - MO . , SUCCESS EXIT ¢
A | RS IO, (| S, ] , FUNCTION $
. | MU SRR i ¢ PR - i ,  ARGUMENT $
B KRR ) AR A , ARGUMENT TO A ¢
O p SRR Tz B , ERROR1 , TEST FOR $
- CRNS - R B 0K ,  ARGUMENT OUT $
. AR 0 , ERROR2 , OF RANGE $
y 0K P A e 5 § , FORM ROUND AND $
i VEVIRR - - 3 | , STORE X SQRD $
; THCHE. . 0 ., SromE .., . SCLD 33 IN TEMP $
> IR e B3 o STORE $
. AR 1 R gl 4 o A , EVALUATE $
’ s AT. B, , Q ’ $
. SEE S Q , STORE , POLYNOMIAL $
, R T R A ; $
’ AT BS Q , EXPRESSION $
> - W, 8 ST $
o . PR . ;LN T T A , FOR $




' REMINGTON RAND UNIVAC PAGE 4 _OF 5

‘l" PROBLEM___RRF2
CODED BY_Johpsop,Bernick DATE Rev,15May '57
ITEM NUMBER LoC OP U v COMMENTS
’ ] AT ’ B6 ? Q ’ s
2 R Q oy TORE -, ARCTIN X $
. AR - A -l A : $
> Ak - g B? Q s By $
. A R g .o stoRR o $
: s . . T R A , NESTING $
) A BB Q 4 $
" 3 MBI Q , STORE ,  METHOD $
i P T - T A , $
‘:) s N e B9 , Q - $
g o o Qi g SEORE <, $
5 B - g bkt - A ) $
X Perdl il no Q X $
’ 3 L, < S X ’ $
x O | . SR Lt A " $
. e IR A Y , STORE FUNCTION $
2 i RN - , TO SUCCESS EXIT ¢
, ERRRY 8P -, -GORE. _, 0 , ERROR CODE TO A $
: g e 0O , ERROR , TO ERROR EXIT $
, ERROR2 , SP , CODE1l, 0 , ERROR CODE TO A $
. e 0 , ERROR , TO ERROR EXIT $
R s W7 ., TP . 1IN, LOWER LiMIT ¢
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REMINGTON RAND UNIVAC PAGE. 5 OF, 2

¥

' PROBLEM_____RRF2
CODED BY_Johngon, Bermick DATE _REV, 15 May '57
ITEM NUMBER LOC (0) 4 U Y ') GOMMENTS

. Bl , Bl1O , 00000 , 00001 , UPPER LIMIT ¢
e , BO4 , 00000 , 00000 , ROUND BIT $
P s B9Y ., 31200 , 484 . , 015 8CLD 42 ¢
, i B4 , B2 , 305,5 , 07277 , (€13 SCLD 40 $
s . B8 s BEY ., RIS, O,  Cl1 SCID 39 $
, B6 , B30 535753575 , 75005 |, €9 SCLD 38 $
e s BS6 , 14, 64514 , ©O7 SCLD 3 $
. o B3N, 42012 , 2688, 05 8GN 37 $
S , Bs2 , 5263 , 20355 , C3 SCLD 36 $
Y mo. .. BST . , T, 237 , ©180ID 35 $
O , CODE » BS54 , 54310 , 50000 , ERROR $
s BB TBSL . -Si310% ., SRR, CODES $
¢ , ENDSUB , . > $




THIS IS A USE PROCRAM

BATOO1 PRINT - OFF=-LINE « STATED DECIMAL DATA
by D I Cook, Boeing Airplane Co, Deec 1956

A PURPOSE

The purpose of this program is to prepare a magnetic tape on
the 11034 computer to print a block of consecutive words of
memory as stated decimal data on the Univac High Speed Printer.
The information is written on Uniservo number two in the fixed
block mode.

B METHOD

The data to be printed are scaled to proper binasry fractions
(with the binary point between the sipgn and the most signif-
icant bits) from the scaling information supplied by the
programmer as control information. Repeated multiplication
by ten is performed on the scaled word to obtain successive
decimel digits, The decimal point is inserted in the appro-
priate position and a minus sign is inserted after the least
significant digit: if the word is negative., Zeros preceeding
the most significant digit ere not converted to XS3 code and,
hence, are not printed by the high speed printer.

Fach column to be printed may contain twelve characters
including the decimal point and sign., If the word is too large
to be printed in the form indicated by the scaling information
the decimal point is shifted to the right and the low order
digits are truncated, An eleven digit integer is printed
without a2 decimal point.

A YFast Feed I" symbol is inserted as the first character of
the first blockette and every sixtieth blockstie causing the
data to be printed at 40 lines per page. A "Printer Stopt
symbol is inserted as the first character of the blockette
immediately following the last blockette to be printed in
order to stop the printer after completing the printing.

C USACE
L, The following instruction is written by the programmer to

enter this program where "t" is the location of the first
instruction of this program and "r" is a location in the

main program:
loc Op U v Ixplanation
r RJ  t+2 t Jump to the first instruction of
this progranm,
L e- - - Control is returned to this location

following the successful execution
of this program.

BAC 1546 L-R3

BOEING | " TO0L
I PAGE ] —}_

2-7000




C USAGE (cont'd)

2.

3.

5

The following control data must be stored within this

progran prior to

loc Op U
t43 N L
tHy -

t+5 - gé
14 - Dy
t41 - D

transferring control to location t.
v Explanation

M Tormat Control. N is the number of
columns to be printed where 0€Ne«8.
L is the location of the first data
word to be printed. It is assumed
that successive words are in cone-
secutive locations,
M is the number of lines to be
printed and must be chosen such that
I4M-N is a legal storage location.

By Scale Indices. D; is the number of

Bp decimal places to printed to the

By right of the decimal point for all

. data in the ith colurm where 0<D;<10.

. By is the number of binary places to the
- right of the binary point for all data
Bg to be printed in the ith columm

where O<B;<35

When using this program Uniservo mumber two must be ready
to receivae written information. The tape is not rewound
before or after printing so that additional information
may be written on the tape.

The following is

the normal storage assignment for this

program, It should be noted thaet this assignment may be

gltered by the co

Ttem

Total Progran
Without Frasable
Subjeet to Addres
Program Constants
Frasable Storage

mpiler.

Starting TLocation MNumber of words

Dec Oct Dec Oct

t t 301 155

Storage t t 168 250
8 Mod. t % 143 217
4143 14217 25 31

£+168 4250 133 205

No error checks are made within this program end no error

codes are used,

Failure to comply with the restrictions

imposed on the Format Control Word in location t+3 may
result in an MCT fault.

BAC 1546 L-R3

soene | " TOL

I PAGE 2

2-7000



6.

1.

2.

3,

5.

1.

2,

C USAGE (cont'd)

The printed format produced by this program consists of
N columns of 12 characters each with 3 blank spaces
between columns, The 12 characters within a column
consist of 10 (or less) decimal digits, a decimal point
and a mimus sign (1f the number is negative) or a blank
space (if the number is positive). FEleven digit integers
are printed without a decimal point and the 12 characters
then consist of 11 decimal digits and a minus sign or &
blank spage.

D RESTRICTIONS

This program will operate on the standard "minimmm 1103A"
computer as established by USE.

This program is self-contained and no other programs
are used.

This program will print data contained anywhere in the

addressable memory of the computer other than that space
occupled by the program itself., The data are assumed to
be in stated binary form in consecutive memory locations.

The tape produced by this program is in fixed block form
in blockettes of 120 characters each and a density of

128 lines per inch suitable for printing on the Univac High
Speed Printer.

The standard USE 120-120 printer board is used to print the
data from the tape.

E CODING INFORMATION

This program uses 133 words of erasable storage. In normal
usage this block of erasable storage begins with location
lo(t+168) = 8(t+250).

This program will write a printer tepe at approximately
LOO blockettes per minute.

BAC 1546 L-R3

BoE/NG | O TO0L

I PAGE 3

2-7000




’ g
BA=TOC)L PRINT - OFF=LINF - STATED DFCIMAL DATA - FIYED SLOCw
THTS 1S A USE PRORRAM
' & (R B t DOUSALE LENGTH CHFrw sym WIrH
o B 1+ LT71635UCE518 1 PROGRAM AT 1000
'Y ve tlU*L0 ¢« INSPRUFTIONS SURJIECT TN ADURESS mMOQ
(R 1+ 2560 t PROGRAM CONSTANTS
v X 14+ 134,0 ¢« ERASABIE STOPAGE
o X 1+40,0 « NUMH4ER OF CONTRN| WORDS
0 X e N0 1+ NJMIFR OF FROGRAM RFESYI TS
ENTRY MU ' O 24 !
FRROR +RJ tNIAG+Z «DTAG « ERRIR FXIT
FYTT  oMJ Xs O o 1 SUCCESS EX'T
CTRL FILL e=TLL e FTLL « COMTROI  WOHD
<0 sFILL - «2TLL FTLL ¢« SCALE TNDICES
<y FILL 2L YFTLL ‘
&2 'FILL 'FYLL FILL ‘
SN FILIL YEYLL FYLL 4 BT
<u FILL 'ETLL FTLL ‘
S5 'FILL,  eFTLL *FILL ‘
S & fFILL YEYLLL ETLL f
|7 'FILL ST FTILLL {
2¢ ' TU "~ TRI vEA ¢+ LOCATION OF FIRST WORD '
' TU 1 CTRL vEF 4 ¢
i v 2FRO ' LINES ‘
' TV *CTRL 'LTINFS ¢ NUMRFER OF | INES T0O PRINT
' TP v 25RO VFAGH 1 START NEW FARE
' 1J yLINFS  e4a !
AN ' C YEXTIT « EXTF OWNEN NO LINFe TO ©RINI
ua 'RP 1 ¢ 120 e4a .
uay ' TP ' 2ERO 'E ¢ CLFAR STORABE FOR FRINT TMAGE
4as ' TV (V.S ' FIRST ¢« SET LOCA|JTCON OF FIRST | INE OF SIX
' TP rye '8 OCY « PREVARF | O SRIMT <X [ INFS
=8 1SR +CTRL ' & :
sl T ' 0 'COLS ¢ N'IM3ER OF CQY UMNS TO PRIN[ PFR LINKE
JJ Y COLS eSA1 ‘
M e vEX1 ¢ BPRINT NO CUOLUMNG
=81 «TJ (AVES 15A2 ¢ TEST FOR MORE THAN 2 CALUMNS
Clig B V7 CCLS ¢« PRTNT ® (0Ol UMNES
S5A2 ' TU 'UsO v£8) « LOTATION OF FIRST SCALF INDEX
TV 'EIRST e AF ‘
TV S TRST 1AFED 4
TV 1 ETRST ARY 4
TV 'SIRST W &FS ‘
' TV 1 TIRN] VARG q
P RA 14F5 DO 4
1FA VACA "2 4
1 PA v6F | V5 ‘
'RPA VAFD v q
' TP ' 0 AL TER q
CALC CQ ‘k 56 REVISED DATE }
o ok |12 PRINT = OFF-LINE = STATED DECTMAL DATA |
TS FIXED BLOCK
= BOEING AIRPLANE COMPANY 7001
SEATTLE 14, WASHINGTON T
CONTRACT NO. bace ol

BAC 1745 A =~ R!




‘ €N '« ™™ v TLL « WORD ¢ GET NEXT WORr Y0 PRTNT
' TP ' 2FRO «DEC ¢
' TR v 2FRO «BIN ‘
€Al %7CP 'YL '« C ‘
«TU 4 ' DFC « SAVE DFCIMAL INDFY = D
' TV ‘A vRIN « SAVE BTINARY TNPEX 3 2
s <P VAR 21 ‘
o T (s * SCALF + SAVE O FUR INDFYING
' TR rGA 40 t PRESATE SHIFT CoOMMAND
PSS AR ' TN t U ANDRFSS = 1 35<P)
¢ OP '3 () 5] ‘
' ST tDFEC +DFEC ‘
' AT 1G22 &R ¢ ) ANDRESS = rDID=sM™)
' TR el 'BIN + DO K| EVEN CHARACTFRS
' Q vNEC 21 ‘
(s 'SP s WORD ) ‘
o T O o UFPER ]
1T o ‘LOWER 4
' TR ¢« 72FRO oG ’
ER 'SP 'UPPFR < C ‘
FR2 ' T «NI10 &C 1
WRA ' DFC DO ¢« POWER O'F TEN NOT L 2RGEE ENONGH
vPA v&RD oL} ‘
' 1J e SCALE v 5R 1 ¢
'SP tLPPER " 4
y DV 010 (AN ‘
ol T v O yLFPER ¢
' RA (Xo) V5 ‘
o ' TR 2 PDFC ¢ SUPZRESS PRINTING OF DFECIMAL POINT
eC 'SP ' UPPER v 36 1
¢« SA v _OWFR v 71 ¢
» TR ' Q e LOWE® ‘
€0 VTP v 2ERO UPPFR ‘
' TU 16RD v&€2 ¢« LOCATION OF DIVISOKR
&EC2 (ERLY) PETLLL G 1
'RA 0 N0 4+ RO'INN OUCTIENT
'O vaC VECY « TESP FOR QVERFL AW
&ec® v TR v\u oL OWFO t INC2RT HIGH nIGIYT 08 |
' v 1J v ATN r£CU :
ecu ' TR ' Q CcWORD ¢ SAVE PROPEF FRACTION
En ' IJ 'NFC aE g
TP PBOINT e 1+ INSTRT POINMT
TP Ol «DFC i SUPHRESS ANOTHF® POINT
yM ) 0 v5F q
€F y P ' WORD « 2 ‘
v SA CWOARN v « MUI TTPLLY BY TEN
P TR v A ¢ WORD ‘
Al (s o 0 1+ SAVE DTGIT IN O
(L | S 'UPPFk e 76 i
' SA vI_OWFR . A ‘
Cook 1256/ REVISED DATE |

. CALC
CHECK

APR

APR

PRINT = OFF-LINE - STATED DECIMAL DATA |

FIXED BLOCK ywﬁ_..u_ﬁ_\
|
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v SA "2 v C « ADD NMEXT DIGYT
v ZJ Ve D 18F 3 (SUPPRESS ZFEROS
6F 2 10T RVALS BLOWER « COMVERT O X<3
LT «C ' LPPFR 1
EE>S ' U 'SIN v&D t DO ANOTHER D1GQIT
Rl 'UPPER 26 ‘
1€4 VLOWFR  «6 ‘
EFY ' TP YETLL ' G ‘
0 VAR R vRES 4
6ES WA "2 ' C ¢ INSERT MINUS STGN
T «C CUPPER 4
1P v A ¢« _OWFe ‘
= v 1J VAL TFR  +FE3 4
(= ' TP yUPRFK  WFTLL « MOVE CONVERTFD WORD TOQ RRINT AREA
&F 2 ' TP ' _LOWFR ETLLL 1
yRA VAF ] Vs ‘
o RA e BED V) ‘
' FA VAEEY vVe 4
'RA rAFER CAVASY ‘
PA YEEA AV ‘
VTP 0 ALTER . .
M) v «7A ‘
6c 3 ' SP ' LPPFR v 18 ‘
€U T o CILL ¢ MOVE FTRST 4 DIGITS TO PRINT AREA
PSR e A 18 ‘
t“A ' _OWER v 18 4
€FS ol T iy ETLL t MOVE NFX), & rlIGIIG
&EF 6 ' TR 0 A ETLL 1 MOVE LLAS| % PIFITc
7A RA VAFY o'y « LOCATION OF MEXT wORN
v TU vA5F U v &A &
' PA 14A 1 'Ll « LOCATION OF NEXT f{NNMF x
' TJ (ot al S IAA ¢« DO ANQTHER WORD
RPA 1CIPST 20 « LOCATION OF MEYT | TNF
' 1J '8 OCK v 7741 {
+MJ 'O +AA t WRTTE -<LOCK ON TAP¥
781 110 el_TNFS ' A ¢« DO ANOTHER L TNF
ETRST TR ' STOR WFTLL ¢ STO? PRINTER
ga T ' 2AGE QA {
' RA T VERT « RESTOR* PFAPER
' TP syo «CAGE ‘
g4y vEF (e ¢WRITE « WRTTE TFARE [N FYYED 2LNCK MODE
'RPA v 120 +2A2 ‘
'EW v C e ‘
882 W1J YLINES  sun ‘
y 1P 13l OCK ' A ‘
v7J vEXT '8p3 ‘
8as 1FF i P YRITE ¢« WRTIE rargE IM FIYED RLLNCK MODE
W ' C  STOR « STO2 PRINTFR
' RP r119 'EXIT ‘
e F W) 7 « 2FRO 1
|
| Gook  |12-56 | WV | DA | poryp . OFPLINE - STATED DECIMAL DATA
— FIXER BLOCK e
e BOEING AIRPLANE COMPANY T001
SEATTLE 14, WASHINGTON
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©A Y SR tWORD 5 {

GA 1 T oy P W AC 4

uso ' TR v ' SO 4

2RO R ‘e 4

on R te « POWERS OF 1=N

o1 VY v+ 100 {

i (4 v« 1C060 ‘

N« (R4 1+ 100C.0 .

mnuy R 1+ 10000,0 1

(al W X v+ 100000, C 1

fha X 1+ 100000N 0O ‘

a4 ' X '+ 1000000C0 4

s X v+ 1000000C0C.0 ‘

Da ' X v+ 1000000€C00.0 1

n1o R4 v+ 1000000CO00 D ¢

{1y B s 100000 4

V2 B XY ‘

\/S P TR 4

vy R R ‘

¥ o 'R 14 & ‘

N7 P 1+ 7 q

\/ R 2 ¥ e R0 ‘

\/Q e X v+ Q0 1

V20 (B4 - 1+ 200 ‘

POTNT R v+ 17 4

cSTNr R v+ A00L0UDOCC000 f

FET 'R v+ 3700000CBO0OO ‘

WRTTE 4R 1+ 2CCELE2C000 |

tENDSUB e
FRASEABLFE STORAGF

LINES 4R ve D 1t NUMAFR OF | INES TO PRINT

PAGE +H e ¢« NUMIFR OF | INES PR PAGE

PLOCK B e 0 ¢« NJMIIER OF | INES per RLNCK

COINS R e O « NUMIER OF (0| UMNS FFR | INE

ALLTER R (N « FLT? ~ FLOF

WNR() 'R ve 0 « WORD TO RE CONVERTED

DEC B ven ¢« NUMAER OF L'ICITS TO LEFT OF POTNI

RN s ve « NUJMRER OF CHARACTERS PRI WORD

cCALE B ve 0 ¢« NJMAFR OF NIEITs T RIGKT OF POINT

