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The purpose of this manual is to describe the program processing procedures used in .
conjunction with the Mark I and Mark II digital computers. Section I contains descrip-
tions of program procedures, while Section II contains a description of the program data
package supplied with each digital computer,

| Fopran S rocsdlives

1-1, GENERAL,

1-2, Three types of programs are used to program the Mark I and Mark II digital com-

puteérs: the general purpose (GP) program, the linear function interpolator (LFI) pro-

gram, and the data preselect (DY) program. The data preselect program is divided into

“two separate programs: the initial conditions program, which is used for spacecraft

__ simulation, and the radio aids program, which is used for aircraft simulation.

1-3. GENERAL PURPOSE PROGRAM.

1-4, The GP program is composed of solutions to differential, algebraic, and Boolean

equations descriptive Of alriranie motion, Systems operation, initial conditions, and

radio aids. Once the programmer has deiermined the program necessary to solve a

particular problem, the solution is given an equation number and documented via a pro-
gram data sheet. The program data sheet is then used as an input source document for
punching GP program cards. The program cards are allocated to bands by quadrants,
and placed in a card reader of a Tape Preparation Unit (TPU), which produces a punched
paper tape. Finally, the tape is used to load the program on the desired drum band of the
computer., The order of procedures required to process data representmg the general
purpose program is shown in figure 1-1,

1-5. GENERAL PURPOSE PROGRAM SHEET AND CODING AND CONSTANT SHEET,

1-6. The Program Sheet and the Coding and Constant Sheet are used to document the
general purpose program. The programmer, after acquiring data for a specific aircraft
or aerospace craft, forms equations for simulator purposes. When the programmer de-
termines the equations, programs are formulated and placed on Program Sheets or
Coding and Constant Sheets. The Program Sheet (figure 1-2) is used for eight instruc-
tions per card, while the Coding and Constants Sheet (figure 1-3) is used for a single in-
struction per card. The Coding and Constant Sheet is primarily used for diagnostic
checks, using the remarks section as an aid in troubleshooting. The Program Sheet and
the Coding and Constant Sheet are the input sources for punching the eight instruction -
cards and the single instruction cards, respectively,
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SIMULAT é 1
CRN/APHR | ______ PROGRAM SHEET PROGRAN NO.
BAND, . oqu__ o swrn of ___ [\
PROGR ‘MFR DATE | £.2214-2 Jl \
.m/ / / ] AR
Zg :’g";' W é ARITHMET{C ACCUMULATOR &>J Aczzgtii?w ;J ;_: ;J ;
T TT = :
T T
T T 1T 1T
T H T
T T
_L @ O.P.CODE - Instruction number. Octal numbers only are used in this _AJ
1l column. : )
Z" @ MEM. ADD. - Memory address of the instruction to be used or, in the ]
B case of a load constant instruction, the constant. ]
E.- (® SCALE - Scaling of the number in the Arithmetic accumulators. ]
1] _Scaling is to powers of two only. ]
" @ ARITHMETIC ACCUMULATOR - Description of the data currently con- |
. tained in the accumulator. . ]
- -~
1B SALV. - Contents of the salvage register. The previous contents of —
| the accumulator when a load instruction is programmed. ]
%}: @ BOOLEAN ACC UMULATOR - Contents of the Boolean accumulator. —
- ‘ —
i @ SALV.1 - SALV. 4 - Contents of each of the four Boolean salvage —
L+ registers. ]
T T
7 L
T L
T T T 1
T T T
T 17T
T 1T
T L
T A G
T 1
T =T
T T 7T
T LA L
Figure /-2. Program Sheet
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DATE

®
[
PROBLEMm I f
]
/

CODING AND CONSTANT SHEET

® ® o 0 ® ® ©® @ ®
| |

RK ¢ COMPUTER
PROGRAMMER / /
/ / ‘ ‘ PAGE o
Fa2214.4 .
INSTRUCTion wesonic |} ulf vew o " ARITHMETIC . sooeaw |- 1717
NUMBER CODE sS ADD H ACCUMULATOR i ACCUMULATOR >|>|>l> -
he 8 : 3 2222 REMARKS .
" "wivn|n
1 2 3 &4 5 ¢ 7 2 1 12 13 1415
i LB T T 1
G S S O A ¥ LA
Tt . Ty @ - INSTRUCTION NUMBER - Used to count the number of instructions
I , . —r in a particular program. Decimal numbers are used in this column.
T T @ - MNEMONIC CODE - Abbreviation for the instruction being used
T < T 1T (i.e., Multiply instruction would be listed in the Mnemonic Code
) Column as MLT).
T T 17 1 ¥ t ¥ L L
LLLI B T T -~ O.P. CODE - Instruction number (MLT Instruction is 03). Octal
T T 1T T i e numbers only are used in this column.

- MEM. ADD.. - Memory address of the instruction to be used. Octal
numbers only are used in this column.

- SCALE - Scaling of the number in the Arithmetic accumulators.
Scaling is to powers of two only.

- ARITHMETIC ACCUMULATOR - The number actually being
operated on. This number is in binary format.

- BALV. - Salvage register column. Stores the contents of the
accumulator after a-load instruction.

]
® 6 © © ® ©

- BOOLEAN ACCUMULATOR - Serves the same purpose as the

arithmetic accumulator. Used for Boolean instructions only. .
LA S S S Bt | T T T ' :
Tt . S @ - SALV. 1 - SALV. 4 - Boolean salvage registers. Serves the
! same purpose as column 7. Bits may shift from one register to
‘ T i T another,
T 177 li 1 7

@

~ REMARKS - Used for brief explanation of instruction where

necessary, :
LI 1T T ™1 T
[ 1 1 T FET
. T LI S B | 1 17T
i T T T 1 1T
‘| T T 1 T H ¥ T T

[ Froure 1-3 Codina and Conclanle Shoot
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1-7. GENERAL PURPOSE PROGRAM CARD.

'1-8. The IBM type 5081 punched paper cards contain the permanent program data. The
standard Hollerith card coding is used. (See figure 1-4.) There are several card for-
mats used for the general purpose program. The following is a list containing brief de-
scription of each card:

a. Single Operation Card. The information punched on this card is taken from the
Coding and Constant Sheet. The single operation card (figure 1-5) contains: (1) equation
number, (2) instruction number, (3) operation code and memory address, and (4) re-
marks.

b. Eight Operation (8-OP) Card. This card is punched using the Program Sheet as the
source of information. The eight-operations card (figure 1-5) contains: (1) operation
code and memory address (eight places) and (2) sort number. (This type of card is no
longer used on the new simulators.)

c. Eight Operations Plus Equation Number Card. The data required to punch this card
-is taken from the Program Sheet. The eight operations plus equation number card
(figure 1-5) contains: (1) operation code and memory address {eight places), (2) equatlon
number, and (3) sort .number.

d. Program Title Card. The information required to punch this card is taken from the
program sheet. (See figure 1-6.) The header card (figure 1-5) contains: (1) equation’
number, (2) band and quadrant number, (3) number of operations, (4) customer, (5) title
of equation, (6) programmer's name, and (7) the date that the program was written.

e. Quadrant Header Card. The information required to punch this card is obtained from
the drum allocation list, The quadrant header card (figure 1-5) contains: (1) band type,-
(2) band number, (3) quadrant number, (4) band address, and (5) quadrant's first address.

Note

The quadrant header card is not punched until the equations are allocated
on the Drum Allocation Sheet by the programmer. The program title card
is updated after the bands on the drum have been assigned.

1-9. The GP program cards are punched and filed numerically in a work deck according
to equation numbers., The cards will remain in numerical order by equation numbers

until the equations are allocated to bands and quadrants (each band having four quad-
rants),

1-10. The equations are allocated to bands by a programmer on a Drum Allocation
Sheet (figure 1-6). The Drum Allocation Sheet provides the initial information to arrange
programs in drum order and to update the program title cards. When the equations have

been allocated to bands, the 8-OP cards are arranged in band and quadrant order in the
work deck. The overall arrangement of the work deck is by band type, i.e., fast, medi-

um, and slow. Ekach quadrant card group is follcwed by a card containing a block end
code (figure 1-7). The cards are held in the work deck until a tape is requested to be

é

[ ~
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punched. A Tape To Be Run Sheet (figure 1-8) ic used for requesting tapes to be punched
and maintaining a change record. :




ABCDEFGH I SKLMNOPRRSTUYUXYZ 0123456739 ++ 22 (( ) )v £c1y oo+

R TR
BRRRINNRE +—— 12 PUNCH " " "
ERRRRRNRE<— || PUNCH 1 "

000000000000000c00BERNRENRooBoo0000a0000000000008FonoooooBRooooEBo0o000000000000000
T2 43610 20NN RITIBONRDUDNT9NI DN M3 6 B N 08N I8 BSEN IS ST NSRRI EMAEI AN 2D HIIN I NN
R Rl RN RN R RN R R RE R RN RN NN N NN RN ENRRNREY | IERRERRREE RN RN
Q222222220 222222282222222222200222222222222222227702222220222222222222222222222122
3303333333303333333039333333333833333333333 803333933 BB BB BB32323233333333333333
R RN TR R LRI I I | e | I IR RN ey
5555055555555 5555555M55555555555H5555555555555555555555555555555555555555555558
66666066666666H666¢666M66666666666M666666666666666666666666666666666666666666666
noniinnvnnbmnnlonaonnbyrnnnr I

asaaaaslasss_aasslassassalaassasassaalassllallsllslsllallellassaesallsssaassassa

??3?????!3233332%!1%3%2 ck EESERERSRRE! IREFERERARARTESREEERRRESTEEEIARAERRERERE V
PUNCHED PUNCHED
CHARACTERS ROW CHARACTERS ROW

A 12-1 T 0-3

B 12-2 U 0-4

c 12-3 \% 0-5

D 12-4 w 0-6

E 12-5 X 0-7
.F 12-6 Y 0-8

G 12-7 Z 0-9

H 12-8 0 thru 9 0 thru 9
I 12-9 Plus Sign 4.8

J 11-1 Equal Sign 3-8

K 11-2 Left Parenthesis 0-4-8
L 11-3 Right Parenthesis 12-4-8
M 11-4 Left Bracket 11-3-8
N: 11-5 Right Bracket 0-3-8
0] 11-6 Decimal Point 12-3-8
P 11-7 Division Sign 0-1

Q 11-8 Minus Sign 11

R 11-9 Asterisk ’ 11-4-8
S 0-2 Ampersand or Plus Sign 12

Frguré [-4. Hollerith Card Toble
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Figure 1-5. General Purpose Progrom Card Forma!
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~Figure /-7. Block End Code Card

1-11. GENERAL PURPOSE PROGRAM TAPES,

1-12, The paper tapes are punched by the TPU from programmed cards that are fed into
the TPU card reader. Each general purpose program computer word occupies two lines

oi %rugched tape; each line containing eight binary digits. A punched hole in the tape in-
€r, and a pblank, a zero. e tape tormat for the general purpose program

computer word is illustrated m figure 1-9, where "'C" is the OP codé and "A" is the
address. :

.1 13. For ease in drum- loadxng and 1mp1ementmg tape changes, each tape reel contains
information for only one band. (four quadrants). A full block (quadrant) contains 1024

instructions (1023 and a block end code or a reel end code). Two block end code cards’

are placed at the end of a full block to stop the TPU so that each quadrant number can be

manually marked on the tape. When a quadrant contains less than the 1024 instructions,

(short block) only one block end code card is needed to stop the tape in the TPU, Quad-

rants are normally short blocked so that programs can be changed without having to

move entire programs from one quadrant to another. A reel end code is punct _

end of each tape. The reel end code is used during a drum loading operation, and ends
thetransier of data from the computer tape reader to the computer. When all the data to

~De stored on @ particular drum-band quadrant is loaded into the computer (it is stored in

core-memory), the data 1§ then transierred to the selected drum-band quadrant, After

completion of the drum loading, the data in core-memory 1s checked against the data on

the applicable drum band quadrant. This allows the mformatxon on the drum to be

checked alter each quadrant is loaded,

1-14. The programmer's name, the date the tape was punched, the operator who punched
the tape, the time the tape was punched, the simulator designation, and the band and
quadrant number are written at the beginning of each tape reel. After the tape for the
first quadrant is punched, the number of the next quadrant is manually written on the
tape. This procedure is also used on the second, third, and fourth quadrants,
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% "A" REPRESENTS THE ACTUAL CONSTANT

12 0000
20 2000
05 0000
12 0000
25 3777
12 0000
25 3777
22 7776
02 0000
07 0000
i2 0000
25 3777
i2 0000

25 3777
23 0400 @—REPRESENTS A HOLE

Figure |-9. General Purpose Tape Formal
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1-15. GENERAL PURPOSE PROGRAM CHANGE NOTICE.

1-16. A major Change in a program may require that the program be rewritten, while a
minor change is recorded on a Program Change Notice (figure 1-10). For minor
changes, new cards are punched from the information recorded on the change notice;
then, the old cards are replaced in the work deck by the changed cards. A new tape will
be punched from the revised work deck. After the tape-is punched, the quadrant that was
changed is annotated by underlining the previously written quadrant number. Quadrants
that are not changed are loaded in the computer in the check mode to provide a running
check of the TPU and the drum loader. Each time a tape is loaded on the drum, a Drum
Status Sheet (figure 1-11) is also updated.

1-17. A sample general purpose program is shown as follows: Figure 1-12 illustrates
the Program Sheet; figure 1-13 illustrates the punched program cards; figure 1-14 illus-
trates the punched tape; figure 1-15 illustrates the Program Change Notice; and figure
1-16 illustrates the changed program cards.

1-18. CORE LOCATIONS SHEET.,

1-19. The Core Locations Sheet (figure 1-17) is filled out the time the general prograrh

is written, and the core location assignments are made. All mathemafical quantities

_peeded in the simulator program (with the exception of constants which may be stored on
the drum) are stored in core memory. The mathematical quantities are assigned spe-

_cific core addresses on the Core Locations Sheet. After core addresses have been

assigned (analog and Boolean addresses), analog and Boolean cards are punched from the
data on these sheets. These cards are punched using the format in figure 1-5. A mag-
netic tape i prepared from the cards and used in making a detailed program listing,
which will be explained in the Data Processing Section II.

1-20. LINEAR FUNCTION INTERPOLATOR (LFI) PROGRAM,

1-21. Characteristics of flight equations are placed on Linear Function Interpolator Data
Input Sheets that are used to document the LTT Program, Then, cards are punched using

a decimal card format that must be converted to an 6ctal card format prior to the gen-
eration of a paper tape. Conversion from a decimal-to-octal format is accomplished
through the use of an IBM 1401 computer, containing a special decimal-to-octal conver-

sion program. The resultant cards are used to produce the punched paper-tape, which
is then loaded onto the selected interpolator drum band. A block diagram of the LFI
program procedures is shown in figure 1-18, :

1-22, LINEAR FUNCTION INTERPOLATOR DATA INPUT SHEET.
1-23. The Linear Function Interpolator Data Input Sheet (figure 1-19) contains the data

needed to punch LFI input cards. This sheet is divided into two sections. The first
section contains information concerning the number of variables, whether or not the

variables are indexed, scaling of the variables, etc. The second section contams the

values of the bre akpoints as taken from the LFI curves.
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"PROGRAM

SIMULATOR .
PROGRAM CHANGE NOTICE )

CRN/APPR LINK DIVISION, GENERAL PRECISION, INC. SHEET of :

BAND . QUAD DATE REQUIRED TAPE L] caros L]

PROGRAMMER DATE LISTINGS 1.

CHANGE_BY, DATE Fe2347 2,

PESCRIPTION OF CHANGE

2

lREFERENCE

/

_ 2 ®
REASON FOR CAANGE / / //

TITLE / /

/

¥ ¥ L
CARD STEP oP
CobE ADORESS

REMARKS

changed (counted octally

0-7).

@ CARD - The number of the card that changed (sort number),

@ STEP - The number of the step on the card that is to be

———— (3) OP CODE - The operation code of the step that changed.
| @ ADDRESS - The address of the step that changed.

(® REMARKS - The description of change that is made.

Figure /-10. Program Change Nolice
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Figure 1-13. GP Program Example — Program Cords
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02 0000

07 0000
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25 3777

{2 0000

25 3777
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Figure |-14. 6 P Program Example—- Program Tope

sivgLaTor 707 XXX

PROGRAM CHAMGE NOTICE

program_ 8C50

oF__ !

CRN/APPR LINK DIVISION, GENERAL PRECESION. INC. SHEET
sano__M 2 quap___2 0ATE REQUIRED TAPE [ caros L7
PROGRAMMER SNODGRASS o5 7¢ 4- |- 64 ' LISTINGS !.
CHANGE BY, J. WEBBLY DATE 4""64 Fe2347 2,
CESCRIPTION OF CHANGE

CHANGED ADDRESS

T N2 oL <E0 N OTHER CALC. — WRONG ADDRESS [rereRence

TiTe COSINE LATITUDE

CARD STEP rggz ADDRESS _ REMARKS

0COC 6 25 3777 REF ,

0009 6A 23 2002 ADDED STEP
0000 7 22 3776 REF
!

C00! 6 23 0404 was 23 0400
I
{

Figire /-/5. GP Program Example — Program Change Notice
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" 1-24. LFI PROGRAM CARDS.

1-25. The LFI input cards are punched in a decimal fermat and filed numerically in an
input deck according to an alphanumeric sort number. The Tirst three cards aré punched

x\ls.m_gge data in the Iirst section (top-hall) of the LFI Dafa Input Sheet, while The re-
maining cards are punched using data in the second section {lower- half) of the LLFI Data

Input Sheet. The required number of input cards is dependent on the number of unknown

variables (see Appendix A). A description of each ltem placed on the LFI input cards is
presented as follows

a. Card 1 (Figure 1-20.)

1. Function Numbers - The function number space has twelve blocks assigned. The
first three blocks will be used to show the numerical function number. The second three
blocks are used for the first variable input number, the third set of three blocks for the
second variable input number, and the last three blocks for the third variable input
number. Function numbers are assigned by the project aerodynamicist., These numbers
are written decimally on the input sheet.

2. Sort Number - This number isa convenient combinationof alphabetics and numerics
which describes the order of this card. Two alphabetics and three numerics will be
used. (This is only used with punched cards and card reader.)

b. Card 2 (Figure 1-20.)

1. X Address - (X ADD) - The address will contain the core address (in octal) of the
independent variable X, If the term is to be indexed (the same set of curves and with
different inputs), the X ADD will be the core address (in octal) of the first item to be in-
dexed and must have a zero or a four as the last numeric in the octal number. The next
three serial octal core locations must be the remaining indexed inputs.

2. Reépeat X (RPX) - The number of times the X address will appear in the output data.
If the X address is to appear five times, this will be written on the sheet as 05, At the

present, five will always be used.

3. Index X (IXX) - If X is to be indexed, X will appear, If X is not to be indexed, the
space will be left blank.

4. Y Address (Y ADD) - Similar to X address except this is for the second variable
in a two or three variable function. For a single variable this will be left blank,

5. Repeat Y (RPY) - The number of times the Y address is to appear in the output
data. Five is the only number used at this time, and it would appear on the input sheet
as 05. These blocks are only used for a function of two or three variables,

6. Index Y (IXY) - If Y is to be indexed, Y will appear. This will be filled out only if
this is a function of two or three variables. ’

7. Z Address (Z ADD) - Similar to X ADD except for the third variable of a three
variable function. For single or double variable functions this will be left blank.

8. Repeat Z (RPZ) - The number of times the Z address is to appear in the output

data. Five is the only number used at this time and would appear on the input sheet as
05. This will be filled out only for a three variable function,

22 .




IS i m N i " s

ok " P R N VI

1BM 1401, 1410, 1440, AND 1460 DATA PROCESSING SYSTEMS

APPUCATION _LFI_PROGRAM {INPUT CARD FORMAT) STORAGE tAYOUT DATE :

I

SYMBOLIC- | | FUMCYION NUMBER |
) SORT NO.
CARD | DATA F X Y 2 h
e Py e e e T a7 S R 77 2 B A e 7 B S i o 2 i B0 o i el S0 2 A e son 2 B o e Z o' E 2 o B
LOCATION _[o 10 T o Y 0 33 < 't 50 55 e ey 5 T %0 (Y
WORD MARK FRUTE DS S TR T TS TR T U DT
i REPEAT _ WDEX v REPEAT WDEX 7 REPERT WOEX
1 SYMBOLIC | ADDRESS X - X ADDRESS Y ¥ ADDRESS 2 7
CARD 2 oana ||k x of % X > 1 N ~ SORT NO
. ADD « ] ADD o ADD r » L
T NIToTTIN [ MBS Pt " IAMNTEN I A TURMS BT I S T AL i ML /71000 TN S BTN ¥ IR T IAIMMST I S SN TAMMA ™M T
WORD MARK P P IR ataa A l R N N AT DS S T
- T ANSWER REPEAT COWPUTER DECIMAL
. SYMBOLIC | appmgss ADDRESS TiME POINT SCALE
A SORT NO.
CARD 3 DATA ADD g [3] op sC ) >
T O il P .ﬂ(.;.i!. 5 A T IR ”,_fﬁﬁ‘rﬁ..‘;..ﬁ—&rrﬁi{ﬁ.ﬁﬂ{ﬁﬁ‘i.r..”ﬁh141.1' MR T ™M
WQRD MARK N RPN AP N TN TIRTE  EE T T E
| SYMBOLIC ]
DECIMAL
CARD 4 DATA DATA _ : . un(?
lOCAHON ovwvil ﬁl&fva“s’Tll|’J"'ll’,;I‘FYTIfrA_Iggv—rl"_'m'ﬁ‘lﬁ;’vvflviivvh“l"ld'lli&lillt,nlilit’ 14‘I1 ‘ﬁllelitl'IT_r_vuvv
MARK s TR S P T
SYMBOLIC
DATA . '
O VIO P A AN T SR IS T EASMAT U ISR T S S SN T ™ SN T SR TN T SR TV ™ SUII "I
e Y i T N T N T T T T IR
] SYMBOLIC
DATA .
lOCAHON a"T'qT'l!:&ITIYI'jII’I'Y’d'TII,gl"vvnfTvrl)s]llr&:'_vrv‘?ll‘I&II'—FV&WIY‘T‘ﬁl’YEItﬁ‘I|TIlI"‘l'llI'ﬁvv""Tf"fﬁj"'
. wonnwurxL.._L.L.....L..A..,..J.....,.‘_“.'..UJM.L‘.4A......“.4....‘..L,..1....L“...u...“.LL....“.“.*.
] SYMBOLIC
DATA .
TOCATION Q"r'ls'F"l‘ﬁcil',vflrf#leTlilllljovtIIC:"lllll'!]lvl'litIl:uLllllmlvvll"'Tﬁ_Vs‘ﬁa l'Tl,ll"!.oIl‘l'."‘vlllpoll"vlz'Yll
N i T N Y AN
1 SYMBOLIC
-
DAYA
. TOCATION *g"f",'--v',_qﬂ-w,,-n.w.r.g.ﬁ.”.....ﬁﬁ..Q..,..ﬂ.,ﬂ...rﬁaﬁ—.ﬁin.V...T'ﬂ"...'jé.,._.!i.nw..h..”
L XY i N A T R A
L] SYMBOLIKC,
DATA .
lOCA"ON o"r"r'ﬁ‘ﬁ'ﬁ!{.'"’d'r"‘('rYTJEﬁ'Tvli'_"Y"rt'!}""'ﬁ'm},ﬁ_‘,—w’r"i"'i'T‘rT!i"':ﬂ'rv"r""."'.'l'f'1,
WM'LAAAAA'AJ.;_L.A..L,.J.......‘..A‘.;...‘AA.LL.AAA‘.....‘.._.A._.AL‘.*L..‘......nLJ.;....‘*‘....A‘...LL-AA
L ] SYMBOLIC
DATA
[Tod XITe L DML VN TR I~ S T AN ST S SN MMM S TN SMRAA VML, T MM T SN SR T EMM ™ I TS
WORD MARK | 4 5 4 2 3 4 4 0 s 0 o 4 0 4 o 2 8 o % & 4 o o8 0 5 4 2 2 4 A a a4 b adir b s s kbbb shonedid ik PO U A G S S U W S I AL PR ST AU S I U W ST WY

: Figure 1-20 LFI Program Inpul Card Formol

23



SRR NSRRI W VPRV ISP eSS

BT e e it

e A e . i i 1 A A A i eI U <4+

9. Index Z (IXZ) - U Z is to be indexed, Z will appear to be filled out'only for a func-
tion of three variables.

10. Sort Number - Number uéed’ to signify the order of this card in the input data.

c. Card 3 (Figure 1-20.)

1. Answer Address (A ADD) - The answer address will contain the core address
(in octal) where the answer (dependent variable) will be located. For functions which
are being indexed, the answer address will be that of the first answer and the core lo-
cation in octal must have a zero or a four in its last numeric. The next three core lo-
cations will be the indexed answers. '

2. Repeat answer (RPA) - The number of times the answer is to appear in the output
data. Five is the value of the number to be used and will appear on the input sheet as
05.

3. Computer time (CT) - The number of words consisting of all zeros that is to
appear in the output data. 02, 04, or 06 will be used for a function of one, two, or three
variables, respectively.

4. Decimal Point (DP) - The number of places the decimal point in the input data is
to be shifted. The decimal point in the input data is always at the extreme left, 50
written in these blocks implies no shift, 51 implies a decimal point shift to the right of
one place, 52 means a shift to the right of two places, 49 means a shift to the left of one
place, 48 shift left two places, etc.

5. Scale (SC) - The proper power of two. -05 implies that the adjusted decimal num-
ber is to be divided by 32, +07 means the adjusted decimal number is to be divided by
0.0078125. As an example, if the largest decimal number for this function is 15.87, the
scale factor is -04; or if the largest decimal number was 0.007753, the scale factor
would be +07, '

6. Sort Number - Signifies the order of this card in the resultant card deck.

d. Cards 4 Through N (Figure 1-20.)

1. The lower half of the input sheet contains 81 blocks for the independent variables.
Each data block should contain 4 digits.  Since a single variable of a curve has nine data
words (f0, £1/8, {1/4, £3/8....£1.0), a single page may contain all the data words for a two
variable function (2 curves 9 x 9 = 81). Arthree variable function would have 729 data
words (8 x 9 x 9) and require nine input sheets to show the whole program. Each
punched card contains one breakpoint, '

1-26. The LFI input cards are then processed by the IBM 1401 computer, which converts
the cards from the decimal card format to an octal card format. The input (decimal)
cards are scrapped after the output (octal) cards are checked and filed, according to the
alphanumeric sort number, in a work deck. A description of each item placed on the

LFI output cards is presented as follows:

a. Format A (Figure l—Zi.)
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1. Control Word - The number of variables of a function One variable (0100), two vari
ables (0200), or three variables (0300) is punched in the card. An eleven punch in col-
umn two of the card, in addition to the regular data, signifies a flag bit.

2. Sort Number - This number is a convenient combination of alphabetics and numer-~

ics which describes the order of this card. Two alphabetics and three numerics are
used.

Note
Refer to Appendix A for a chart concerning the number of cards, the

number of steps and the number of flags for the selected number of
variables. |

b. Format B (Figure 1-21,)

1. X Address - Consists of five identical words. It is the core memory location of the

independent variable X. In column two there is an 11 puuch in addition to the data (flag
bit). ‘

2. Sort Number - Refer to format A,

c. Format C (Figure 1-21.)

1. Same as card 2, except card 3 contains the independent variable Y

d. Format D (Figure 1-21.)
1. Same as card 2, except card 4 contains the independent variable Z.
e. Format E (Figure 1-21.)

1. Data - The stored data words tho! describe the function at the various fixed break-

points. In column two of the first data card only, there is an 11 punch in addition to the
regular data. '

2. Sort Number - Refer to format A,

Note

There maybe more than one card used depending upon the number of inde-
pendent variables. One variable requires a minimum of one data card,
two variables have a maximum of nine cards, and three variables have a
maximum of 81 cards. This note is applicable to formats E, F, and G.

f. Format F (Figure 1-21.)
1. Computer Time - The time allowed the computer to finish the interpolation. 02, 04,

or 06 will be used for a function of one, two, or three variables respectively, In column

two there is an 11 punch in addition to the data. Example: 04 (2 variables)
+0000+0000+0000+-0000

2. Sort Number - Refer to format A.
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18M 1401, 1410, 1440,
APPLICATION _LF1 PROGRAM {OUTPUT CARD FORMAT) .
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STORAGE LAYOUT

1460 DATA PROCESSING SYSTEMS
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Figure /-2/. LFI Progrom Ouvlputl Card Format
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g. Format G (Figure 1-21.)

' 1. Answer Address - Contains the core memory address when the result of the inter-
. , polation £(X, Y, and Z) is to be stored. The address is repeated five times, with the
; first and fifth address contammg a flag bit in columns 2 and 34.

1€

: “l 2. Sort Number - Refer to format A, .

W 1-27. The octal output cards are usually placed in band and quadrant order, according to
3 _' the alphanumeric sort numbers. (There are four LFI bands, each band containing four

quadrants.) After the cards are arranged in the output work deck, a tape can be punched
by the TPU. When an LFI tape is requested to be run, it is recorded on a Tape To Be

[l Run Sheet (figure 1-8).
’ 1-28, LFI PROGRAM TAPE,

: [l : 1-29. The LFI tape punching operation is similar to that of the general purpose program
3 tape (refer to paragraph 1-11). Each two lines of punched paper tape (each line con-
: u taining eight binary bits) represents one LFI computer-word. The LFI program tape 1s

~divided Into Several zones ((Igure 1-22), SiX dumfiy codes dre punched At the beginning
of the LFT tape reel. The least number of zones allowed is six for a single variable

: - function, seven for a two variable function, and eight for three varlables These zones
[' . are described in the following paragraphs.

1-30. Zone 1 - Control Word - One word, the first bit of which is always 1 (flag bit)
[l —and the second bit always zero. The tape format for a control word is shown in figure

1-23.

of every inter tor rd t

; [ 1-31, D represents the dummy code which is always 0111 and is located at the beginmng
; l . bits not recognized and X is valid bits. The binary/octal format of the control word is

shown in figure 1-24, where octal word A is the flag bit, octal digit C is not used, and
[ octal digits B and D are coded words. Octal digit B tells whether the Tunction is of one,
two or three variables, D tells which of the variablés are indexed.

L ntiy o o bl L G

97




o b ebibiumil ol L

deosalbadiobinia e i,

SO TR PN TV P

shiiidnalabblnda ey

i A it

il bl R 1
IR GIN SR MO N NN G G EE N EN G G @ G &R G & =

Sl L oA

o
2983

CONTROL WORD — ZONE |

X ADDRESS
ZONE 2

DATA WORDS

ZONE 5

COMPUTER TIME — ZONE 6

ANSWER ADDRESS
ZONE 7

ANSWER ADDRESS —ZONE O
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Figure [-22.LFI Program Tape Zones
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Figure |- 23. Conlrol Word Tape Formal




A B C D

FO OXX 000 XXX

Figure 1-24. Conlrol Word Binary /Octal Formal .

1-32. Octal d1g1t B is coded as shown in table 1-1,

 Table /-1 C‘o/)//o/ Word, Octal D/y//H Code

Number of Binary
Variables Equivalent
1 001
2 010
3 011

1-33. Octal digit D is coded as shown in table 1-2,

Table 1-2. Control Word, Octal Digit D Code

Indexed Binary
Variables Equivalent
None 000
X 001
Y 010
XY 011
Z 100
X, Z 101
Y, Z 110
X Y 2 111

1-34. Zone 2 - Consists of five identical words. It is the core memory location of the
independent variable X. The first word in zone 2 always has a flag bit and all five words
have the dummy code. The tape format and the binary equlvalent of an address instruc-
tion is shown in figure 1-25, .

1-35. Zone 3 - Identical to zone 2 except that it contains the address of the mdependent
variable Y.

1-36. Zone 4 - Identical to zone 2 or zone 3 except that it contains the address of the
independent variable Z,

1-37. Zone 5 - The data field consisting of the sequentially stored data words, which de-
scribe the function at fixed breakpoints. The first word in this zone always contains a
flag bit, and all words have a dummy code. The tape format and the binary equivalent
for a data word is shown in figure 1-26,

29



1-38. Zone 6 - Blank words that are used to allow the computer time to finish the in-
terpolation, The first word in the zone always contains a flag bit (F) and all words con-
tain a dummy code (D). Tape format for a computer blank word is illustrated in figure
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1-27.

30

. 1 7
D F A~~~
——~ 1 42
0 1111, XXX
7 7
-\r—-/\,—-/\—\
1 4214 21
X XXX X, XX0
TapeFormat.
di d2 d3 - d4
F 00X XXX XXX XXX
1, 421 421 421
1 7 7 "

Binary Equivalent

Figure |-25. Address Instruction Word

D F 7
N anaattan ah 4 2 1
-0 1111, X XX
7 7 4
S~ NN
4 214 2 14
X XXX X . X X0
TapeForrr'iat
d1 d2 a3 d4

F XXX XXX XXX X00
421 421 421 4
— ) N N Y
1 1 7 4

. Binary Equivalent

Frgure | —26. Dato Word
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Figure [-27. Computer Time Word, Tape Formal

1-39. Zone T - Contains the core memory address where the result of the interpolation
f(X, Y, Z) is to be stored. The address is repeated four times. The first word always
contains a flag bit and all four words have a dummy code. The tape format and binary
equivalent of the answer address is illustrated in figure 1-25,

1-40. Zone 0 - The fifth time the answer address is repéated, it is a single word
always containing a flag bit and dummy code. Zone 0 is used to reset the counter that
tells the computer that the interpolator program has been completed.

1-41, After the L¥I program tape is punched, it is ready to be placed on the computer
tape reader. The beginning of the LFI tape is annotated in the same manner as the gen-
eral purpose tape (paragraph 1-14), The same procedure used in loading and checking
the general purpose bands is also used for loading and checking the LFI bands. :

1-42. A sample interpolator program involving a one variable function is illustrated in
figures 1-28 through 1-31, Figure 1-28 illustrates the data contained on the LFI Data

Input Sheet; figure 1-29 illustrates the decimal cards; figure 1-30 illustrates the octal

cards; and figure 1-31 illustrates the program punched on the paper tape.

1-43. LFI PROGRAM CHANGE

1-44. Change procedures in the LFI program are 1dent1cal to those used for the general
purpose program; refer to paragraph 1-16.

1-45. DATA PRESELECT PROGRAM,

1-46. The data preselect program can be either the initial conditions type or the radio
alds type. The initial conditions program is used for spacecraft simulation, whxle the
radio aids program is used for aircraft simulation,

1-47. INITIAL CONDITIONS PROGRAM.

1-48. Information per:taining to the initial conditioné program is placed on an Initial Con-
ditions Data Sheet, punched on paper cards, transferred to a paper tape, and loaded onto
the data preselect band of the computer drum A block dlagram of the initial conditions
program is shown in figure 1-32.

1-49, Initial Conditions Data Sheet.

1-50. The data preselect cards for theinitial conditions program are punched from the
Initial Conditions Data Sheet. The data sheet is divided into eight sections. Refer to
figure 1-33 for a description of the eight sections on the Initial Conditions Data Sheet.




DATE ’ PAGE NO.
6-26-63 LINEAR FUNCTION INTERPOLATOR \

DATA INPUT SHEET '
REV. -~ REP.NO.

ist VARIABLE 2nd VARIABLE 3rd VARIABLE
P e iy

o

wo (D) Wk [o]o]s]0]o]2] | [] [x]aJoJol']

X Y z

wo (D) *w[ITTTZ[E] w B3] > [ [TTT] ~[T]
nw[:] zmol'] l I ] RPll l ] IXZ.D SORY Ho. uu mn

‘ . . 1
CARD ®‘AADD npAlolsl c10!2|09l5‘i|,scl—!0l3!
. soavno.m

i

% *Pogﬂs SCALED TAPE

f CURVE no.23 DATA
] coor] X DECIMAL DECIMAL

{0 0000 0000 0000 0000

21 1.0 |l0BOO 0.800 1000 0630

2.0 ||2000 2,000 .2500 2000

3.0 14000 | 4.000 5000 4000

s | 4.0 15400 | 5.400 1.6750 5314

e | 5.0 [|6500 6.500 | .8125 6400

7 | 6.0 [[7200 7.200 . .9000 . 7150

51 7.0 |7600 | 7.600 ] .9500 | 7464

o | 8.0 || 7999 7.999 9999 7774

oww. BRI (1T (07 (17 U U (T [0 (0

¥ REFER TO APPENDIX PAGE A-20 FOR A ILLUSTRATION OF THE LFI CURVE.

REFERENCE:

F-2237-8

NO, CHANGE NAME DATE

Figure |-28. LFI Program Example —LFI Dala Inpul Sheel

32

Sl PRI P " L
W SN oM S R N M N mE s oEe e Gl TR o am am o e
~ w




1 8 1

L !

Il

r.
L

-

¥

GEE N e o e

-

”
H

—

{

%

sNN2  13NGINN . ] Q971
23 ns o . QN2
1576 95 32 51 -3 ) AN 3
09NN _t ) A4IN4
N300 2 annng
2000 73 Q304
_5000 4 AI0I4
54005 Aa1%4
5390 % Q3704
3207 7 BLE
607 3 CELDES
3000 9 ARNN4
(]

oRBBO00O0000CO000000000000000000000000000000060060000000000000000000006000000000000§ Ko
$ 20858 18 SNSRI BNBNBRTNNANINRN ARSI WS S BOI0 I % YNNI IR N IR
(NER RN R R R R R R R R R R S R R R R RN R R R R RN R R R AR R RN ERREERERERERRREREE | 1RA]

222222222222222222222222222222222222222222222222722222222222222222.221222222222-22
333333333333333323333333333333333333333333333333333333332333333333333333233333331)
4444484448480 4008044044444444844340808444444344443444444843484944443044084400448
55555555555555555555595555555955995555555595555555555555559595555555555938559555453%
66665566855666566GF5666666556556S565666666G566868665665656565.6565565665566565_665
IR R R R R R R R R R R R RN R R R R R R R R RN R R R R R R R R R R R RN

§88880833836835880838808888884888888538888588888858888558888488838558888383888888
939933f
12104 wun: WMV DU NN FLEEVEETUY EPE SR Y (I RO [N S RIF 3 3 A PRI T AL IR I MR RTRTET RUNT FARNIFSE LEAN ARV § 3 .

:3
s ‘.a(. SOH

39999 99‘!9999999999999999 9999999“9993‘)999999999999 138 9899999999999999999/
LA | " 5NN . S A ~

v

Figure [-29. LFT Program Example — Decimal Inpyl Cords
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Figure 1-30. LFI Program Example——0Octal Oulpul Cords
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PRSIV WS

% CARD SORT
. - - NUMBER
% CONTRQL WORD — ZONE [-0100 NUMB!
g X ADDRESS — 1123 (5 TIMES)
L ZONE 2
o AA0O2
i ATA WOR «—— §{0)=.0000
0 ORDS <+— £(1.8)= .0630
ZONE 5 @ £(1.4)= . 2000
i . @——— §(38)=.4000 AA0O3
v AR : - £(1.2)=.5314
Lo oot <—— £(5.8)= .6400
——— £(3.4)=.7150
o« §(7.8).7164

G £(1.0)=2.7774

0000
COMPUTER TIME — ZONE € — g0400
ol ANSWER ADDRESS —1576 (4 TIMES)
! 1
TR ZONE 7
ot ™
bl - _
4.0+ o) ANSWER ADDRESS — Z0NE 0 - 1576
5,5”\: 3 %‘Ni' )

¥ REFER TO FIGURE I-30

AAOO4

AAQOS
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AIRCRAFT
DATA

MAJOR \
GHANGE
e

YES

MAKE

'CHANGE VIA

PROGRAM
CHANGE
NOTICE

DATA
PRESELECT

WORK

DECK

INITIAL ALLOCATE
CONDITIONS PUNCH CARDS
DATA CARDS " To BAND
SHEET YRR
(FIGURE 1-33)
REWRITE PUNCH
PROGRAM GARDS
Vpb&cu REPLACE PUNCH
: CHANGED |} TAPE
CARDS :
CARDS ON TPU

LOAD

MAKE DATA
PACKAGE
STORE
WORK DECK

{ COMPUTER

Figure |-32. | P Program (Injtial Conditions) Block Diagram
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" ™
d

SIMULATOR ’ ' SHEET or

$7 63 1A DITION
CRN/APPR m”mhcg;su NS DATA REQU!IRED:
PROGRAMMER DATE TAPED CARDSD
CHANGE BY DATE F2462 +2 LISTING

DESCRIPTION OF CHANGE

5 o ® © 906 o
n:.?ou ¥oR cmct// / WEFERERCE ! / / F/“

. » s

7 7 7

L

GRP C.™,

NO. ADDRESS
74=—75]17 8O

; DECHMAL ORUM
& 11ST OCTAL WORD]2ND OCTAL WORD LABEL MAGN I TUDE ADDRESS
v ]2 s 1oij1s 3sja) 55|66

69|

(D & - This symbol is filled in when the data is to be entered on the data
preselector drum-band. When recognized by the TPU (a 12 punch in
card), this code "arms' the TPU for punching data in the paper tape. -
If the data is a comment this column is left blank. -

@ OCTAL WORDS 1 and 2 - The octal value of the data to be stored on
the drum is written in these two columns. Because of differences in
the TPU format and the word length of the data preselector drum-
band, the following format is used in writing the two octal words:

OCTAL WORD 1 OCTAL WORD 2 _

e N

r N - N\
0XX XXX 0XX XXX XXX XXX 0XX 0XX ‘ T

Where: d is the octal digit, X is a valid binary bit, and 0 is not -
recognized: Bit 2 of d1 = the sign Bit; therefore, if Bit 2 =1 -
the sign is negative, , . -

LABEL - This column contains a description of the data A maximum
of 21 characters, includmg spaces. Words must be separated by a
space. : -

®

DECIMAL MAGNITUDE - This column contains the sign and magnitude _
(decimal) of the data to be stored.

DRUM ADDRESS - The data preselector drum-band address where
the data is to be stored. -

GRP NO. - The initial conditions group number for this data word; 00 -
through 37, octal.

9 @ © ©

C.M. ADDRESS - The core-memory address (octal) where this data
word will be stored when the initial conditions group to which it

belongs is selected. -
1 ITHS 1 i 1 i 1

Firgure 1-33. Initial Conditions Dafa Sheet
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1-51, Initial Conditions Card.

1-52. The initial conditions cards are punched from the Initial Conditions Data Sheet.
The cards are punched by an IBM 026 Printing Card Punch, The format for punching
the cards is shown in figure 1-34. After the cards are punched, they are arranged in a
work deck according to the group number and the core memory address.

l 1-53. Initial Conditions Tape.
: 1-54. The initial conditions tape is punched from the initial condition cards. The f{irst
two octal words on the cards are the only words punched on the tape. The ampersand
sign in column 1 on the card arms the TPU for punching the two octal words.
l 1-55. An example showing the steps involved in converting a decimal quantity to its
octal equivalent and the processing required to obtain the desired TPU tape format are
shown in figure 1-35, ‘

1-56. The initial conditions tape is used to load the program on the data preselect band.
Part of an actual initial conditions tape is illustrated in figure 1-36.

u '~ 1-57. Initial Conditions Program Change.

1-58. The change procedures are identical to those used in the generél purpose pro- -
gram. Refer to paragraph 1-16 for an explanation of the change procedures.

T ey
1-59. RADIO AIDS PROGRAM,

3

1-60. Radio aids program data is placed on Radio Facility Data Sheets, punched on
cards in decimal, converted to octal, transferred to a paper tape by the TPU, and loaded

l onto the data preselector band of the computer drum. A block diagram of the procedures
required to process the radio aids data is shown in figure 1-37.

PRRIUEENY

{' . 1-61. Radio Facility Data Sheet.
l _

1-62. The Radio Facility Data Sheet contains the information necessary to punch the
' three input cards. The sheet is divided into'three card-sections for convenience in’
3 ]l punching the three input cards. A standard procedure is required to {ill out the data

sheet for each type radio facility. The procedure for completing the Radio Facility Data
Sheet (figure 1-38) is as follows: ‘

; \»l a. Card #1
[ ' 1. TYPE-Six characters - fill in starting at extreme left. Any unused spaces will
El appear on the right. The type of facility used at the station. This will be filled in for all

types of radio aids stations.

{
R ' Example: ILS would appear as ILS
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Figure 1-36. Initial Conditions Punched Paper Tape

2. CALL LETTERS -~ Seven characters - fill in starting at extreme left. Any unused.
spaces will appear on the right. The identifying call letters of the station. This will be
filled in for all type radio aids. Two or three alphabetics will usually be written, but for
FM, BONE, Z, and LFM, numerics will be written, A 3 will represent a dash and al

w111 represent a dot

.Example: a. ACY would appear as A C Y

b. ._._would appear as 13 13

3. LATITUDE (Point of Touchdown) - Seven dig‘its - one digit for sign, two digits for
degrees, and four digits for fractional parts of a degree. This will be filled in for ILS

radio aids stations.
Example: N4.22‘5.6 degrees would appear as +04 2256

4, LONGITUDE (Point of Touchdown) - Exght digits - one digit for sign, three digits
for degrees, and four digits for fractional parts of a degree This will be filled in for
all types of radio aids stations.

- Example: E74.8279 degrees would appear as +074 8279

5. ELEVATION (Feet) - Five digits - this will be filled in for all types of radio aids
stations.

Example: 518 feet would appear as 00518,
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6. POWER - Four digits. 512/2048 would appear as 0512, 2048's considered max
power equivalent to 480 NM range. Thus 512 = 120 NM or 1/4 MAX RGE. This is
filled in for type codes 5, 6, and 7. (See figure 1-39.)

7. FREQUENCY - (MC or KC) - Four digits fxlled in for all types of radio alds
stations.

(a) 400 KC would appear as 0400 for type codes 6 and 7, but for type codes 4 and 5
the decimal point will be after the third significant digit. 117.5 would appear as 1175.

(b) A special code will be used for type cddes 1,2, and 3.

8. COSINE MAG. VAR. (Cosine magnetic variation) - Four decimal digits. Filled
in for type codes 5 and 7.

9. TD. TO L{C, (runway length minus distance from threshold to touchdown plus
1000 feet), Five digits - this represents the distance between TD and localizer in feet.
Filled in for type code 4 only.

Example: 9971 would appear as 09971

10. COSINE LATITUDE - Four digits with decimal point at extreme left. Cosine of
the latitude in the input data. Filled in for all type codes.

11. SORT NUMBER - Any convenient combination of alphabetics or numerics that de-
scribes the order of this card (where used). This number does not enter in the compu-
tation. Filled in for all type codes.

Example: 6 NY BGM 1. In this exémple 6 represents the type facility, NY the state,
BGM the call letters, and 1 the card number.

b. Card #2

1. MARKERS

(a) SINE AXIS - Sign and four decimal digits. Axis of facility is measured positive
clockwise from north (negative measured counterclockwise from north). I the angle is
between 0 and +90°, sign of the sine is positive. If .the angle is between 0 and -900, the
sign of the sine is negative., Decimal point of the sine is always assumed to be at the
extreme left, - Filled in for type codes 1, 2 and 3.
Example: +.0156 would appear on the form as +0156

(b) COSINE AXIS - Sign aﬁd four decimal digits. Axis is measured positive clock-
wise from north, Sign of the cosine is always positive. The decimal point of the cosine
is always assumed at the extreme left. Filled in for type codes 1, 2 and 3.
Example: +.0156 would appear as +0156

2. VHF

(a) MAG. VAR. (Magnetic Variation) - Write in directly.
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(b) SINE MAG. VAR. - Five digits, one digit for sign, four digits for the decimal
value of the sine of the magnetic variation. An east magnetic variation would have a

plus sign, and a west magnetlc variation would have a minus sign. (+ for East, - for
West)

3. ILS (Cross out facilities not associated with the ILS installation.)

(a) RNWY BRG (MAG) - Magnetic runway bearing in degrees with 360° magnetic
north. Write in directly,

(b) MAG VAR - Magnetic variation. Write in directly.

(c) RNWY BRG (TRUE) - True runway bearmg Write in directly. (TRUE =
MAG + M.V.)

(d) SINE BRG - Sine of the true runway bearing. One digit for the sign of the sine
and four digits for the numerical value of the sine.

(e) COSINE BRG - Same as (d) except cosine.

(f) G/S - Glide Slope Angle (degrees) - Three digits. The decimal point is assumed
to be after the first digit. 4.11 degrees would appear on the input sheet as 411, Filled
in for type code 4. Maximum angle 4.99 degrees, minimum 2.00 degrees.

4. LFRR

(a) MAG. VAR, - Magnsatic variation - same as previously explained.

(b) SINE AXIS - Five bits, one bit for sign and four bits for magnitude,
(c) CGSINE AXIS - Five bits, one bit for sine and four bits for magnitude.

(d) LEG NO. - MAG. BRG and DIA

(1) LEG NO. - The four A-N course legs. The leg numbers are counted clockwise
starting in the northerly quadrant,

(2). MAG. BRG - Magnetic Bearing, write in directly.

(3) DIA - Diameter of the circular radiation patterns. Consists of four decimal
digits with the decimal point at the extreme left.

5. ALL

(a) MISC - Miscellaneous - Six bits to be used whenever necessary (i.e., simulating
certain foreign facilities). If none used, leave blank.

- (b) SORT NO, - Same as Card #1.

c¢. Card #3

1. SIMULATOR NO, - A convenient seven character array that describes the simu-
lator being worked on,
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2 BASE ADDRESS J NUMBER - Base address wxll be a four digit number and J will
be a two digit number The base address is the octal drum address of the start of the
preselect data for this facility, and the J number is an octal number ranging from 00 to
37. Filled in for all type codes,

EXample: base address of 540 and a J number of 7 will appear on the sheet as 05-40 07

3. SORT NO, - Same as Card #1.

1-63. Radio Aids Program Cards,

1-64. The Radio Aids Input Cards are punched using the Radio Facility Data Sheet as

an input source. There are three cards of input data that are punched using a decimal
format (figure 1-34). Each card will contain a maximum of nine data words and a seven
digit sort number; each data word can contain as many as eight characters. The input
cards are punched with the same data (in the same order) that is contained in the three
card sections of the Radio Facility Data Sheet.

1-65. The input cards, punched directly from the Radio Facility Data Sheet, will be

placed into a IBM 1460 and converted into octal output cards (figure 1-34). The¢ number
of octal output cards will depend upon the radio aids "type' code (figure 1-39). The _
following paragraph contains a description of the data contained in the octal output cards.
Material is arranged by radio aid type code,

Type Code 1

MM - Middle marker of TLS (instrurﬁent landing system)
Type Code 2

oM - Outer marker of ILS
Type Code 3

FM - VHF (very high frequency) fan marker

LFM - Low power VHF fan marker

BONE -~ VHF location marker

Z - VHF location marker

Type Code 4

ILS - Instrument landing system
ILSDME - ILS distance measuring equlpment

Figure [-39. Radio Aids Tape Codes (Sheel /of 2)
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Type Code 5

LVR - Low power VOR (VHF omni directional range)
MVR - Medium power VOR .
HVR - High power VOR
LVRDME -~ Low power VOR distance measuring equipment
MVRDME - Medium power VOR distance measuring equipment
HVRDME - High power VOR distance measuring equipment
LVRLTC - Low power VOR with lower power TACAN
LVRMTC - Low power VOR with medium power TACAN
LVRHTC - Low power VOR with high power TACAN
MVRLTC - Medium power VOR with low power TACAN
MVRMTC - Medium power VOR with medium power TACAN
MVRHTC - Medium power VOR with high power TACAN
HVRLTC - High power VOR with low power TACAN
HVRMTC - High power VOR with medium power TACAN
HVRHTC - High power VOR with high power TACAN
LTC - Low power TACAN
MTC - Medium power TACAN.
HTC - High power TACAN
" UHF DF - Ultra high frequency direction finder

Type Code 6

H - No directional radio beacon (homing) 50 to 2000 watts

HH - No directional radio beacon (homing) over 2000 watts

MH - No directional radio beacon (homing) less than 50 watts

BC - Broadcast band

LMM - Compass locator station when installed at middle marker site
LOM - Compass locator station when installed at outer marker site

Type Code 7

MA - Range (adcock, vertical radiators), power less than 50 watts

‘MAZ - VHF range (adcock vertical radiators), power less than 50 watts
ML - Range (loop radiators), power less than 50 watts

MLZ - VHF range (loop radiators), power less than 50 watts

MRA - Range (adcock, vertical radiators), power 50 to 150 watts

MRAZ - VHF range (adcock, vertical radiators), power 50 to 150 watts
MRL - Range (loop radiators), power 50 to 150 watts

MRLZ - VHF range (loop rad1ators), power 50 to 150 watts

RA - Range (adcock, vertical radiators), power 150 watts or greater
RAZ - VHF range (adcock, vertical radiators), power 150 watts or greater
RL - Range (loop radiators), power 150 watts or greater

RLZ - VHF range (loop radiators), power 150 watts or greater
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1-66. Processing Type Code 1 and 2 Inputs (1 = MM, Z = OM). Each output card for the
radio alds program will contain a maximum of seven character-words, Each output
card, in addition to the last two octal words, will contain the following information,

a. Call letter - maximum seven alphabetics or numerics.
b. Type - maximuni six aiphabe{ics,

c. Card number - two numerics.

d. Octal address - four numerics.

e. Simulator - maximum seven alph.abetics or nunierics,

1-67. Preselect Data, The preselect data will appear on the first four output cards.

One word is punched on each card; therefore, Card 1 = Word 1, etc. At least one space
will separate the first two octal words. Call letters, type, and simulator number will
not vary from output card to output card for each station; however, the card number and
octal address will change.

1-68. Card 1. Items a, b, c, d, and e of paragraph 1-66 will be punched on this card.

The first two octal words of the preselect data for outer marker or inner marker inputs
will consist of an ampersand sign (&) followed by six 0's, a space, and then six more 0's,
The remaining two words will be all zeros.  The card number will be 1, and the address
will equal the base address of the input data.

Note

Refer to Appendix A for a chart concerning the data on each card for the
various radio aids type codes. - :

1-69. Card 2. The second card will consist of the same data as the first card, except
the address will be incremented by one {octal), and the card number will be 2, The two
octal words will be 000077 330000 and 200077 330000 or 000037 330000, depending upon .
the values in the frequency.input field. (See table 1-3).

1-70. Card 3. The third card w1ll be 51m11ar to card 2 except the . 'lddrESb will be in-
cremented by one (octal), and the card number will be 3. The two octal data words will .
consist of latxtude lower and latitude upper. :

Table I-3 Input Card Frequency Versus Octal Oulput

Input Card Frequency Octal Output
0700 00077 330000
2700 200077 330000
0300 0001’37 032000
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1-71, There are two methods of forming the data word for cards 3, 4, 5, and 6. The
system used on the 727 simulators is called the ""Continental U.S. Version'. The new
system to be used on the C-135 and the following simulators will be the "World-Wide
Version". The two versions are both explained below.

Co'nti.nental U.S.

a. The latitude lower and upper
for card 3 will be formed respec-
tively by subtracting the size of the
lower latitude from the latitude and
by adding the size of the upper lati-
tude to the latitude. The size of the
upper and lower latitude and longi-
tude and frequency are shown in

World-Wide

a. The latitude lower and upper
for card 3 will be formed respec-
tively by algebraic subtraction of
the size of the lower latitude from
the latitude plus 90° and by alge-
braic addition of the size of the
upper latitude of the latitude plus
90°. The size to upper and lower

table 1-4, latitude, longitude, and frequency
are shown in table 1-4.
Toble 1-4. Latitude, Longitude, and Frequency Field
Type Lat (Deg) Long (Deg) Freq (KC)
IFRR +4.1667 +4.1667 06
oM, MM +.1000 +.1000 Con. U.S. Version
+,3000 +.3000 World-Wide Version
Z, LFM +.1000 ' 4,1000 Con. U.S. Version
+.3000 +.3000 World-Wide Version
Bone, FM +.6667 +.6667
ILS, ILSDME 1.0 +1.0
HVR, MVR, HVRTAC,
MVRTAC, TACAN +4,1667 +4,1667
UHFDF ' +1,0 1.0 :
LVR +1.0 +1.0 : 06
LOM, LMM +1.0 +1.0 06
RBN, BC +4.1667 14,1667
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Continental U.S.

b. The two octal words will be
formed in the following manner,
The lower latitude will be divided
by 256 to produce a T-digit deci-
mal number from 0000 to .9999999. .
This number will be multiplied
successively by 2 to produce a 12-
bit binary number, The first two
bits will be ignored and bits 3
through 12 will make up the first
10 significant bits of the resultant
20-bit number. After division by
256, the upper latitude will form
the 10 least significant bits, The
resultant 20-bit binary word will
be converted to two octal words by
the following rules:

World-Wide

b. The two octal will be formed
in the following manner. The
lower latitude will be divided by
256 to produce a T-digit decimal
number from 0000 to .9999999.
This number will be multiplied
successively by 2 to produce a 10-
bit binary number. This binary
number will make up the first 10
significant bits of the resultant 20-
bit number. After division by 256,
the upper latitude will form the

10 least significant bits. The
resultant 20-bit binary word will
be converted to two octal words
by the following rules:

1. 1st character’ - beginning of word definer )
2. 1st two significant bits - will form octal digit 0 to 3
3. next three bits --will form octal digit 0 to 7 :
4. next two bits - will form octal digit 0to 3 > OCTAL WORD 1
5. next three bits - will form octal digit Oto 7
6. next three bits - will form octal digit 0 to 7
7. next three bits - will form octal digit 0 to 7 J
8. next 2 bits - will form octal digit 0 to 3 OCTAL WORD 2
9, last 2 bits - will form octal digit 0 to 3 '
Note

Four zeros will make up the last four digits of the second octal word.
This is the case for the second octal word of all data.

1-72. Card 4.

..C ontinental U.S,

a. The same process that was

used on card 3 can be used to form
card 4 except that, instead of sub-
tracting and adding the sizes of the
upper and lower longitude, the sizes
will be divided by cosine latitude be-
fore they are subtracted or added to
longitude.  The lower and upper lon-
gitude will be formed into a 20-bit
number and converted to octal in
exactly the same manner as card 3.
The base address .will be incremented
by 1 and the card number will be 4.

World-Wide

a. A similar process to the

one used on card 3 can be used to
form card 4, except that instead of
subtracting and adding the sizes of
the upper and lower longitude, the
sizes will be divided by cosine
latitude before they are subtracted
or added to longitude plus 1809,
The lower longitude will be divided
by 512 to produce a 7-digit decimal
number from 0.0000 to .9999999.
This number will be converted to
binary and combined with the upper
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Continental U.S. World-Wide

longitude to form a 20-bit binary
word. The resultant 20-bit word
will form two octal words in the
same manner as card 3. The base
address will be incremented by 1
and the card number will be 4.

1-73. Data Words. There are four data words for the outer or middle markers.

a. Data Word A - latitude - 19 bits, with a leading sign bit (0 = plus, 1 = minus)

b. Data Word B - longitude - 19 bits, with a leading sign bit (0 = plus, 1 = minus)

c. Data Word C - sine (10 bits) cosine (10 bits)

d. Data Word D - ten loéding zeros and elevation (10 bits)

1-74. Each word will be defined by two octal words, as was the preselect data. The call
letters, type, card number, base address and simulator will also be punched on the card.
(Refer to paragraph 1-66, items a, b, ¢, d, and e.)

1-75. Card 5. The call letters, type and simulator will appear the same as in Card 1, 2,
3, and 4. The number 200 will be added octally to the base address - 3j and multiplied
octally to form the octal address for this card, and the card number will be 5. The two

octal words representing latitude will be formed in the following manner:

Continental U.S,

a, The latitude, which was stored
when the input data was read in, will
be divided by 256 and converted to a
21-bit pure binary by successive
multiplications by 2. The first two
most significant bits will be ignored,
the most significant binary bit will
be made a zero, and the 20 resultant
bits will be converted to octal in the
same manner as card 3. (This will
form data word A.)

World-Wide

a. The latitude which was stored
when the input data was read in
will be divided by 256 and con-
verted to a 19-bit pure binary num-

" ber by successive multiplication .

by 2. A 20-bit binary word will be
formed; the most significant binury
bit is the sign of latitude (0 = plus,
1 = minus), and the remaining 19

bits are the magnitude bits derived

‘above. These 20 resultant bits

will be converted to octal in the
same manner as card 3, (This
will form data word A.)

~ 1-76. Card 6. Card 6 will be the same as card 5, except that the longitude will be con-

verted to two octal words, after division by 256. The card number will be 6, and the
octal address will be formed by octally adding 40 to the octal address of card 5. Card 6
will form data word B.
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a. Instead of the most significant
bit being a zero, it will be made a
one.

World-Wide

a. The most significant bit will be
the sign of longitude.’




1-77. Card 7. The card number is 7, and the address is octal 40 plus the octal address
of card 6. The sine and cosine of the axis which is contained on the input cards will be
converted to binary and then to octal. The sign of the sine will form the most significant
bit (minus will be 1, plus will be zero). The remaining 9 bits of the sine will be formed
by multiplying by 2, nine times. The cosine will be treated in the same manner to form
the 10 least significant bits of the 20-bit word. The 20 bits will then be converted to

two octal words and eventually punched out. Card 7 will form data word C.

1-78. Card 8. The card number is 8 and the octal address will be octal 40 plus the octal
address of card 7. The 20-bit elevation word will be formed by 6 miscellaneous bits
and 4 zeros, dividing the elevation +1000 by 16,384, and multiplying by two 10 times to
produce the remaining ten bits, The 20-bit word will then be converted to two octal
words. Card 8 will form data word D

1-79. This completes the description of processing of outer and middle marker inputs.
Some of the programming involved in this program will be duplicated with other type
radio aids. The upper and lower latitude and longitude for preselect and the formation
of latitude and longitude sine, cosine and elevation for other type radio aids will be
exactly the same as, or very similar to, those methods used in outer marker or middle
marker processing.

1-80. Processing Type Code 3 Inputs (Fan/Z Marker). If the type listed on input card
1is FM, Z, BONE or LFM, this program will be used to process them. The input data
for this program will be the same as that used for OM and MM (type code 1 and 2 in-
puts), although, as is the case with OM and MM, this program will not utilize all the in-
put words.

1-81. Preselect Data. Formation of the preselect data will be exactly the same as the
technique used for OM and MM

1-82. Data Words. Data words A, B, C and D will be formed in the same manner as
radio aid type codes 1 and 2, thh the following exception: In the case of data word D,
instead of the first 10 bits of the twenty bit word, containing 6 miscellaneous bits and 4
zeros, the first four bits will be formed according to table 1-5.

Table 1-5. First Four Bitls of Date Word D

' ‘Tyge - Binary Bits
LFM o 1000
BONE .. 0100

FM 0010

Z 0001

1-83. The remaining six bits of the most significant 10 bits of data word D will be placed
with zeros. The least significant 10-bits will contain elevation, and will be formed in
exactly the same manner as the 10 bits representing elevation for the outer and middle
markers,
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1-84. Call Letter Generation. In addition to the preselect data and the data words, this
program must generate call letters, There are four 20-bit words of call letters,
although only the first 16 most significant bits will be used in each word, and the re-
maining 4 bits will be miscellaneous bits and/or zeros; when processing ILS or
ILSDME, these fields may contain other data.

1-85. In the case of the Z marker, the program will merely insert 16 1's in each word.
In this case, the first octal word for cards 9, 10, 11 and 12 will be 373777,

1-86. Card 9. This card will contain the 4 most significant miscellaneous bits. They
will form binary bits 17, 18, 19, and 20. These are converted to be the first two octal
bits of card 9's second octal word. The remaining four octal bits will be zeros.

1-87. Card 10. This card will contain the 2 least significant miscellaneous bits. They
will form binary bits 17 and 18. These are converted to the first octal b1ts of card 10's
second octal word. The remaining five octal bits are zeros. :

1-88. Card 11 and 12, These cards will have the second octal word equal to 000000. In
the case of the other types of fan markers, the call letter words must be generated from
the numeric information contained in the input data word representing the call letters.
A 3 will produce three 1's followed by a zero. A 1 will produce one 1 followed by-a 0.
The program will continue to follow this process and count up the number of bits it has
formed. The counting and bit formation will commence at the most significant numeric

digit of the word. A 1 will be subtracted from the count after the last numerlc is pro-
cessed.

1-89. When all the bits are formed, the computer will divide the ‘count into 64,
and determine the quotient and the remainder,

.a. If the quotient is less than or equal to the remainder, the remainder will be divided
by the quotient. The integer obtained will be the number of zeros placed between the
call letters and after the last call letter. The call letters will be placed in the 64 bits
depending upon the number of times specified by the quotient.

b. If the quoti_ent is greater than the remainder, the quotient will be reduced by one,
and the count will be added to the remainder.

c. If the reduced quotient multiplied by five is less than or equal to the accumulated
remainder, the remainder will be divided by the quotient. The integral result will be the
number of zeros inserted between the call letters of the 16-bit words. Any uneven num-
‘ber of zeros left over will appear at the end of the last call letter.

d. T! e quotient multiplied by five is greater than the remainder, repeat steps b and c.

1-90. These 64 bits will form 16 bits of 4 binary words. The 4 least significant bits
(bits 17, 18, 19, and 20) of the 1st word will be the 4 most significant miscellaneous bits.
The 17th and 18th bit of the record word will be the 2 least significant miscellaneous
bits. All remaining bits needed to form four 20-bit words will be zeros. The four 20-bit
words will be punched out on 4 cards. There will be two cards of output data.

1-91. Call letters, type and simulator will not change on each output card, but card num-
ber and octal address will change (table 1-6).
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Table 1-6. Data Preselector Word Slorage Locations

Word

1 (Preselector Word 1)

2 (Preselector Word 2)

3 (Preselector Word 3)

4 (Preselector Word 4)

5 (Data Word A)

6 (Data Word B)

7 (Data Word C)

8 (Data Word D)

9 (First Call Letter Group)
10 (Second Call Letter Group)
11 (Third Call Letter Group)
12 (Fourth Call Letter Group)
13 (Data Woxrd E)

14 (Data Word F)
15 (Data Word G)
16 (Data Wourd H)

- Card Number

OO0 =IO M

*All arithmetic performed under this heading is octal.

Octal Address*

Base Address +4J
Base Address +4J+1
Base Address +4J+2
Base Address +4J+3 -
Base Address +J
Base Address +J+40
Base Address +J+100
Base Address +J+140
Base Address +J+200
Base Address +J+240

' Base Address +J+300

Base Address +J+340
Base Address +J+400
Base Address +J+440
Base Address +J+500
Base Address +J+540

1-92, Processing Type Code 4 Inputs (ILS).

1-93. Preselect Data. The preselect data will consist of two octal words consisting
of zeros on the first output card. The second output card will consist of frequency
in the first 10 bits. The first 9 will be as shown in table 1-7. These same 9 bits
will be the 11 through 19 bits inclusive of the frequency word. Bits 10 and 20 are
illustrated in table 1-8. Cards 3 and 4 will consist of latitude and longitude lower

and upper.
Table /-7 Type Code 4 Freguency Bils /thry 9
Frequency Bits 1 thru 5 Frequency Bits 6 thru 9

108 10100 .0 1000
109 10101 1 0100
110 : 11010 2 1010
111 - 11011 3 0101
112 C 11100 .4 0010
113 11101 .5 1001
114 01110 .6 1100
115 01111 i 0110
116 00110 8 0011
117 00111 .9 0001
133 10111

134 01010 ... -

135 01011

)
Logue—a
-

IR TN YT W RN




Totle |1-8. Type Code 4 Fregquency 8its 0 and 20

Type Bit 10 Bit 20
ILS 0 0
ILS DME 0 o1

1-94. Data Words. Cards 5 and 6 will consist of latitude and longitude (20 bits each),
formed in the same manner as previously described.

1-95. Card 7. This card will consist of true runway bearing sin and cos: one bit for
sign, and nine bits for the magnitude of both sine and cosine, for a total of 20 bits. A
. zero in the sign position denotes positive sign and a 1 denotes negative sign.

1-96. Card 8. This card will consist of 1 and zero in the two most significant bits for
ILS and two 1's for ILS DME. The next six significant bits will be the miscellaneous
bits from the input data, The 12 least significant bits (for a total of 20 bits) will be
elevation, The elevation +1000 in the input data will be divided by 13,384 and converted
to 12 binary bits.

1-97. Call Letters. Cards 9, 10, 11 and 12 will consist of the call letters, The call
letters will be formed from the alphabetic call letters in the input data and not repeated,
as in the case with markers. The call letter bits will be formed starting with the first
word and any unused bits will be ""padded" with zeros. Spaces between letters will be
represcnted by three zeros as shown in table 1-9. There will be a maximum of three
call letters in the input.data.

1-98. The four least significant bits of cards 9, 10, 11 and 12 censist of the binary
representation of glide path angle and runway length minus distance from threshold to
touchdown. Two will be subtracted from the glide path angle in the input data and the
result will be divided by three and converted to binary. The four most significant bits
of glide path angle will be placed in the four least significant bits (17, 18, 19 and 20) of .
card 9, The four least significant bits of glide path angle will be placed in the four least
significant bits of card 10.

1-99. The eight bma.ry bits of runway length minus threshold to touchdown +1000 feet
after division by 16,384 will be placed in the four least significant bits of the data word
on cards 11 and 12, The four most significant bits will be described by the second octal
word of card 11 and the four least significant bits will be described by the second octal
word of card 12.

1-100. Processing Type Code 5 Inputs (UHF/VHF).

1-101. Preselect Data. The first preselect word will contain 20 bits of zeros. The
second preselect word is frequency, which is formed in the manner previously described,
except that the 10th and 20th bits are as shown in table 1-10.
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: I‘l Table |-9. Call Letter Generation
3 l Call Letter Binary Equivalent Number of Bits
: {l A 10111000 _ 8
E ' ‘B 111010101000 12
;3 - C 11101011101000 . 14
[ D 1110101000 ‘ 10
] l E 1000 , : 4
' F 101011101000 . : : 12
; G 111011101000 = 12
[l H 1010101000 | 10
3 I 101000 6
% _ J 1011101110111000 - 16
] ( : K 111010111000 : 12
l L 101110101000 12
E M 1110111000 10
¥ N 11101000 : 8
, (o) 11101110111000 ‘14
: P 10111011101000 - 14
3 Q - 1110111010111000 , 16
: (l R 1011101000 o 10
E S 10101000 8
{_ T 111000 - 6
. U 1010111000 = - ’ 10
' [' \'4 101010111000 . 12
: w 101110111000 : 12
i X ©11101010111000 . 14
[l Y © 1110101110111000 16
f Z 11101110101000 - 14
3 - i}
L
Ll Table /-10. Type Code 5 Frequency Bits /0 and 20
Type Facility Tenth Bit Twentieth Bit
-VR 0 0
- =-VR - TC . 0 1
-VRDME 0 1
-TC 1 1

- o i
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' 1-102. The third and fourth préselect words will be two 20-bit words consisting of
latitude and longitude lower and upper respectively.
' 1-103. Data Words.
l a. Data Word A - Card 5 - latitude (20 bits)
b. Data Word B - Card 6 - longitude (20 bits)
l c. Data Word C - Card 7 - Sine and cosine of magnetic variation. One sign bit
(either 1 or 0) and nine magnitude bits each. '
' d. Data Word D - Card 8 - Type and elevation. The type is formed according to table
1-11.
l Table 1-11. Data Word D Type Code 5
l Type ILS DME VOR UHF-DF TAC BRG
l LVR 0 0 01 0 0 o
- MVR 0 0 10 0 0 0
’ HVR 0 0 11 0 0 0
l LVR DME 0 1 01 0 0 0
MVR DME 0 1 10 0 0O o0
l HVR DME 0 1 11 0 0o 0
LVR LTC 0 1 01 0 0 1
LVR MTC -0 1 01 0 1 0
' LVR HTC 0 1 01 0 1 1
MVR LTC 0 1 10 0 0 1
MVR MTC 0 1 10 0 1 0
' MVR HTC 0 -1 10 0 1 1
HVR LTC 0 1 11 0 0 1
l . HVR MTC 0 1 11 0 1 0
HVR HTC 0 1 11 0 1 1
LTC 0 1 00 0 0 1
A MTC 0 1 00 0 1 0
HTC 0 1 00 0 1 1
' UHF-DF 0 o 00 1 0 o0
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1-104. Processing Type Code 6 Inputs (LF),

1-105. Preselect Data. The preselect data will consist of two octal words consisting of
zeros on the first output card. The second card will consist of the lower frequency in the
first ten most significant bits and upper frequency in the ten least significant bits. Fre-
quency will be formed by subtracting the size (table 1-4) to lower frequency from the
frequency in the input data, and adding the size to upper frequency to the frequency in the
input data. The two formed numbers will be divided by 2048 and converted to ten binary
bits., Cards 3 and 4 latitude and longitude will be formed as previously described.

1-106. Data Words. Cards 5 and 6 will be 20 bit latitude and longitude respectively.
Card 7 will be the frequency-converted te binary after division by 2048. The 13 most
significant bits will contain frequency (with a leading bit of zero), and the seven least
significant bits will be padded with zeros. Card 8 will contain a leading bit of zero. The
next nine significant bits will contain power (divided by 2048) and converted to nine bi-
nary bits. The last 10 bits (Card 8) will contain elevation +1000, formed as previously
described. '

1-107. Call Letters. The alphabetic call letters contained in the input data will be used
to generate the 64 bits of call letters, The call letters will be generated according to
table 1-9. Call letters will be generated as many times as possible for one-letter calls,
twice for two-letter calls, with at least five zeros spacing between each word, and after
the last call letter. Where three call letters are used, generate the call only once.

1-108, The process to be used is explained in paragraphs 1-88 to 1-90. The four least
significant bits in each of the third and fourth call letter words will be padded with
zeros. The first and second call letter words will have the miscellaneous bits.

1-109. Processing Type Code 7 Inputs (LFRR).

1-110. Preselect Data. The preéelect data words are formed in exactly the same manner
as used in Type Code 6 (LF).

1-111, Data Words.
a. Data Word A - Card 5 - 20 bit latitude
b. Data Word B - Card 6 - 20 bit longitude

c. Data Word C - Card 7 - The most significant 13 bits (with a leading bit of zero)
_contain the frequency. The seven least significant bits are ""padded” with zeros.

d. Data Word D - Card 8 - Most significant bit = 1; next nine bits = power divided
by 2048; ten-least significant bits = elevation +1000 divided by 16,384.

1-112. Call Letters. Same as Type Code 4 process, paragraph 1-97, except the first
16 bits of the first call letter word will be zero. Remainder of bits will contain the call
letters formulated once, with zero "padding' for the remaining bits,

1-113. Data Words E, F, G, and H. These data words are used only in the simulation

of LFRR facilities. The storage locations of these words can be found by utilizing table
1-8.
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1-114. Data Word E punched on card 13 will consist of the diameters of the first two
circles (LEG No. 1 and 2), in the input data (ten bits each). Data word F punched on card

14 consists of the diameters of the last two circles (LEG NO. 3 and 4), in the input data
(ten bits each).

1-115, Data words G and H, cards 15 and 16, will consist respectively of the sine and
cosine of the axis, and the sine and cosine of the magnetic variation. The sine will be
made up of one bit for sign and nine bits for magnitude. The cosine will always be posi-

tive and consist of a zero and nine magnitude bits., These conditions hold true for both
axis and magnetic variation,

1-116. The octal output cards (processed by the IBM 1401) are filed numerically accord-
ing to the sort number in an output work deck. (The sort numher appears in the center of

{\1e oulput card.) After the output cards are arranged, a tape can be requested on a Tape
To Be Run Sheet (figure 1-8),

1-117. Radio Ai's Program Tape.

1-118. The data on the radio aids tape is punched from the 20 binary bits, representing
an octal word, at the end of each output card. The first binary bit on the output card is
preceded by a "'12 punch', which arms the TPU and punches the data into the tape. Refer
to figure 1-40 for the radio aids tape format.

1-119, The descriptive information cohcerning the radio aids tape is placed at the be-
ginning of the tape. The descriptive information is similar to the information contained
in paragraph 1-14, The one tape reel generated in the radio aids program contains four

quadrants., The radio aids tape reel is placed on the computer tape reader, transferring
the data to the data preselector drum band. '

1-120. A sample data preselector problem involving a radio aids facility will be shown
as follows: figure 1-41 illustrates the Radio Facility Data Sheet; figure 1-42 illustrates

the decimal card format; figure 1-43 illustrates the octal card format; and figure 1-44
illustrates the punched paper tape.

1-121. Data Preselect Change Notice.

1-122, The Data Preselect Change Notice (figure 1-45) is the basic document for re-
cording ‘a minor data preselector change., If major changes occur, new Radio Facility
Data Sheets are filled out. The Data Preselect Change Notice gives a detailed descrip-
tion of the change and the location of the change on the cards. Each time a program
change is loaded onto the drum, a Drum Status Sheet (figure 1-11) is updated.
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TAPE FORMAT

Dz DUMMY GODE
R= RADIO AIDS DATA
20 BIT WORD LENGTH
MAX OCTAL NO.=37 377733

N
WORD | - ZERO
WORD 2~ FREQUENCY > PRESELECT
i} WORD 3-LATITUDE (U AND L) WORDS
WORD 4-LONGITUDE (U AND L)
A- LATITUDE b
B—LONGITUDE
G- SIN AND GOSINE (MAG. VAR.)
D-TYPE AND ELEV. DATA
CALL LETTERS —| > WORDS
CALL LETTERS -2
CALL LETTERS —3
CALL LETTERS -4 J

DUMMY CODE 3

2 e
Q@OQ@ ®®®
e
©OOO OO

7 3 3

5666 6-066

Figure 1-40. Radio Ards Tape Formal
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R 1P WX WS A A7 [ XY TR
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. N . R ARWIE philes b T

DRUM : '

_LOG CARD o.P RADIO AIDS DATA PRESELECTOR
2540] Ol 000000 00 WORD | “ZERO

2541 02 060214 02 WORD 2 -FREQUENCY(LOWER & UPPER)
2542 -(;-:;— 211543 3t WORD 3 ~LATITUDE (LOWER 8 UPPER)
2543 0 1 30026 31 WORD 4*LONGITUD£(LOWER & UPPER)
2630} 05 030673 20 A-LATITUDE

2670]| 06 200104 13 B— LONGITUDE .

2730 07 220737 23 C~SIN & COS OF MAG VAR

2770 08 040004 10 D-TYPE & ELEVATION

3030} 09 271216 00 CALLvLETTERS—I
3070} 10 363072 QO CALL LETTERS—-2

3130 0" 000000 0O CALL LETTﬁRS""B .

3170} 12 000000 00 CALL LETTERS-—-4

Figure 1-44. DP P}og'mm Example — Punched Paper Tape
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SIMULATOR__ = ‘l; DATA PRESELECT SHEET OF
CRN/APPR ctureir':?;locne DAYA REQUIRED:
MK
PROGRAMMER DATE GENLRAL PRECISION. INC TAPEE:] caros []
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NO. | ADDRESS C 0 NO OCTAL WO ORD
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Figure [—45. iJ¢rr v wioct Change Nolice
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2-2. This section contains a description of the software data package supplied with the

simulators, incorporating the Mark I or the Mark II digital computer. The data package

supplied with the simulator contains program cards, program tapes, and program list-
- ings., These items are necessary to maintain a flight simulation program.

2-3. PROGRAM CARDS,

2-4, General purpose eight operations cards, linear function interpolator cards, data
preselect cards, analog core memory cards, and Boolean core memory cards are sup-
plied in the data package. The general purpose eight operations cards, the analog core
memory cards, and the Boolean core memory cards are punched octally by the IBM 026
Printing Card Punch. However, the data preselect cards and the LFI cards are punched
decimally by the IBM 026 Printing Card Punch and converted to octal by the IBM 1401
Computer. When extra copies of cards are required, they are duplicated by the IBM 519
Card Reproducer.

2-5. PROGRAM TAPES.

2-6. The program tapes are punched from cards placed in a TPU. The general purpose
tape is punched from the eight operations cards, the LFI tape is punched from the LFI
output cards, and the data preselect tape is punched from the data preselect. output cards
supplied in the data package. Extra tapes are punched either from punched cards or du-
plicated from the punched tapes by the TPU, '

2-7. PROGRAM LISTINGS,

2-8. Program listings are made from punched cards that are processed by the IBM 1401
Computer and printed up by the IBM 1402 High Speed Printer. There are several types
of listings that will be discussed as follows: ' '

- a, Numerical List of Equations. This listing contains all the programs listed numer-
Ical order. This listing 1s produced from the program title cards. Included in the listing
is the following information: (1) the drum band type (fast, medium, or slow) where the
equation is located; (2) the equation name; (3) the initials of the originating programmer
(on an equation-by-equation basis); and (4) the date of origin of each segment of the pro-
gram (on an equation-by-equation basis). Figure 2-1 illustrates the format used for this
listing. : ‘

b. Drum Order Loading of Equations. This listing provides the programmer with the
order in which the various program segments are placed on the drum. Because these
segments are the solutions to the various flight equations, they are referred to by their
associated equation number and name. This list is made up from the general program
title cards in drum band order. Included in the listing is the following information:

(1) the drum band and quadrant where the solution to the associated equation is located;
(2) the name and nuraber of the equation; (3) the originating programmer's initials; and
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| (4)_ the date the particular program segment was written. Figure 2-2 illustrates the for-
mat used for this listing.

c. General Program Bands (8-OP) Listing, This listing contains the instructions for the
“general program bands. The list 1s derived from punched cards which contain eight in-
structions per card. Included in the listing is the following information: (1) card num-
ber; (2) operation code and specified address; (3) the equation name and number; and

4) the band type (fast, medium, or slow) where the instructions are located. Flgure 2-3

- illustrates the format used for thxs hstmg

d. Core-Memory Locations, Analog. This listing provides the programmer with a nu-
merical Tist of core-memory locations (non-Boolean) and a short description of the data
stored therein. This list is made directly from the analog core memory cards. Figure
2-4 jllustrates the format used for this listing.

e. Core~-Memory Locations, Boolean. This listing providés the programmer with the

pseudo coded address of the one-bit Boolean words contained in core-memory. Included
in the listing is a brief description of the data contained in each Boolean-core location.
This list is m~de directly from the Boolean core memory cards. Figure 2-5 illustrates
the format us-d for this listing.

f. Linear Fu..ction Interpolator Program Listing. This listing contains the data for

linear interpolation of the various function curves used in the simulation program. This
listing is obtained from the LFI output card deck. Included in this listing are the

addr: -zvs of the variables and the octal values for each breakpoint. Figure 2-6 illus-
trates the format used for this listing.

g. Data Preselector Program (Initial Conditions) Listing. This listing contains a

printout of initial conditions data from the initial condition cards. Included is the follow-
ing information: (1) first octal word, (2) second octal word, (3) description, (4) Simulator
Type, (5) drum address, (6) group number, and (7) core memory address. Figure 2-7 .
illustrates the format used for this listing.

h. Data Preselector Program (Radio Aids) Listing. This listing contains a printout

of the radio aids data from the data preselect output cards. Included is the following
information: (1) station type; (2) station call letters; (3) drum band address; and (4) all
variables. Figure 2-8 illustrates the format used for this listing.

i. General Program Bands Listing (Absolute). This listing is produced by the IBM 1401
Computer, with the aid of analog and Boolean core memory magnetic tapes. It contains
the instructions used in the solution of the various flight equations. When the OP-Code
addresses a core address, the core address description is printed out in the data
description. This listing differs from the 8-OP listing in that the actual band address
is included. Figure 2-9 illustrates the format used for this listing.

j. Listing of Core-Memory Loads and Stores (Read/Write Table). This listing provides

the programmer with the equation number and band addressof all instructions which are

" used to insert or extract core-memory data. Figure 2-10 illustrates the format used

for this listing.
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Equation Number Instruction Equation Eqﬁfal:?on
Count Name Programmed
*Band Type Simulator i Programmer's /
‘ ' \ < Type Initials
— N—— 7 " e ~N 7 4 N wthen S
0415 ) F11-017 C1358 TURN RATE ] STAE. AX1IS [RSJ] CWS 10.4.600242
0420 i F12-025 C1:258 “OﬁENT X ACF AXIS [™XA] CWS 1045462 00984
0425 o F12=015 C1235E MOMENT Y ACE AXIS [XMYA] CwS 10e024462 00997
043 F12-025 C125@ MOMENT 2 ACE AXIS [MZAJ CwS 10.04462 01048
04325 - UF11-02C C135E SIN AND COS THETA CwS 10-02-62 00085
0450 F11-009 (125f SIN BANK ANGLE "CWS 10-3-62 00096
0455 F11-009 (1288 (0S EANK ANGLE (WS 10-3-62 00121
0460 F11-00% C128¢ SIN TRUE HFADING CWS 10-3-62 00106
0465 ' F11-709 (1258 COS TRUE HEADING (WS 10-3-62. 00111
0470 _ Fla-1¢5 C~1258 FLTe INTEGe BFS B8-13-63 01994
0600 F11-214 C-125E GR, REACTION 2FS 8.15.63 REV A 00394
gé6cl  F13-741 NOSE WHEEL STEERING J.HUNT 01287
06C2 M23-n83 (-135E BPAKE EFFECTS BFS 8-19-63 07166
06890 M23-026 (C1258 OUTSIDE AR TEMP CWS 11-12-§2 . 06980
0685 F14-018 C~12t2 CELTA HP BFS 8-2-63 01981
07¢C5 : . M12-025 Cl252 AMBIENT PRESSURE ' 04226
0725 123=-043 (-1Z5E fLﬁ. PRESS~ALT SET EFS 8-13-63 07128
0726 F14-215 C1358 AILERON AUTOPLIOT CWS 01-11-63 0224C
or27 Flu-180 C1288 ELEVATOR AUTOPILOT CWS 1-23-63 02384
0728 _ Fl4~-C&0 C135F RUDDER AUTOPILOTY CS 1-28-63 02506
0729 M22-022 C1252 AUTCPILOT POWER (WS 1-23-63 06734
*F = Fast, M = Medium, S = Slow

L9

Figure 2~|. Formatl for Numerical List of Lquotions
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Equation Number

Assembly
Instruction S Programmer's System Sort
Band Type Qnt Equ%t;on Naq Initials Date ' Nu}nber
\ \

0721 ‘ F14-180 czzsa ELEVATOR AUTOP!LOT CWS 1-23-63 02384
0728 F14-060 C1358 RUDDER AUTOPILOT CS 1-28-63 02506
0732 F14-038 C1358 ELEV AUTOPLT TIE IN CWS 2-7-63 02550
0734 Fl14=C46 C1358 RUDDER AUTOPLT TIE CWS 2-7-63 02584
0801 F14-053 LATERAL CONTROL-AILERON MC 2-6-63 02625
- BLOCK END  CODE 02663
MEDIUM ONE 1358 © QUAD 1 010 0026640001
2076 M11-085 C~135B LOADMETER INDe AD 12~26-62 02670
2081 M11-172 C1358 GEN SPEED AND VOLTS AD 12-20~62 02743
2082 M11-150 C-1358 AC VOLT-FREQ METER AD 12-26-62 02960
2084 M11-063 C-1358 DC METEPS AD 1-9-63 03042
2085 M13-125 C-135B BATT CHRG CKT AD 2-8-53 03100
2086 M11=142 C=125 B MAX GEN PWR PEF AD 12-21-62 03220
2087 M11-159 C1258 LOAD DISTPIP AT 12-22-62 02359

B 2010 M11-076 C-1358 L+G WAPN HOPN-GPO RELAY BFS 10-8-62 03492
- PLOCK END  CODE 03589
MEDIUM ONE ~ €1358B QUAD 2 011 0035902001
2061 M12-123 C-135R STAB TRIM DRIVE AD.1-22-63 03591
2050 M12-126 C-135B L-R HYD SYS FLOW = FLAP RATE BFS 12-03698
2053 M12~140 C-125B L-R SYS, HYD. PRESS BFS 12-17=-62 03827
2055 M12-057 C1358 RUD.HYDePRESSe BFS 11-21-62 03951

Figure 2-2. Format for Drum Order Loading of Equations
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Equation Operation'

Number

FAST ONE
1200200
75000
122000
202211

sS000N
120009
100¢C)
232227
203761

80000
120000

32221
1n10n2
10CCCO
120209

3221%
1nInng
105009

Code

&000

6202205
6£C50000 -

§120000
§253777
6232223
&203766
£101001

£202205

6120000

6010000

6222205
§12000¢C

Address or .

Band & Quadrant

Constant . (Octal) -
C115R QUAD 1 000
& 6. ' ,
F11-056 C1358 L1 M2) N3] CE CWS 09-25-62 |
£050000 6120000 6253777 6120000 6253777
£120000  §253777  £120000  §253777 6233767
6253777 £12000n  §251777  §233770 6202221
5120000  £253777  £233771  §020000 5023767
£203766 5023767  £253777 013770 6023771
§120000 §C13767 6023770 = 6023771  £100001
6023766  §023767  £023770 6023771  £100002
CF11-021 C€135B L2IM1-DIRe COCs CWS 09-24-62
1 £032211  £120000 6253777  £120000 6253777
£253777  £120500° 6253777  £n20000 6100002
£217°00C 51700202 £§23222¢4
F11-021 C135B M3 IN2-DIR COSe CWS 09-24-62
£032221  £12C000  §253777  £120000  £253777
§253777  £120000  £253777  £020000  £100062
EN1ANGD §1A0892 £232230

F11-021 C1358 N113] L3-DIR,

C0Se CWS 9-24-62

£233766001
£202215002
6£n5000N0N3
§013766004
6100001005
£232233006
6232222007

§202215010

6232226011

012

§202211012
£232232014
c15

Figure 2—3. Format for General Program Baids 8-0P Listing
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3
Originating
: , Programmer's Core Memory
Data Description » Sketch Number Address (Octal)
o = - N e S ' N
STABILIZER TRIM CONTROL WHEEL 462134 SH2 0254
START LEVER NO 1 v _ 462134 SH3 0255
START LEVER NO 2 ' ) 462134 SH3 0256
START LEVER NO. 3 - e . . 462134 SH3 0257 .
START LEVER NO 4. ' L 462134 SH3 0260
X ®VISUALD R » | RA039 0261
Y %VISUALD : RA039 ' 0262
ZA-ZF %VISUALT _ . o . .RA039 . ' 0263
ADF LOOP ~ 1 ERROR ‘ RA030 0264 .
ADF LOOP - 2 ERROR | RAD31 0265
PILOT LEFT BRAKE PEDAL 464091 SH2 0266
PILOT RIGHT SRAKE PEDAL : : 464091 SH2 0267
CO PILOT LEFT BRAKE DEDAL 464091 SH2 : 0270
CO PILOT RIGHT BRAKE PEDAL : : 464091 SH2 0271
PARAMETER SET 473563 SH3 . 0272

Figure 2-4. Formot for Core-Memory Locations, Analog
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—
START IGNITION FAIL

Data Description

N

START IGNITION FAIL
START IGNITION FAIL
START IGNITION FAIL
HOT START - ENG 1
HOT START = ENG 2
HOT START - ENG 3
HOT START - ENG &
HUNG START = ENG
HUNG START - ENG
HUNG START - ENG
HUNG START ~ ENG
SURGE BLEED PORT STUCK
SURGE BLEED PORT STUCK
SURGE BLEED PORT STUCK
SURGE BLEED PORT STUCK
FLAMEOUT - ENG 1 o
FLAMEOUT - ENG 2
FLAMEOUT - ENG 3

t ot
S W N

ENG
ENG
- ENG
ENG

ENG 1
ENG 2
ENG 3
ENG &

Sketch Number -

Originating
Programmer's

N

4

B4630315H2

B463031SH2

B463031SH2

~ B463031SHZ

‘B4630318H2

84630315H2
B4630315SH2

"B4630318H2

B4630315H2
R4630315H2
B46130315H2
B4630315H2
B463031SH2
B4630315H2
B4630315H2
B4630315H2

- B463031SH3

B4630315H3
B463031SH3

~N

Boolean
Core-Memory
Address (Octal)

0020
0021
0022
0023
0024
0025
0026
0027
030 .
0031
0032
0023
0034
0035
0036
0037
0040
0041
0042

Figure 2-5. Format for Core—Memory Locations, Boolean




-3
& Not Used
Number
~of Indexing . ‘ . Break Point :
Variables Digit X Address Y Address - Values -Sort Number
\\\‘208/ A_J!; . a , A AACOL

266 61266 51266  £1266 £1266" A AA0O2

(3304 61304  613C4 £1304 61304 ) A AA003

(60 60160 60264 0424 60750 52230  £3310 64434 55454 A AA0O4

140  £0234 60334  £0654  §0674  &£1510 62254  &3114  £373C A AA0OS

220 60310 60404  §0S0C 60620 §0770  &l214  §1574 62200 A AA0O6

304 ° 60374 &047C 50564 60664 &0770 &£1174 51470 &2040 A AAQO7

Computing 430 60514 60604 §0674 0770  £1074 61214  &1360 51604 A AACOB
Time 630 607C4  §0T70  £1064  Gll54 61264 . G1400  &l544  §2000 A AADO9
7ED000 &0000 £0000 £0000 £0000" A AAO10

J340 51340  §1340 1340  6J340 A AAO1l

100 . A Amgol

J301  §1301 §13C1  £1301 51301 A AROD2

220  £0420 60624  §1114  §1570  §2604 64350 67360 A AR0O3 |
. A~ AROD4 :

J341 61241  £1341 61341  £J341 A ARONOS

200 . ' A ACOO1

J267 51267 61267 61267  §1267 A AC002

J265 61265 61265 61265 61265 A AC003

4 60030 60154 60254 60634 61224 651760 - A ACOO&

16 © §004t 60126 60310  £0560 61130  &lesn  £2420 A ACCOS

46 50140 50266 60534 61114  §1670 §2640 3654 A ACO06

70 60174 60360 £0740 51460 2470 53544 64024 A ACCO7

Figure 2-6. Formal for Linear Function Inferpolator Listing
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Second Octal ' : Group
Word ‘ . Address
First Octal ' . Simulator  Drum Core Memory
" Word / Description | Decimal Type Address \ Address

2734 4111 SIN (LA4SDA} MSB T27-HI 101} ns 1010
112 0333 = COS :LAM) MSB .(REL) T27-H1 1012 04 1011
15 2412 . ORB RADJUS X VEH VEL  ,——"—— T27-H1 1013 04 1012
512 2000  QUAT € (1) «332525 T27-H1 1014 04 1013
‘2135 7510  QUAT £ (2) ~e12103 T27-Hl 1015 04_101%

511 7550 ~ CUAT € (3) 433196 T27-HI 1016 04 1015
135 670 GUAT E (&) ~12082 ' T27~-Hl 1017 04 1016
6CC 0920 BOOL INITIALIZE : T27-H1 1020 04 1017
430 25620 K %lu T27-Hl 1021 Q4 1020
1416 6133 K %U%G) ‘ T27-HI 1022 04 1021
1232 0000 K %V%G) : CCT 6000 T27-HI 1023 04 1022
1212 2430 K %R%G) ’ - T27-H1 1026 04 1023
ORE RACIUS (LS8) - T27-HI 3025 04 102%
ST SLAMI(LSE) ' T27-H1 1026 04 1025
SIN SLAM)(LSR) T27-HI - 1027 04 1026
CO5 wLAM) (L55) | : T27-Hl 1030 04 1027
SIN BLAM) (RPEL) .58 ) T27-11 103} 04 1030
COS %LAM) (PEL) LSB _ T27-H1 3032 041031
1317 0030 K %Foa : T27-H1 1033 04 1032
712 4000 CONSTANT(FUEL STC1) G T27~HI 1034 04 1033
636 2000  CONSTALT(OX STG 1) GU T27-HI__ 1035 04 1034
707 6000 CORST (FUEL STG 2) GU » T27-41 1036 04 1035

gL

Figure 2-7. Format for Data Preselector (Initial Conditions)Listing
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= o r— Frequency
Data Preselector ' ) —— X Coordinates
Word ' Y Coordinates
Facility  Call Drum Simulator Lower Upper _ Drum Data
Type* Letters Address Type Limits Limits Format
e U cxtn S et f——"f—‘\r'_/\““\/“’\—\ r ~ N
MM AKN 02 010% C135R02 &00N0077 330000?}— no 1111111111
MM AKN 03_ 0106 C135BC2 6222145 030000 }— 10010100011001010011
MM AKN 4 0107 €135R02 £§011502 330000 \—J 00001011010000101111
MM FAl 01 . 0110, C135B02 &£000000 000000 ' -
MM fAI 02 , 0111 Cl135r02 6000037 330000 oc 111111111
MM FAl 03'. 0112 €135802 §231246 3C0000 10€110101C10211C1100
Call Drum
Letters Address
Facility , Simulator » Drum Data
Type Data Word Type ok ok Format
A~ NN PN N _l - — \
MM AKN 05 0221  C135R02 5032531 100000 )~  00011101010110010100 |
MM FAl 05 0222 €135802 5040152 220000 00100000011010101010 :
MM EAF 05 0223 C135R02 §040121 220000 00100000010100011110.
MM ANC c5 0224 C125802 &£§033225 300000 - 00011110100101011100
MM EDF ‘05 : 0225 CIBSROZ §033236 310000 £0011110100111101101
MM » SEA 05 0226 - C135R02 £023666 120000 000101111011C110011¢C
. MM T c5 0227 C135R02 £§023616 12000C 000191111C0011100110
MM TPE 5 0230 €135R02 §012212 £C000C  000011€010CC1€100000
* See Mark I Programming Manual for complete breakout of radio aids '
** Depends on facility selected; see Mark I Programming Manual

Figure 2-8. Formal for Data Preselector (Radio Ards) Listing
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Card & Instruction

. No. Per Card Operation 007
-Drum Band And Scale Factor
Drum Band\ %Lmulator Quadrant (Octal) (B = Boolean)
- ~
Agg:g:s ,5551?" THREE r~\ ¢13s QuUAD ) 030 0001
7801 0040000 MEDL
0063 _ 00C~-2 00-0000 MEDT
9004 __000-3  00-g000 MED]
€005 _000=4  00~0000 S, MEDL
Nombor ~—2650- _008=5_0¢-ea0 Equation Namne e |
M31—0>Z C~1358 ‘LATITUUE INIEuRatlon J&d 12-15=62 R 63
0010 _ 001-1 22-0U00 Data De/siziptxon 80ll
uoll  00)-2 23-3715 fsCRATCH PAD D - 8011
00l2  001-3  23-317¢ SCKATCH PAD 8011
0013 00i-4 33-2427 KESET AIRCRAET_INTEGKATORS so11 78 >
0014 ___001=5 20-2103 ATRCKRAFT RESEY LATITJOE 6011 ~-08
0015 00k=-6 26=-0036 ‘ 8011
0016 Q0l=7  33-044% _GROUND POSITICN FREEZE 8011 8
0017 002-0  30-3021 FUNCTION ON FREEZE 8011 8
2040 002-) 26-005S 801l
CO21l _ 002-2  20-2256 RATE UF_CHANGE CF LATIYUDE 8011 d08
0022 002-3 10-10Q5 o 8011
V023 . 002-4  10-1002 I ————802L
Frgure 2-9. Format fo_r Genera! Program Bands Listing (Absolute)
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s Card No. And No,
of Instruction (1-8)
on Cards .

Drum | Operation Code E;?\:l;tl;g: : (S;a;lg‘:lztaonr)
Address And Address - Data Description

N TN /e —- N N

2601 226=1 34-3307  TCN-] RANGE FREEZE * 8078 B

C0SY C0e-0 20-3310 CEN_2 YCLIS 3CCMPa 2076 =08

0305 _ 031-1 23-3310 GEN & 'GLYS 1CCMPm ~ : 2081 -08

3132 261-5_ 3Q-3310 TCN=2 RANGE FREEZE 8079 8

4134 lo3-¢6 33-3310 TCN=2 ANGE FREEZE ' 6090 8

2176 246-1 3§-3310 1CN=2 KANGE FREEZE , 8079 &

0113 0l1-4 20=3311 GEN 3 VYGLTS $CCHPa . 2076 =08

0376 040=-2 23-33}1 GEN 3 vCLTS 3CCHPam ' 208} =08

2616 2214  31-3311 TCN=1 HCVR FIL wARN 8078 B

2612 266=0  33-3311 TCN=1 RCVR FIL WARH 810l 8

2515 225-5 34=3311 TCN=1 KCVR FIL WARN 8078 8

2400 2454 0}-3312 GEN 1 OVERLCAD CLOCR 2093 , ;
242 2501 02<3313 GEN_1 GVERLCAD CLOCK 2093 . %
2403 245-1  23-3312 GEN 1 CVERLGAD CLOCK | 2093

3011 247-4_ 31-3312 _ TCN~2 HCVR FIL WARM 8079 8

2757 3€3-0_ 33-3312 TCN-2 RCVK FIL WARM 8102 8

2712 2855 3«=3312 __ 1LN=2 KCVR_FIL WAKK ' | 8019 _ 8

2410 246-4  01-1313 GEN 2 OVERLCAD CLOCK 2093

2431 250-5 02-3313 . _GEN 2 OVERLCAD CLOCK ' . 2093

2413 246-1 23-3313 GEN 2 OVERLCAD CLOCK 2093

Frgure 2—[0. Format for Loads and Stores Listing




PROGRAM PROCESSING FORMS,

Form Number

Title

GENERAL PURPOSE PROGRAM

F-2214-A

F-2214-2

F-2347

F-2243

F-2244

F-2249A

. Coding and Constant Stieet '"B" Size

Program Sheet "A" Size
Program Changé Notice .
Master Equation List |
Drum Allocation

Core Mémory Locations

LINEAR FUNCTION INTERPOLATOR PROGRAM

F-2237-B

Linear Function Intérpolator Data Input Sheet

DATA PRESELECT PROGRAM

F-2256-A

F-2348

F-2462-2

Radio Facility Data
Data Preselect Change Notice

Initiai Conditions Data Sheet

GENERAL PROGRAM NUMBERING S YSTEMS

EQUATION NUMBERS

EAL-727

- 0000
1000

2000 -

3000
4000
5000
5251
5501
6000
7000
8000
9000
9500

0999
1999 .
2999

3999
4999
5250
5500
5750

- 6999

7999
8999
9499
9999

UAL-727 TWA-727

SIMULATOR SECTION EQUATIONS

Flight

Not Jsed .

Flight Accessories

Not Used

Engines

Air Conditioning and Pressurization
Electrical .

Hydraulics

Engine Accessories

e Not Used

Navigation Communications
Not Used
Miscellaneous




L
e

P

EQUATION NUMBERS

C-135B

Dora

14

0000

1000 -

2000
3000
4000
5000
6000

7000 -

8000

9000 -

0000
1000
2000
3000
4000
5000
5200
5300
5500

5600 -

6000
7000
8000
9000
9500

- Gemini .

- 0000

1000
2000

- 3000

4000
5000
6000
7000
8000

9000

- 9500

0999
1999
2999
3999
4999
5999
6999
7999
8999
9999

0999
1999
2999
3999
4999
5199
5299
5499
5599
5750
6999
7999

- 8999

9499
9999

0999

1999

2999

3999
4999
5999
6999
7999
8999

9499

19999

SIMULATOR SECTION EQUATIONS

.

Flight

Not Used

Flight Accessories

Not Used

Engines

Not Used

Not Used N

Not Used

Navigation Communications
Miscellaneous

Flight

Not Used

Flight Accessories

Not Used

Engines

Weapons

Air Conditioning and Pressurlzatxon
Electrical

Fuel .

Hydraulic

Engine Accessories

Not Used

Navigation Commun1cat10ns
Not Used .

Miscellaneous

Motion

ACME and Change in Velocxty

Weight and Balance

Propulsion

Not Used

Launch System Integration

Not Used -

Not Used
. Sensors - Platform, Horizon, Rate of
Gyros, and Radar

Instructor Clocks and Drift Generator
Nos. 1 thru 13

Miscellaneous

L




L ot e )

EQUATION NUMBERS

C-141A

0000
1000
2000
3000
4000
5000
6000
7000
8000
9000

QEA - 707

T-27

0000
2000
4000
5000
5200
5400
5600
9800

.6000

7000
8000
9000

0000
1000
2000
3000
4000
5000
6000
7000

8000

9000
9500

0999
1999
2999
3999
4999
5999
6999
7999
8999
9999

1999
3999
4999
5199
5399
5599
5799
5999
63999
7999
8999

9999

0999

1999
2999
3999
4999
5999
6999
7999

8999
9499

9999

SIMULATOR SECTION EQUATION

Flight

Not Used

Flight Accessories

Not Used

Engines

Accessories

Not Used

Not Used

Navigation Communications
Miscellaneous

Flight

Flight Accessories
Engines

Electrical Accessories
Fuel Accossories
Hydraulics Accessories
Not Used :
Miscellaneous Accessories
Not Used '

Not Used

Navigation Communications
Miscellaneous : ‘

Motion

Deorbit

Weight and Balance

Propulsion

Not Used

Launch Guidance and Rendezvous
LFI Program

Not Used

Sensor, Platform, Radar and Visual
Target o
Miscellaneous

T TR T TR e



A-4

CARD

O s GO DD

4-12
13
14

CARD

LF! CARD ‘PROGRAM

SINGLE VARIABLE

ﬁml\:mmn—«

Control Word (100)
X Addresses

Data Points
Computer Time
Ans. Addresses
Steps

2 VARIABLE

[--]
O B et O ON

g

Control Word (200)

X Addresses
Y Addresses

Data Points (Maximum)

Computer Time
Ans, Addresses
Steps (Maximum)

3 VARIABLE

-3
[
OO N

.

Control Word (300)

X Addresses
Y Addresses
Z Addresses

Data Points (Maximum)

Computer Time
Ans. Addresses
Steps (Maximum)

.FLAGS

11" Punch in Col 2
'"11" Punch in Col 2
""11" Punch in Col 2
11" Punch in Col 2
""11" Punch in Col 2

- Curve of
9 Points

and 34

6 Flags Total

FLAGS

'"11" Punch in Col 2
"11" Punch in Col 2
11" Punch in Col 2
11" Punch in Col 2
"11" Punch in Col 2
"11" Punch in Col 2

- Page of
9 Curves

and 34

1 Flags Total

FLAGS

"11" Punch in Col 2
"11" Punch in Col 2
'"11" Punch in Col 2
11" Punch in Col 2
11" Punch in Col 2

-""11" Punch in Col 2

- Book of
9 Pages
of Curves

"11" Punch in Col 2 and 34

8 Flags Total




Card 1
Card 2
Card 3

Card 4
Card 5
Card 6

Card 7
Card 8

Card 1
Card 2
Card 3
Card 4
Card 5
Card 6
Card 7
Card 8
Card 9
Card 10
Card 11

Card 12

Card 1
Card 2
Card 3

‘Card 4
. Card 5
Card 6
Card 7
Card 8

Card 9

RADIO PRESELECTOR TYPE CODE WORDS

Type Code 1 or 2 MM or OM

- Word 1
- Word 2

[ I }

Word 3
Word 4

Word 5
Word 6
Word 7
Word 8

000000000000090000000
*000000000*1111121111
Latitude lower (10) Latitude

upper (10)

Longitude lower (10) Longitude
upper (10)

Sign (1) Latitude (19)

Sign (1) Longitude (18)

sine of axis (10) cosine of axis (10)
MISC (6) 0 0 0 0 elevation +1000 (10)

Type Code 3 FM, Z, BONE, LFM

Word 1
Word 2

- Word 3

Word ¢4

Word 5
Word 6

- Word 7

LI R B |

Card 10 -

Card 11
Card 12

Card 1
Card 2

Word 8
Word 9
Word 10
Word 11
Word 12

00000000000000000000 -
1111

*000000000*11111
Latitude lower (10) Latitude

upper (10) =

Longitude lower (10) Longitude
upper (10} . ’
Sign (1) Latitude (19)

Sign (1) Longitude (19)

sine of axis (10) cosine of axis (10)
type (4) 0 0 0 0 0 0 elevation

+1000 (10) .

call letters (18) MISC (4) (16 one's
for Z)

call letters (168) MISC (2) 00

{18 one’'s for Z)

call letters (168) 0 0 0 0 (18 one's
for Z) .

call letters (18) 0 0 0 0 (18 one's
for Z)

Type Code 4 ILS, ILSDME

Word 1
Word 2
Word 3

Word 4

Word 5
Word 6
Word 7
Word 8

Word 9

Word 10
Word 11
Word 12

00000000000000000000

.frequency (10) frequency (10)

Latitude lower (10) Latitude

upper (10)

Longitude lower (10) Longitude
upper (10)

Sign (1) Latitude (19)

Sign (1) Longitude (19)

Sine of axis (10) cosine of axis (10)
1 DME MISC (8) Elevation +1000 (12)
(10 for ILS, 11 for ILSDME)

Call letter (16) g.p.a. (4) (MSB)

Cail letters (18) g.p.a. {4) (LSB)
Call letters (16) R, = Rtg (4) (MSB)
Call letters (16) RL, - Rig (4) (LSB)

Type Code 6 RBEN, LOM, LMM, BC

Word 1
Word 2

00000000000000000000
frequency lower (10) frequency upper
(10)

* Octai Input
1. 03 (0 to 1/2)

2. 27 (1/2 to full)
3. 07 (0 to full)

Card 3
Card 4

Card 5
Card 6
Card 7
Card 8

Card 9

Card {0
Card 11
Card 12

Card 1
Card 2

Card 3
Card 4

Card 5
Card 6
Card 7
Card 8
Card 9
Card 10
Card 11
Card 12
Card 13

Card 14

Card 15
Card 18

Card 1
Card 2
Card 3

Card4

Card 5
Card 8
Card 7
Card 8
Card 8

Card 10

Card 11
Card 12

-

128

Word 3 Latitude lower (10) Latitude
upper (10) ’

Word ¢ Longitude lower (10) Longitude
upper (10}

Word 5 - Sign (1) Latitude 19

Word 6 Sign (1) Longitude 19

Word 7 O frequency 120000000

Word 8 (2 power (9) elevation +1000

10)

‘Word 9 Call letters (16) MISC (4)

Word 10 Call letters (16) MISC (2) 0 0
Word 11 Call letters {(16) 0000
Word 12 Call letters {16) 0000

Type Code 7 LFRR

Wordl 00000000000000000000

Word 2 frequency lower (10) frequency
upper (10)

Word 3 Latitude lower (10) Latitude
upper (10)

Word 4 Longitude lower (10) Longitude
upper (10)

Word 5 Sign (1) Latitude (19)

Word 6 Sign (1) Longitude (19)

Word 7 O frequency (12) 0000000

Word 8 1 pow:r 9 elevation +1000 (10)

Word9 00000000000000000000

Word 10 Call letters (16) MISC (4)

Word 11 Call letters (16) MISC (2) 0 0

Word 12 Call letters (16) 0000

Word 13 diameter circle 1 (10) diameter
circle 2 (10)

Word 14 dia:neter circle 3 (10) diameter
circle 4 (10)

Word 15 sine axis (10) cosine axis (10)

Word 16 Sine mag. var. (10) 0 cosine mag.
var, (9)

Type Code 5 VOR, TACAN, UHF/DF

Wordl 00000000000000000000

Word 2 f{requency (10) frequency (10)

Word 3 Latitude lower (10) Latitude
upper {10)

Word 4 Longitude lower (10) Longitude
upper (10)

Word 5 Sign (1) Latitude (19)

Word 6 Sign (1) Longitude (19)

Word T ~sine mag. var. (1) 0 cosine mag.
var. (9)

Word 8 (() type (6) 0 0 0 elevation +1000
10)

Word 9 Call letters (16) MISC (4)

Word 10 Call letters (16) MISC (2) 0 0

Word 11 Call letters {(16) 0000

Word 12 Call letters (16) 000 0

Binary Output-

000000000001 11111111
10000000001111111111
00000000001111111111




T ———

e EAL 727, UAL 727, TWA 727, C~/358, and DORA CORE MEMORY CHART
MAIN CORE .
OCTAL
WORD :
ADDRESS FUNCTION : -
0001 | piGITAL SWITCH INPUTS ' -
o100 | (h024 BOOLEAN WORDS) - ‘ ﬁcﬂu. WORD
0101 ' ADDRESS FUNCTION
0140 | piGITAL SWITCH OUTPUTS - _
o177 | (5!2 BOOLEAN WORDS) ' : - : °°°: 5 :? 00320(',7 NOT USED
0200 a/mINPUTS-toOWORDS_ | g BOOLEAN INPUTS
0375 | EXPANDABLE 8Y 28 WORDS Ens §‘,5 64 WORDS X I6 BITS PER
02 Sz3 WORD =1024 INPUTS
0376 & 0377 FOR WORKING MEMORY 035 <= | o100 | 2007
3 ; Vs -
0400 | /A QUTPUTS -128 WORDS | 52; §3§ 0101 2020 .
e o e o o s o i o i e B e e - : BOOLEAN WORKING STORAGE
0677 | EXPANDABLE BY 64 WORDS ' z e 31X 165496 WORKING STORAGE LOC,
0700 | oi37 2777 , -
0777 WORKING MEMORY - 64 WORDS . 0140 3000
1000 » ' ‘ ' OOLEAN OUTPUT
117 | RADIO AIDS —80 WORDS | | i Tar AL
1120 | { otr7? 3777 ' :
WORKING MEMORY ~ 432 WORDS
1777 » . NOTES:
: , " 1, OCTAL WORDS 3766-3777 ARE RESERVED
2000 FOR THE ARITHMETIC SCRATCH PAD,
WORKING MEMORY & _ : 2.BOOLEAN WORDS 2766-2777 ARE RESERVED
;\’\,_ Q’ FOR THE BOOLEAN SCRATCH PAD.
CONSTANTS ~1024 WORDS DATA HELD
3777 DURING

DRUM LLOADING

e




GEMIN! CORE MEMORY CHART

AVAILABLE

L-Vv

WORD
ADDRESS FUNCTION
0000 | NOT USED
000 |
DIGITAL SWITCH INPUTS
(1,024 BOOLEAN WORDS)
0100 -
O101 | pigITAL SWITCH OUTPUTS oy
(256 BOOLEAN WORDS) 245
0120 _ 8 o
Ol21 | BOOLEAN WORKING MEMORY o
(752 BOOLEAN WORDS)
0177
O?tOO A/D INPUTS - 100 WORDS
0377 | EXPANDABLE BY 28 WORDS
0400 3
D/A OUTPUTS —-192 WORDS e
0677 : : 39
0700 ' Oul
WORKING MEMORY —64 WORDS 2]
0777 : pa
1000 _ ' z
INITIAL CONDITIONS —126 WORDS
1175 . '
1176
WORKING MEMORY—-386 WORDS
1777
2000 | WORKING MEMORY
—A A —
y s N
3777 | CONSTANTS -1024 WORDS

DETAIL OF BOOLEAN CORE

OCTAL WORD
ADDRESS FUNCTION

MAIN | BOOLEAN

CORE CORE

0000 | 0-0017

000I 0020

0100 2017

NOT USED

BOOLEAN INPUTS .
64 WORDS X 16 BITS PER
WORD=1024 INPUTS

010t 2020

0120 2417

BOOLEAN QUTPUTS '
16 X16=256 WORKING STORAGE LOC.

o2t 2420
BOOLEAN WORKING STORAGE
47X 16=752 OUTPUTS
0177 3777
NOTES:

- 1. OCTAL WORDS 3766-3777 ARE RESERVED
FOR THE ARITHMETIC SCRATCH PAD.
2. BOOLEAN WORDS 276€6-2777 ARE RESERVED

FOR THE BOOLEAN SCRATCH PAD.




’ > C-14/A4 CORE MEMORY CHART
. .
MAIN CORE
OCTAL
WORD
ADDRESS FUNCTION
ooal DIGITAL SWITCH INPUTS . ]
(1,536 BOOLEAN WORDS) _ OCATDADLR éNsOSRD
0140 , : FUNCTION
0141 . MAIN BOOLEAN
» BOOLEAN WORKING MEMORY . CORE CORE
(496 BOOLEAN WORDS)
0177 , _ 0000 | 0-0017 NOT USED
0200 | A/D INPUTS — 100 WORDS . - 0001 0020 . :
e e e ———————— — .
0377 | EXPANDABLE BY 28 WORDS « BOOLEAN INPUTS
© Ol 96 WORDS X 16 BITS PER
0400 Swg WORD =1536 INPUTS
D/A OUTPUTS-200 WORDS gus o 0140 | 3017
. ) —
0707 E gog o141 | 3020 .
0710 _ El® 32§ BOOLEAN WORKING STORAGE
WORKING MEMORY ~56 WORDS < qEJ 31X 162496 WORKING STORAGE LOC.
0777 :2§ 0177 3777 , .
1000 . e a
RADIO AIDS — 80 WORDS
17 :
{120 4 ) ) . e
WORKING MEMORY — 432 WORDS ~
1777 : NOTES:
S : : I. BOOLEAN CORE BIT DISTRIBUTIONC.M. BIT 2°=
2000 | 32 MAIN WORDS BOOLEAN 0037; C.M. BIT 2'=BOOLEAN 0036; ETC.
DIGITAL SWITCH OUTPUTS 2.DSO CORES ARE ADDRESSABLE ONLY AS FOLLOWS:
2037 | (512 BOOLEAN WORDS) 35 |---EQUALS BOOLEAN LOAD OF DSO.
5040 35 0---EQUALS BOOLEAN STORE OF DSO.
WORKING MEMORY AND D‘I‘)TLfR:"NEG‘-D :
A -1024 R
777 CONSTANTS - 1024 WORDS DRUM LOADING




6-V

———— vy
' YRS AN BN EES.au BN Auc By BRI e ISR oy TN anesy TR coesy BN g | .
QEA 707 CORE MEMORY CHART
oCTAL MAIN CORE
WORD -
ADDRESS FUNCTION
0000 | NOT USED DETAIL OF BOOLEAN CORE
0001
DIGITAL SWITCH INPUTS
(1024 BOOLEAN WORDS) OCTAL WORD
bl » ADDRES S FUNCTION
o101 BOOLEAN WORKING MEMORY MAIN BOOLEAN N
o137 | (496 BOOLEAN WORDS) CORE CORE
0140 |  piGITAL SWITCH OUTPUTS 0000 | 0-0017 NOT USED
o177 | (512 BOOLEAN WORDS) - 5001 | 0020
0200  BOOLEAN INPUTS
 A/D INPUTS ~100 WORDS 64 WORDS X 16 BITS PER
EXPANDABLE BY 28 WORDS WORC 1024 INPUTS
0377 | ,
0400 A . INTERPOLATOR 0100 § 2017
d ACCESS 0101 2020
D/A OUTPUTS -200 WORDS _AVAILABLE 'BOOLE AN WORKING STORAGE
0707 31X 16496 WORKING STORAGE LOC.
5715 0137 2777
0140 3000
or77 BOOLEAN QUTPUTS
1000 32 X 16512 OUTPUTS
127
1130 414 WORDS
| NOTES: \
1z .Y?_W_Nifffi_____ ] I. OCTAL WO#DS 3766-3777 ARE RESERVED
2000 | 1024 WORDS FOR THE ARITHMETIC SCRATCH PAD.
o MR R Y 2.BOOLEAN WORDS 2766 -2777 ARE RESERVED
3777 ""FOR THE BOOLEAN SCRATCH PAD.

3. BOOLEAN CORE, BIT DISTRIBUTION!
(MAIN CORE ADDRESS = 0001) CM BIT
2°=BOOLEAN 0037;CM BIT 2"z BOOLEAN .:
0036; CM BIT 222B00LEAN 0035;ETC. J




> T-27 CORE MEMORY CHART
L .
MAIN CORE
OCTAL
WORD ‘
ADDRESS FUNCTION
0000 | NOT USED ' . DETAIL OF BOOLEAN CORE
ooot DIGITAL SWITCH INPUTS
0100 (1,024 BOOLEAN WORDS) ' OCTAL WORD
; ADDRESS
010! | BOOLEAN WORKING MEMORY ‘ A | BOOLEAN FUNCTION
o137 | (496 BOOLEAN WORDS) CORE CORE
0140 ‘ , ' -
DIGITAL SWITCH OUTPUTS
- . 0000 | 0-0017 NOT USED
12 BOOLEAN WORDS o
oi77_| (512 BOOLEAN WORDSI | 0001 | 0020
0200.| A/D INPUTS -i00 WORDS . o BOOLEAN INPUTS -
0375 EXPANDABLE BY 28 WORDS : : 64 \goaos zllzsrr‘_s PER
0376 8 0377 FOR WORKING o100 | 2017 WORD =1024 INPUTS
0400 ‘ INTERPOLATOR et
- L - ACCESS :
D/A QUTPUTS ~132 WORDS AVAILABLE BOOLEAN WORKING STORAGE
' : . 31X 16 =496 WORK ING STORAGE LOC.
e o e e , 0137 2777
0777 | EXPANDABLE BY 64 WORDS 5175 3556
1000 s '
INITIA ! ~128 WORDS | BOOLEAN OUTPUTS
e NiTIAL CONDITIONS~128 DS BOOLEAN JUTPUTS,
2o , 0177 3777
WORKING MEMORY ~384 WORDS : '
777 | b : NOTES!
I. OCTAL WORDS 3766-3777 ARE RESERVED
2000 WORKING MEMORY 8 FOR THE ARITHMETIC SCRATCH PAD,
2. BOOLEAN WORDS 2766-2777 ARE RESERVED
AV J((\ FOR THE BOOLEAN SCRATCH PAD.
‘ 3. BOOLEAN CORE, BIT DISTRIBUTION:
777 | CONSTANTS —1024 WORDS - (MAIN CORE ADDRESS=0001) C.M. BIT 2°=
3 BOOLEAN 0037; C. M. BIT 2'= BOOLEAN 0036,
C.M. BIT 23=BOOLEAN 0035, ETC.




COMPUTE /? MNEMONIC AND NUMERIC CODES

MARK I : MARK II
Mnemonic Numeric Mnemonic
Operation Code Code Code Operation
Add ADD - 01 ADD Add
Subtract SUB 02 - 8UB Subtract
Multiply MLT 03 MLT Multiply
Negative NMT 04 DPA Double-Precision
Multiply : Add
Square SQ 05 SQ Square
Divide - DIV 086 DIV . Divide
Square Root SRS ' 07 SRS Square Root
Step . , ' Step
Scale SCL 10 - SCL Scale
Shift SFT 11 SFT Shift
No-Operation NPA 12 NPA No-Operation
Invert Sign INS 13 INS Invert Sign
Absolute Value . ABS .14 ABS Absolute Value
Zero Slice ZSL 15 ZSL Zero Slice
Flag Negative FLN 16 FLN Flag Negative
) 16 _ FLO Flag Zero
: 17 MSK Mask Accumulator
Load Accumu- LD 20 LD Load Accumulator
lator o . :
Index Load ILD 21 ILD - Index Load
Accumulator : Accumulator
Load Constant LbK 22 LDK Load Constant
Store Accumu- 5T 23 ST Store Accumulator
lator ' '
Index Store IST 24 IST Index Store
Accumulator ' A ~ Accumulator
No-Operation NPB 25 NPB No-Operation
Conditional SKP 26 SKP ‘Conditional
Skip : _ ' ’ Skip
Conditional ~ STP . 27 : STP Conditional
Stop - L ' , Stop
Boolean Sum " OR 30 . OR Boolean Sum
"~ Boolean Prod- AND 31 AND Boolean Product
uct
Invert Boolean - BIN 32 BIN Invert Boolean
Accumulator - Accumulator
Load Boolean BLD 33 BLD Load Boolean
Accumulator Accumulator
Store Boolean BST 34 BST - Store Boolean
Accumulator Accumulator
' 35 MQS Store MQ Register
36 OFD Overflow Disregard
Tape Stop Code TRS 37 TRS Tape Stop Code




————

P e

0000 0000
‘o to

ory7 0s1y -

(Ocral) | (Decimel)

Octal Decimal
10000 - 4096
20000 - B192
30000 - 12288
40000 - 14384

60000 - 24576
70000 - 28672

© 1000 0512

to to
I 1023
(Octal) | (Decimal)

OCTAL-DECIMAL INTEGER CONVERSION TABLES

’

0 1 2 3 4 s .6 7. 0 1 2 3 4 ] 6 ?
0000 [0000 000t 0002 0003 0004 0005 0006 0007 0400 {0256 0257 0258 0259 0260 0261 0262 0263
0010 {0008 0009 0010 0011 0012 0013 0014 0015 0410|0264 0265 0266 0267 0268 0269 0270 027y
0020 {0016 0017 0018 0019 0020 0021 0022 0023 042010272 0273 0274 0275 0276 02717 0278 0219
0030 10024 0025 0026 0027 0028 -0029 0030 0031 043010280 0281 0282 0283 0284 0285 0286 0287
0040 {0032 0033 0034 0035 0036 0037 0038 0039 04400288 0289 0290 0291 0232 0293 0294 0295
00500040 0041 0042 0043 0044 0045 0046 0047 0450|0296 0297 0298 0299 0300 0301 0302 0303}
0060 0048 0049 0050 0051 0052 0053 0034 0035 0460{0304 0305 0306 0307 0308 0309 0310 031t
0070 {0056 0057 0058 0059 0060 0061 0062. 006I 0470{0312 0313 0314 0315 0316 0317 0318 0319
0100 {0084 0085 0066 0067 0068 0069 0070 007} 0500 |0320 0321 0322 0323 0324 0325 0326 0327
0110|0072 0073 0074 0075 0076 0077 0078 0079 051010328 0329 0330 0331 0332 0333 0334 0335
0120|0080 0081 0082 0083 0084 0085 0086 0087 0520 {0336 0337 0338 0339 0340 0341. 0342 0343
01300088 0089 0090 0091 0092 0093 0094 0095 0530 {0344 0345 0346 0347 0348 0349 0350 0351
0140.{0096 0097 0098 0099 0100 0101 0302 0403 0540 /0352 0353 0354 0355 0356 0357 0358 0359
0150 {0104 0105 0106 0107 0108 0109 0110 011} 0550 {0360 0361 0362 0363 0364 0365 0366 0367
0160{0132 0113 0114 O115 0116 0117 0118 0119 0560 j0368 0369 0370 0371 0372 0373 0374- 0315
017010120 0121 0322 0123 0124 0125 0126 0127 057010376 0377 0318 0379 0380 0381 0382 0383
02000528 0129 0130 0131 0132 0133 0134 0135 0600 [0384 0385 0386 0387 0388 0389 0390 0391
0210106236 0137 0138 0139 0140 0341 0142 0143 0610 {0392 0393 0394 0395 0396 0397 0398 0399
0220 {0144 0145 0146 0147 0148 0149 0150 0151 0620 [0400 0401 0402 0403 0404 0405 0406 0407
02300152 0153 0154 0155 0156 0157 0158 0139 0630 ]0408 0409 0410 0411 0412 0413 0414 0815
0240 [0160 0161 0162 0163 0164 0165 0166 0167 0640 {0416 0417 0418 0419 0420 0421 0422 0423
0250 }0168 0169 0170 0171 0172 0173 0174 0175 06500424 0425 0426 0427 0428 0429 0430 0431
0260|0176 0177 0178 0179 0180 0181 0182 0183 066010432 0433 0434 0435 0436 0437 0438 0439
0270']0184 0185 0186 0187 0188 0189 0190 019} 0670 ]0440 0441 0442 0443 0444 0445 0446 0447
0300 {0192 0193 0194 0195 0136 0197 0198 0199 07000448 0449 0450 0451 0452 0453 0454 0455
0310{0200 0201 0202 0203 0204 0205 0206 0207 07100456 0457 0458 0453 0460 0461 0462 0463
03200208 0209 0210 0211 0212 0213 0214 0215 07200464 0465 0466 0467 0468 0469 0470 0471
03300216 0217 0218 0219 0220 0221 0222 0223 073010472 0473 0474 0475 0476 0477 0478 0479
1034010224 0225 0226 0227 0228 0229 0230 023t 07400480 0481 0482 0483 0484 0485 0486 0487
03500232 0233 0234 0235 0236 0237 0238 0239 0750 {0488 0489° 0490 0491 0492 0433 0494 0495
03600240 0241 0242 0243 0244 0245 0246 0247 0760{ 0496 0497 0498 0499 0500 0501 0502 0503
03700248 0249 0250 0251 0252 0253 0254 0255 0770} 0504 0505 0506 0507 0573 0509 0510 0511
o 1 2 3 4 5 ] 7 0 1 2 3 4 5 6 7
1000} 0512 0513 0514 0515 0516 0517 0518 0519 140010768 0763 0770 0771 0772 0773 0774 07175
101010520 0521 0522 0523 0524 0525 0526 0527 1410]0776 07177 0778 0773 0780 0781. 0782 0783
10200528 0529 0530 0531 0532 0533 0534 .0535 1420{0784 0785 0786 0787 0788 0789 0790 Q791
10301 0536 0537 0538 0539 0540 0541 0542 0343 143010792 0793 0794 0795 0796 0797 0798 0799
1040} 0544 0545 0546 0547 0548 0549 0550 0551 1440|0800 0801 0802 0803 0804 0805 0806 0807
105010552 0553 0554 0555 0556 0557 0558. 0559 1450}0808. 0809 0810 0311 0812 0813 0814 0815
1060} 0560 US6) 0562 0563 0564 0565 0566 0567 1460/0816 0817 0819 0819 0820 0821 0822 0823
10700568 0569 0570 0571 0572 0573 0574 0575 1470} 0824 0825 0826 0827 0828 0829 0830 0831} -
1100} 0576 0577 0578 0579 0580 0581 0582 0583 1500{0832 0833 0834 0835 0836 0837 0838 0839
1110] 0584 0585 .0586 0587 ‘0588 0889 0590 0591 1510|0840 0841 0842 0843 0844 0845 0846 0847
~11120§0592 0593 0594 0595 0596 0597 0598 0599 1520|0848 0849 0850 0851 0852 0853 0854 0855
1130/ 0600 0601 0602 0603 0604 0605 (606 0607 1530 {0856 0857 0858 0859 0860 0861. 0862 0863
1140) 0608 0609 0610 0611 0612 0813 0614 0615 1540|0864 0865 0866 0867 0868 0869 0870 0871
1150[ 06186 0617 0618 0619 0620 0621 0622 0623 1550|0872 0873 0874 0875 0876 0877 0878 0879
1160] 0624 0625 0626 0627 0628 0629 0630 0631 115600880 0881 0882 0883 0884 0885 0886 0887
1170 0632 0633 0634 0635 0636 0637 0638 0639 1570]0888 0889 0890 0891 0892 0833 0894 0895
1200 [ 0640 0641 0642 0643 0644 0645 0648 0647 1600 {0896 0897 0898 0899 0900 0901 0902 0903
1230|0648 0649 0650 0651 0652 0653 0654 0855 1610|0904 0905 0906 0907 0908 0909 0910 0911
1220 0656 0651 0658 0659 0660 0681 0862 0663 16200912 0913 0914 0915 0916 0917 0918 0919
1230} 0664 0665 0666 0667 0668 0669 0670 0671 163010920 0921 0922 0923 0924 0925 0926 0927
124010672 0673 0674. 0675 0676 0677 0678 0679 1640 {0928 0929 0930 0931 0932 0933 0934 0935
1250{ 0680 0681 0682 0683 0684 0685 0686 0687 1650 {09367 0937 0938 0939 0940 03541 0942 0943
1260|0688 0689 0690 0691 0692 0693 0634 0695 1660 [0944 0945 0946 0947 0948 0949 0950 0951
1270{ 0896 0697 0698 0899 0700 0701 0702 0703 1670 {0952 0953 0954 0955 0356 0957 0958 0359
1300|0704 0705 0706 0707 0708 0709 0710 0711 1700 {0960 0961 0962 0363 0944 0965 0966 0967
1310/0712 0718 0714 0715 0716 0717 0718 0719 1710 10968 0969 0970 0971 0972 0973 0974 0975
1320|0720 0721 0722 0723 0724 0725 0726 0127 172010976 0977 0978 0979 0980 0981 0982 0383
1330{0728 0729 0730 0731 0732 0733 0734 0735 1730 {0984 0985 0986 0987 0988 0983 0990 0991
134010736 0737 0738 0739 0740 0741 0742 0743 1740 10992 0993 0934 0995 0996 0997 0998 0999
1350 0744 0745 0746 0747 0748 0749 0750 0751 1750 | 1000 1001 1002 1003 1004 1005 1008 1007
1360[ 0752 0753 0754 0755 0756 0757 0758 0759 176011008 1009 1010 1011 1012 1013 1014 1015
13700760 0781 0762 0763 0784 0785 0766 0767 17701016 1017 1018 1019 1020 1021 1022 1023
A-13




.

0 1 2 3 4 5 6 1 0 1 2 3 4 5 6 1
200011024 31025 1026 1027 1028 1020 1030 1031 2400] 1280 1281 1282 1283 1284 1285 1286 1287
2010(1032 1033 ‘1034 1035 1036 1037 1038 1039 2410{1288 1289 1290 1291 1292 1293 1294 1295
202011040 1041 1042 1043 1044 1045 1046 1047 2420} 1296 1297 1298 1299 1300 1301 1302 1303
203011048 1049 1050 1051 1052 1053 1054 1055 2430} 1304 1305 1306 1307 1308 1309 1310 131t
204011056 1057 1058 1053 1080 1061 1062 1063 244001312 1313 1314 1315 1316 1317 1318 1319
2050 {1064 31065 1066 1067 1068 1069 1070 1071 2450) 1320 1321 1322 1323 1324 1325 1326 1327
2060|1072 1073 1074 1075 1076 1077 1078 1079 2460|1328 1329 1330 1331 1332 1333 1334 1335
207011080 3083 1082 1083 1084 1085 1086 1087 2470|1336 1337 3338 1339 1340 1341 1342 1343
210011088 1089 1090 1091 1092 1093 1094 1095 2500 1344 1345 1346 1347 1348 1349 1350 1351
211011096 1097 1098 1099 1100 1101 1102 1103 2510} 1352 1353 1354 1355 1356 1357 1358 1359
212011104 1105 1106 1107 1108 1109 1110 111} 2520] 1360 1361 1362 1363 1364 1365 1366 1367
213011112 1113 1114 1115 1116 1117 1118 1119 2530]1368 1369 1370 1371 1372 1373 1374 1315
21401120 1121 1122 1123 1124 1125 1126 11271 254011376 1377 1378 1379 1380 1381 1382 1383
21501128 1129 1130 1131 1132 1133 1134 1135 2550( 1384 1385 1386 1387 1388 1389 1390 1391
216011136 1137 1138 1139 1140 1141 1142 1143 2560]1392 1333 1394 1395 1396 1397 1398 1399
2170] 1144 1145 1146 1147 1148 1149 1150 1151 2570[ 1400 1401 1402 1403 1404 1405 1406 1407
220011152 1153 1154 1155 1156 1157 1158 1159 2600§ 1408 1409 1410 1411 1412 1413 1414 1415
2210{110C0 1161 1162 1163 1164 1165 1166 1167 2610|1416 1417 1418 1419 1420 1421 1422 1423
2220(11u8 1169 1170 1371 1172 1173 1174 1175 2620{1424 1425 1426 1427 1428 1429 1430 1431
2239{1176 1177 1178 1179 1180 1181 1182 1183 263011432 1433 1434 1435 1436 1437 1438 1439
224011184 1185 1186 13187 1188 1189 1180 1191 2640 1440 1441 1442 1443 1444 1445 1446 1447
2250|1192 1193 1194 1195 1196 1197 1198 1199 26501448 1449 1450 1451 1452 1453 1454 1455
226011200 1201 1202 1203 1204 1205 1206 1207 26601456 1457 1458 1459 1460 1461 1462 1463
227011208 1209 1210 1211 3212 1213 1214 1215 26701464 1465 1466 1467 1468 1463 1470 1471
23001216 1217 1218 1219 1220 122%1 1222 1223 2700 1472 1473 1474 1475 1476 1477 1478 1479
2:110§1224 1225 1226 1227 1228 1229 1230 1231 2710|1480 1481 1482 1483 1484 1485 1486 1487
232011232 1233 1234 1235 1236 1237 1238 1239 2720|1488 1489 1490 1491 1492 1493 1494 1495
2330[1240 1241 1242 1243 1244 1245 1246 1247 2730 1496 1497 1498 1499 1500 1501 1502 1503
234011248 1249 1250 1251 1252 1253 1254 1255 2740} 1504 1505 1506 1507 1508 1509 1510 1511
235011256 1257 1258 1259 1200 1261 1262 1263 2750{1512 1513 1514 "1515 1516 1517 1518 159
230311264 1265 1266 1267 1268 1269 1270 1271 276071520 1521 1522 1523 1524 1525 1526 1527
231071272 1273 1274 1275 1276 1277 1278 1279 277011528 1529 1530 1531 1532 1533 1534 1535

) ] 2 3 4 5 6 1 1] ] 2 3 4 S 6 1
300011536 1537 1538 1539 1540 1541 1542 1543] [3400{1792 1793 1794 1795 1796 1797 1798 1799
3010|1544 1545 1546 1547 15481549 1550 1551 341011800 1801 1802 1803 1804 1805 1806 1807
30201552 1553 1554 1555 1556 1557 1558 1559 342011808 1809 1810 1811 1812 1813 1814 1815
303011560 1561 1562 1563 1564 1565 1566 1567 3430{ 1875 1817 1818 1819 1820 1821 1822 1823
0401568 1569 1570 1571 1572 1513 1574 1575 3440{1824 1825 1826 1827 1828 1829 1830 18M
305011576 1577 1578 1579 1580 1581 1582 1583 3450/ 1832 1833 1834 1835 1836 1837 1838 1839
3060|1584 1585 1586 1587 1588 1589 1590 .1591 346011840 1841 1842 1B43 1844 1845 1846 1847
307011592 1593 1594 1595 1596 1597 1598 1599 34701848 1849 1850 1851 1852 1853 1854 1855
3100|1600 1601 1602 1603 1604 1605 1606 1607 3500{ 1856 1857 1858 1858 1860 1861 1862 1863
3110{1608 1609 1610 1611 1612 1613 1614 1615 3510|1864 1865 1866 1867 1868 1869 1870 1871
31201616 1617 1618 1619 1620 1621 1622 1623 3520|1872 1873 1874 1875 1876 1817 1878 1879
3130|1624 1625 1626 1627 1628 1629 1630 1631 353011880 1881 1882 1883 1884 1885 1886. 1887
3140{1632 1633 1634 1635 1636 1637 1638 1639 35401888 1889 1890 1891 1892 1893 1894 1895
315011640 1641 1642 1643 1644 1645 1646 1647 3550) 1896 1897 1898 1899 1900 190! 1902 1903
3160|1648 1649 1650 1651 1652 1653 1654 1655 356011904 1905 1906 1907 1908 1905 1910 191}
3170{1656 1657 1658 1659 1660 1661 1662 1663/ 13570/1912 1913 1914 1915 1916 1917 1918 1919
3200 {1664 1665 1666 1667 1668 1669 1670 1671 360011920 1921 1922 -1923 1924 1925 1926 1927
3210 1672 1673 1674 1675 1676 1677 1678 1679 361011928 1929 1930 1931 1932 1933 1934 1935
3220|1680 1681 1682 1683 1684 1685 1686 1687 362011936 31937 1938 1939 1940 1941 1942 1943
323011688 1689 1690 1691 1692 1693 1694 1695 3630 (1944 1945 1946 1947 1948 1949 1950 1951
3240 {1696 1697 1698 1699 1700 1701 1702 1703 36401952 1953 1954 1955 1956 1957 1958 1359
3250 11704 1705 1706 1707 1708 1709 1710 1711 36501960 1961 1962 1963 ‘1964 1965 1966 1967
3260 {1712 1713 1714 1715 1716 1717 1718 119 366011968 1969 1970 1971 1972 1973 1974 1975
3270 {1720 1721.1722 1723 1724 1725 1726 1727 36701976 1977 1978 1979 1980 1981 1982 1983
3300 (1728 1729 3730 1731 1732 1733 1734 1735 -[3700]1984 1985 1986 1987 1988 1989 1990 199t
3310{1736 1737 1738 1739 1740 1741 1742 1743 3710{1992 1993 1994 1995 1996 1997 1998 1999
3320|1744 1745 1746 1747 1748 1749 1750 175) 3720(2000 2001 2002 2003 2004 2005 2006 2007
33301752 1753 1754 1755 1756 1757 1758 1759 3730(2008 2009 2010 2011 2012 2013 2014 2015
3340{1760 1761 1762 1763 1764 1765 1766 1767 374012016 2017 2018 2019 2020 2021 2022 2023
335011768 1769 1770 177 1772 1773 1774 1175 375012024 2025 2026 2027 2028 2029 2030 203t
33601776 1777 1778 1779 1780 1781 1782 1783 37602032 2033 2034 2035 2036 2037 2038 2039
3370{1784 1785 1786 1787 1788 1789 1790 1191 3170{2040 2041 2042 2043 2044 2045 2046 2047
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4000] 2048 2049 2050 2051 2052 2053 2054 2055 4400|2304 2305 2308 2307 2308 2309 2310 2311
4010{ 2056 2057 2058 2059 Z060 2061 2062 2063 4410{ 2312 2313 2314 2315 2316 2317 2318 2M9
4020] 2064 2065 2066 2067 2068 2069 2070 2071 4420 2320 2321 2322 2323 2324 2325 2326 2327
4030} 2072 2073 2074 2075 2076 2077 2078 2079 44301 2328 2329 2330 2331 2332 2333 2334 2335
4040} 2080 2081 2082 2083 2084 2085 2086 2087 444002336 2337 2338 2339 2340 2341 2342 2343
1050{ 2088 2089 2090 2091 2092 2093 2094 2095 445072344 2345 2346 2347 2348 2349 2350 2351
4060] 2096 2097 2098 2099 2100 2101 2102 2103 44601 2352 2353 2354 23552356 2357 2358 2359
4070} 2104 2105 2106 2107 2108 2109 2110 2111 44701 2360 2361 2362 2363 2364 2365 2366 21367
4100] 2112 2113 21147 2115 2116 2117 2118 2119 45002368 2369 2370 2371 2372 2373 2374 2375
4110{ 2120 2121 2122 2123 23124 2125 2126 2127 451002376 2377 2378 2379 2380 2381 2382 2383
41201 2128 2129 2130 2131 2132 2133 2134 2135 452012384 2385 2386 2387 2388 2389 2390 2391
4130 2136 2137 2138 2139 2140 2141 2142 2143 453012392 2393 2394 2395 2396 2397 2398 2399
4140) 2144 2145 2146 2147 2148 2149 2150 215} 4540]2400 2401 2402 2403 2404 2405 2406 2407
4150 2152 2153 2154 2155 2156 2157 2158 21959 159012408 2409 2410 2411 2412 2413 2414 2415
4160} 2160 2161 2162 2163 2164 2165 2166 2167 456012416 2417 2418 2419 2420 2421 2422 242
4170] 2168 2169 2170 2171 2172 2173 2174 21715 457012424 2425 2426 2427 2428 2429 2430 2431
42001 2176 2177 2178 2179 2180 2181 2182 2183 4600 {2432 2433 2434 2435 2436 2437 2438 2439
4210} 2184 2185 2186 2187 2188 2189 2190 2191 4610 {2440 2441 2442 2443 2444 2445 2446 2447
422012192 2193 2194 2195 2196 2197 2198 2199 462012448 2449 2450 2451 2452 2453 2454 2455
4230] 2200 '2201 2202 2203 2204 2205 2206 2207 463012456 2457 2458 2459 2460 2461 2462 2463
4240] 2208 2209 2210 2211 2212 2213 2214 2215 4640|2464 2465 2466 2467 2468 2469 2470 247t
4250) 2216 2237 2218 2219 2220 222t 2222 2223 4650|2472 2473 2474 2475 2476 2477 2478 2479
4260} 2224 2225 2226 2227 2228 2229 2230 2231 466012480 2481 2482 2483 2484 2485 2486 2487
4270] 2232 2233 2234 2235 2236 2237 2238 2239 46702488 2489 2490 2491 2492 2493 2494 2495
430012240 2241 2242 2243 2244 2245 22462247 4700|2496 2497 2498 2499 2500 2501 2502 2503
43102248 2249 2250 2251 2252 2253 2254 2255 47102504 2505 2506 2507 2508 2509 2510 2511
43202256 2257 2258 ‘2259 2260 2261 2262 2263 472012512 2513 2514 2515 2516 2517 2518 2519
4330] 2264 2265 2266 2267 2268 2269 2270 227t 47302520 2521 2522 2523 2524 2525 2526 2527
4340} 2272 2273 2274 2275 2276 2277 2278 2279 474012528 2529 2530 2531 2532 2533 2534 2535
4350] 2280 2281 2282 2283 2284 2285 2286 2287 47502536 2537 2538 2539 2540 2541 2542 2543
4360] 2288 2289 2290 2291 2292 2293 2294 2295 476012544 2545 2546 2547 2548 2549 2550 2551
4370{ 2296 2297 2298 2299 2300 2301 2302 2303 4770] 2552 2553 2554° 2555 2556 2557 2558 2559
L] 1 2 3 4 S 6 Y4 0 ] 2 3 4 5 6 17
500012560 2561 2562 2563 2564 2565 2566 2567 5400 {2816 2817 2818 2819 2820 2821 2822 2823
5010|2568 2569 2570 2571 2572 2573 2574 2575 S410 1282+ 2825 2826 2827 2828 2829 2830 2831
5020{2576 2577 2578 2579 2580 258t 2582 2583 542b 2832 2833 2834 2835 2836 2837 2838 2839
503012584 2585 2586 2587 2588 2599 2590 2591 5430 12840 2841 2842 2843 2844 2845 2846 2847
5040 2592 2593 2594 2595 2596 2597 2598 2599 5440]2848 2849 2850 2851 2852 2853 2854 28595
5050] 2600 2601 2602 2603 2604 2605 2606 2607 545012856 2857 2858 2859 2860 2861 2862 2863
5060|2608 2609 2610 2611 2612 2613 2614 2615 546012864 2865 2866 2867 2868 2869 2870 2671
507012616 2617 2618 2619 2620 262! 2622 -2623 54702672 2873 2874 2875 2876 2877 2878 2879
5100 {2624 2625 2626 2627 2628 2629 2630 2631 5500|2880 2881 2882 2883 2884 2885 2386 2887
5110{2632 2633 2634 2635 2636 2637 2638 2639 551012688 2889 2890 2891 2892 2893 2894 2895
$120]2640 2641 2642 2643 2644 2645 2646 2647 5520 }2896 2897 2898 2899 2900 2901 2902 290)
513012648 2649 2650 2651 2652 2653 2654 2655} 595302504 2905 2906 2907 2908 2909 2910 2911
5140]2656 2657 2658 2659 2660 2661 2662 2663 554032912 2913 2914 2915 2916 2917 2918 2919
515012664 2665 2666 2667 2668 2669 2670 2671 5550 §2920 292t 2922 2923 2924 2925 2926 2927
5160|2672 2673 2674 2675 2676 2677 2678 2679 556012928 2929 2930 2931 2932 2933 2934 2935
517012680 2681 2682 2683 2684 2685 2686 2687 557012936 2937 2938 2939 2940 2941 2942 2943
15200 {2688 2689 2690 2691 2692 2693 2694 2695 5600 12944 29345 2946 2947 2948 2949 2950 295!
521012696 2697 2698 2699 2700 2701. 2702 2703 5610 (2952 2953 2954 2959 2956 2957 2958 2959
$220}2704 2705 2706 2707 2708 2709 2710 2711 562012960 2961 2962 2963 2964 2965 2966 2967
52302712 2713 2714 2715 2716 2717 2718 2719 563012968 2969 2970 2971 2972 2973 2974 2975
5240 {2720 2721 2722 2723 2724 2725 2726 2127 5640 {2976 2977 2978 2979 2980 2981 2982 2983
525002728 2729 2730 2731 2732 2733 2734 2735 5650 [2984 2985 2986 2987 2988 2989 2990 2991
526012736 2737 2738 2739 2740 274! 2742 2743 5660|2992 2993 2994 2995 2996 2997 2998 2999
§27012744 2745 2746 2747 2748 2749 2750 2751 5670 3000 3001 3002 3003 3004 3005 3006 3007
$300}12752 2753 2754 2755 2756 2757 2758 2759 5700 {3008 3009 3010 3011 3012 3013 3014 3015
$310]2760 2761 2762 2763 2764 2765 2766 2767 571013016 3017 3018 3019 3020 3021 3022 3023
53202768 2769 2770 2771 2772 2773 2774 27175 572013024 3025 3026 3027 3028 3029 3030 3031
53302776 2777 2778 2779 2780 2781 2782 2783 5730(3032 3033 3034 3035 3036 3037 3038 3039
53402784 2785 2786 2787 2788 2789 2790 2791 574013040 3041 3042 3043 3044 3045 3046 3047
535012792 2793 2794 2795 2796 2797 2798 2799 5750|3048 3049 3050 3051 3052 3053 3054 3055
53602800 280} 2802 2803 2804 2805 2806 2807 57603056 3057 3058 3059 3060 3061 2062 3063
53702808 2009 2810 2811 2812 2813 2814 2815 5770} 3064 3065 3066 3067 3068 3069 3070 3071
A-15
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o 1+ 2 3 4 5 & 1 o 1t 2 3 4 5 & 1
8000|3072 3073 3074 3075 3076 3077 3078 3079| |6400|3328 3329 3330 2331 3332 3333 3334 3333
6010 | 3080 3081 3082 3083 3084 3085 3088 3087 6410} 3336 3337 3338 3339 3340 3341 3342 3343
6020|3088 3089 3050 3091 3092 3093 3094 3095 [8420 3344 3345 3348 3347 3348 39 3350 3351
603013098 3097 3098 3099 3100 3101 3102 3103 6430] 3352 3353 3354 3355 3356 3357 3358 3359
6040 [3104 3105 3106 3107 3108 33109 3110 3111 6440{ 3360 3361 3362 13363 3364 3365 3368 3367
6050|3112 3113 3114 3115 3116 3117 3118 3119] |6450] 3368 3369 3370 3371 3372 3373 3374 3375
6060(3120 3121 1122 3123 23124 3125 3126 3127 6460] 3376 3377 3378 3379 3380 3381 3382 338)
6070|3128 3129 3130 3131 3132 3133 3134 3§35] |6470{ 3384 3385 3386 3367 3388 3389 3390 3N
6100 {3136 3137 3138 3139 3140 3141 3142 3143 6500} 3392 3393 3394 3395 3396 3397 J398 3399
6130 {3144 3145 3146 3147 3148 3149 3150 3151 6510 3400 3401 3402 3403 3404 3405 3406 3407
61203152 3153 3154 3155 3156 3157 3158 3159 6520] 3408 3409 3410 3411 34312 2413 3414 3415
6130|3160 3161 3162 3183 3164 3165 3166 3187 65301 3416 3417 3418 3419 3420 3421 3422 3423
6140 {3168 13169 3170 3171 3172 3173 3174 N5 6540] 3424 3425 3426 3427 3428 3429 3430 I
615013176 3177 3178 3179 3180 3181 3182 3183}  |6550{ 3432 3433 3434 3435 3436 3437 3438 3439
616013184 3185 3186 3187 3188 3189 3190 3191 6560 3440 3441 3442 3443 3444 3445 1446 2447
6170 }3192 3193 3194 3195 3196 3197 3198 3199 6570] 3448 3449 3450 3451 3452 3453 3454 3455
6200 {3200 3201 3202 3203 3204 3205 3206 3207 6600! 3456 3457 3458 3459 .3460 3461 3462 3463
6210 {3208 3209 3210 3211 3212 3213 3214 3215 66301 3464 3465 3466 3467 3468 3469 3470 471
6220 13216 3217 3218 3219 23220 3221 3222 3223 6620] 3472 3473 3474 3475 3476 3477 3478 3479
6230 | 3224 3225 3226 3227 3228 3229 3230 3231 6630 3480 3481 3482 3483 J484 23485 3486 487
6240 [3232 3233 3234 3235 3236 3237 3238 3239 66401 3488 3489 3490 3491 3492 3493 3494 3495
6250 [3240 3241 3242 3243 3244 3245 3246 3247 6650] 3496 3497 3498 3499 3500 3501 3502 3503
6260|3248 3249 3250 3251 3252 3253 3254 3255 6660} 3504 3505 3506 3507 3508 3509 3510 JISit
6270 {3256 3257 3258 3259 3260 3261 3262 3263 6670] 3512 3513 3514 3515 3516 3517 3518 3519
6300 3264 3265 3266 3267 3268 3269 3270 3271 6700] 3520 3521 3522 3523 3524 23525 3526 3527
6310 13272 3273 3274 3275 3276 3277 3278 3279 67103528 3529 3530 3531 3532 3533 3534 3535
612013280 3281 3282 3283 3284 3285 3286 3287 6720 3536 3537 3538 3539 3540 3541 3542 3543
€330 | 3288 3289 3290 3291 3292 3293 3294 3295 6730] 3544 3545 3546 3547 3548 3549 3550 ISS1
340 [ 3296 3297 3298 3299 3300 3301 3302 3303 6740 3552 3553 3554 3555 3556 3557 3558 3959
+350 /3304 3305 3306 3307 3308 3309 33i0 3311 6750] 3560 3561 3562 3563 3564 3565 3566 3567
$360 {3312 3313 3314 3315 3316 3317 3318 3319 6760 3568 3569 3570 3571 3572 3573 3574 3ST5
"370 3320 3321 3322 3323 3324 3325 3326 3327)° [6770] 3576 3577 3578 3579 3580 3581 3562 3583)

"~ 0
e 1 2 3 4 5 6 7 o 1 .2 3 4 5 6 .1
7000{ 3 34 3585 3586 3587 3588 3589 3590 3591 7400| 3840 3841 3842 3843 3844 3845 3846 3847
7010 3592 3593 3594 3595 3596 3597 3598 3599 7410|3848 3849 3850 3851 3852 3853 3854 3855
7020] 3600 3601 3602 3603 3604 3605 3608 3607 7420] 3856 3857 3858 3859 3860 3861 3862 3863
7030] 3608 3609 3610 3611 3612 3613 3614 3615|. |7430| 3864 3865 3866 3867 3868 3869 3870 38T
7040] 3618 3617 3618 3619 3620 3621 3622 3623 7440] 3872 3873 3874 3875 3876 87T 3878 3879
7050 3624 3625 3626 3627 3628 3620 3630 2631 7450! 3880. 3881 3882 3883 3884 3885 3886 3887
7060| 3632 3633 3634 3635 3636 13637 3638 3639 7460( 3888 3889 23890 3891 3892 3893 1IBY4 3895
7070 3640 3641 3642 3643 3644 3645 3646 3647 7470] 3896 3897 3898 1899 3900 3901 3902 3903
T7100| 3648 3649 3650 (3651 3652 3653 3654 36551 7500 | 3904 3905 3906 3907 3908 3909 3910 3911
7110] 3658 3657 3658 3659 3660 3661 3662 3663 | 7510/3912 3913 3914 3915 3916 3917 918 3INY
7120| 3664 3665 3666 3667 3668 3669 3670 38N 7520|3920 3921 3922 3923 3924 3925 3926 3527
7130{ 3672 3673 3674 3675 3676 3677 3878 3679 7530|3928 3929 3930 3931 3932 3933 3934 3935
7140 3680 3681 3682 3683 3684 3685 3686 3687 75401 3936 3937 3938 3939 3940 J941 3942 942
7150] 3688 3689 3690 3691 3692 3893 3694 3695 7550 3944 3945 1946 3947 3948 3949 3950 395!
7160} 3696 3697 3698 3699 3700 3701 3702 3703 7560} 3952 3953 3954 3955 3956 3957 13958 3959
7170 3704 3705 3708 3707 3708 3709 3710 3711 7570{3960 3961 3962 3963 13964 3I96S 966 3967
17200] 3712 3713 3714 3715 INE 3717 3718 3T9 ) 7600 {3968 3969 3970 971 3972 I9TI 3974 39S
7210} 3720 3721 3722 3723 3724 3725 3726 3727/ . {7610|3976 3977 3978 3979 3980 3961 3982 3983
7220} 3728 W29 3730 3731 3732 3733 J734 3135 76203984 3985 1986 13987 1988 3989 3990 3991
7230] 3738 13737 3738 3739 3740 3741 3742 3743 76303992 3993 3994 3995 3996 3997 3998 3999
T240| 3744 3745 3746 3747 3748 3249 3750 3751 764014000 4001 4002 4003 4004 4005 4006 4007
72501 3752 3753 3754 375% 3756 3757 3758 3759 7650 | 4008 4009 4010 4011 4012 4013 4014 4015
7260| 3760 3761 3762 3763 3764 3765 3768 3767 76604016 4017 4018 4019 4020 402F 4022 4023}
7270} 3768 3769 3770 3771 3772 3773 3174 3175 7670 14024 4025 4026 4027 4028 4029 4030 4031
7300{ 3776 3777 IT78 J779 3780 378t IT82 I783 7700 | 4032 4033 4034 4035 4036 4037 4038 4039
7310{ 3784 3785 3786 3787 3788 3789 3790 3791 7710 {4040 4041 4042 4043 4044 4045 4046 4047
7320§ 3792 37193 3794 1795 3796 3197 3798 3799 7720 {4048 4049 4050 4051 4052 4053 4054 4055
7330 2800 3801 3802 3803 3804 3805 3806 3807 7730 | 4056 4057 4058 4059 4060 4061 4062 4083
734013808 3009 3810 J81F 3812 3813 3814 015 7740 | 4064 4065 4066 4067 4068 4063 4070 4071
73521 3816 3817 3818 3819 3820 3821 3822 3823 7750 j4072 407) 4074 4075 4076 4077 4078 4079
7350|3824 3825 3626 3827 3828 3829 3830 383} 7760 (4080 4081 4082 4081 4084 4085 4036 4087
7370} 3832 3833 3834 3835 383 3837 3838 3830 T770 4088 4089 4090 4091 4092 4093 4094 4095
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OCTAL-DECIMAL FRACT/ION CONVERSION TABLES

RN i U T T

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC,
.000 . 000000 . 100 . 125000 . 200 . 250000 . 300 . 375000
.001 . 001953 . 101 . 126953 .201 .251953 .301 376953
.002 . 003906 .102 © - .128906 . 202 . 253906 . 302 . 378906
.003 .005859 .103 . 130859 .203 . 755859 .303 . 380859
.004 ,007812 . 104 . 132812 .204 . .257812 . 304 .382812
.005 . 009765 . 105 . 134765 . 208 . 259765 . 305 384765
. 006 L0118 . 106 .136718 . 206 261718 .306 .386718
.007 .0136T1 . 107 . 138671 .207 .263671 307 .388671
.010 .015625 .110 , 140625 .210 . 265625 .310 . 390625
.011 .017578 L1 . 142578 .211 .267578 .31t .392578
.012 .019531 . 112 . 144531 212 . 269531 .312 . 3924531
.013 . 021484 113 « 146484 .213 .271484 313 .396484
.014 . 023437 114 .148437 .214 . 2734317 .314 . 398437
.015 .025390 L115 . 150390 .215 . 275390 .315 . 400390
.016 .027343 L1160 152343 .216 .277343 . 316 .402343
.017 .029296 117 . 154296 .217. . 219296 .317 .404296
.020 .031250 .120 . 156250 .220 . 281250 .320 406250
.021 .033203 .121 . 158203 .221 .283203 .321 . 408203
.022 . 035156 122 . 160156 .222 . 285156 .322 .410156
.023 .037109 .123 162109 .223 , 287109 .323 .412109
.024 .032062 .124 . 164062 .224 . 289062 .324 .414062
.025 .041015 .125 . 166015 .225 . 291015 .328 .416015
.026 .042968 .126 . 167968 . 226 .292968 .326 .417968
.027 . 044921 .127 . 169921 227 .294921 .327 .419921
.030 .046875 .130 . 171875 .230  ,296875 . - .330 .421875
.031 .048828 .131 .173828 .231 .298828 .331 .423828
.032 . 050781 £132 . 175781 .232 . 300781 .332 . 426781
.033 .052734 .133 171734 .233 302734 .333 . 427734
034 . 064687 . 134 . 179687 .234 . 304687 .334 .429687
.035 . 056640 .135 . 181640 .235 .306640 .335 . 431640
.036 058593 .136 .183593 .236 .308593 336 .433593
.037 . 050546 .137 . 185546 .23 .310546 .337 435546
.040 . 062500 . 140 , 187500 . 240 . 312500 L340 . 437500
.041 .064453 . 141 .189453 .241 .314453 . 341 .433453
. 042 . 066406 . 142 . 191406 . 242 .316406 .342 .441406
.043 . 068359 .143 -.193359 .243 .318359 . L343 - 443359
. 044 . 070312 L144 .195312 ;244 - 320012 ° .344 . 445312
. 045 . 072265 . 145 . 197265 .245 . ©.322265 . 345 . 447265
. 046 .074218 . 146 .199218 .246 . 324218 .346 . 449218
.047 .076171 . 147 L201171 L2477 .326171 .347 L4517
, 050 ,078125 - . 150 .203125 . 250 .328125 .350 .453125
. 051 . 080078 . 151 205078 .251 .330078 . 351 .455078
.062 . 082031 .152 .207031 .252 .332031 .352 . 457031
.053" . 083984 L153 . .208984 J253  ,333984 .353 . 458984
.054 . 085937 . 154 .210937 .254 . 335937 .354 . 460937
.055 . 081890 . 155 . 212890 . 255 . 337890 . 355 .462890
.056  .089843 L156 - .214843 . 256 . 339843 . 356 .464843
.057 .091796 L1517 . .216796 .251 .341796 . 357 .466796 -
.060 .093750 . 160 . 218750 . 260 . 343750 . 360 . 468750
.061 . 095703 .161 . ,220703 . 261 . 345703 .361 .470703
.062 .097656 L162 . 222656 . 262 .347656 .362 .472656
.063 . 099609 .163 . 224609 . 263 . 349609 .363 .474609
.064 .101562 . 164 . 226562 . 264 .351562 .364 .476562
. 065 . 103515 . 165 . 228515 . 265 .353515 .365 _.478515
.066 . 105468 . 166 .230468 . 266 .355468 .366 ", 480468
.067 . 107421 L1617 .232421 . 267 .357421 . 367 .482421
.070 . 109375 .170 .234375 .270 .359315 .370 484375
L0711 111328 N .236328 .21 .361328 .37 .486328
L0712 . 113281 L1712 . 238281 L2712 .363281 .312 . 488281
.073 .115234 L1713 ©.240234 .213 .365234 .373 .490234
L0M . 111187 174 . 242187 .274 .367187 .314 . 492187
L0713 . 119140 178 .244140 .215 .369140 .315 .494140
.076 . 121083 .176 . 246093 .216 .371093 .376 . 496093
.onm .12304¢ AN . 248046 L2717 .373046 .377 .498048
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OCTAL DEC, OCTAL DEC, OCTAL’ DEC. OCTAL DEC,
» 000020 .000000 .000100 - ,000244 » 000200 . 000488 .000300 000732
.000001 .000003 .000101 . 000247 . 000201 . 000492 .000301 .000738
.000002 .000007 .000102 .000251 . 000202 . 000495 . 000302 .000740
. 000003 .000011 .000103 .000255 . 000203 . 000499 .000303 .000743
. 000004 .000015 .000104 .000259 . 000204 . 000503 . 000304 000747
»000005 . 000019 .000105 .000263 . 000205 . 000507 . 000305 . 000751
. 000006 .000022 .000106 , 000267 . 000206 . 000511 .000306 . 000755
.000007 . 000026 ,000107 .000270 , 000207 .000514 .000307 . 000759
.000010 .000030 .000110 . 000274 . 000210 ., 000518 .000310 .000762
. 000011 . 000034 .000111 .000278 .0002}11 . 000522 . 000311 .000766
.000012 . 000038 »,000112 . 000282 . 000212 . 000526 .000312 .000770
.000013 .000041 .000113 .000286 000213 . 000530 .000313 .000774
.000014 . 000045 .000114 ,000289 . 000214 . 000534 .0003314  .000778
.000015 . 000049 000115 .000293 . 000215 . 000537 .000315 . 000782
. 000016 . 000053 .000116 . 000297 . 000216 . 000541 .000316 .000785
. 000017 . 000057 .000117 .000301 . 000217 . 000545 . 000317 . 000789
. 000020 . 000061 .000120 .000305 .000220 . 000549 . 000320 . 000793
. 000021 . 000064 .000121 .000308 . 000221 . 000553 . 000321 . 0007917
. 000022 . 000068 .000122 .000312 .000222 . 000556 . 000322 . 000801
. 000023 . 000072. .000123 .000316 .000223 .. . 000560 .000323 . 000805
. 000024 . 000076 .000124 .000320 . 000224 . 000564 . 000324 .000808
. 000025 . 000080 .000125 .000324 . 000225 . 000568 .000325 . 000812
. 000026 . 000083 . 000126 .000328 . 000226 . 000572 .000326 . 000816
.000027 . 000087 .000127 . 000331 . 000227 . 000576 . 000327 . 000820
. 000030 .000091 . 000130 . 000335 . 000230 . 000579 .000330 .000823
. 000031 . 000095 . 000131 .000339 . 000231 . 000583 . 000331 ,000827
. 000032 . 000099 . 000132 .000343 . 000232 . 000587 . 000332 . 000831
.000033 .000102 . 000133 . 000347 . 000233 . 000591 .000333 .000835
.000034 .000106 .000134 . 000350 . 000234 . 000595 . 000334 . 000839
.00L0035 .000110 000135 . 000354 . 000235 . 000598 . 000335 . 000843
. 000036 .000114 . 000136 »000358 . 000236 . 000602 . 000336 . 000846
.000037 .000118 .000137 . 000362 . 000237 . 000606 .000337 . 000850
. 000040 .000122 .000140 . 000366 . 000240 .000610 . 000340 . 000854
.000041 .000125 .000141 . 000370 . 000241 . 000614 .000341 . 000858
. 000042 .000129 000142 . 000373 . 000242 . 000617 .000342 . 000862
.000043 .000133 . 000143 . 000377 .000243 = , 000621 .000343 .000865
. 000044 .000137 .000144 . 000381 . 000244 . 000625 . 000344 . 000869
. 000045 . 000141 000145 . 000385 . 000245 ° 000629 . 000345 .000873
.000046 . 000144 . 000146 . 000389 . 000246 . 000633 . 000346 .000877
. 000047 .000148 . 000147 . 000392 +000247 . 000637 . 000347 .00088}
.000050 .000152 .000150  .,000396 . 000250 . 000640 . 000350 .000885
. 000051 . 000156 . 000151 . 000400 , 000251 . 000644 . 000351 .000888
. 000052 . 000160 . 000152 . 000404 000252 . 000648 .000352 . 000892
. 000053 . 000164 .000153 . 000408 . 000253 . 000652 . 000353 .000896
.000054 .000167 .000154 000411 . 000254 . 000656 .000354 . 000900
. 000055 .000171 .000155 . 000415 .+ 000255 . 000659 .00035% . 000904 -
.000056 .000175 .000156 . 000419 . 000256 . 000663 . 000356 . 000907
. 000057 .000179 .000187 000423 . 000257 . 000667 . 000357 . 000911
. 000060 .000183 © .000160 -, 000427 000260 . 000671 . 000360 . 000915
. 000061 .000186 .000161 ., 000431 . 000261 . 000675 . 000361 . 000919
. 000062 .000190 . 000162 . 000434 . 000262 . 000679 - .000362 . 000923
. 000063 . 000194 .000163 .000438 . 000263 . 000682 . 000363 . 000926
. 000064 .000198 000164 -, 000442 . 000264 . 000686 . 000364 . 000930
. 000065 . 000202 .000165 . 000446 . 000265 . 000690 . 000365 . 000934
. 000066 . 000205 . 000166 .000450 . 000266 . 000694 . 000366 .000938
. 000067 . 000209 .000167 . 000453 . 000267 . 000698 . 000367 . 000942
. 000070 . 000213 . 000170 . 000457 . 000270 .000701 .000370 . 000946
. 000071 . 000217 .000171 . 000461 . 000271 .000705 .000371 . 000949
. 000072 . 000221 . 000172 . 000465 . 000272 . 000709 .000372 . 000953
. 000073 . 000225 .000173 . 000469 .000273 .000713 . 000373 . 000957
. 000074 . 000228 . 000174 .000473 . 000274 .000717 . 000374 . 000961
. 000075 . 000232 . 000175 . 000476 . 000275 . 000720 . 000375 . 000965
. 000076 . 000236 . 000176 .000480 . 000276 . 000724 .000376 . 000968
. 000077 + 000240 , 000177 . 000484 . 000277 . 000728 .000377 . 000972
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™

OCTAL

OCTAL DEC, DEC, OCTAL DEC. OCTAL DEC,
. 000400 . 000976 .000500 . 001220 . 000600 .001464 . 000700 .001708
. 000401 . 000980 . 000501 .001224 . 000601 001468 .000701 .001712
. 000402 . 000984 .000502 .001228 . 000602 . 001472 . 000702 .001716
. 000403 . 000988 ..000503 . 001232 . 000603 . 001476 . 000703 . 001720
. 000404 . 000991 . 000504 . 001235 . 000604 . 001480 . 000704 . 001724
. 000405 . 000995 . 000505 .001239 . 000605 , 001483 .000705 .001728
. 000406 . 000999 , 000506 ,001243 . 000606 . 001487 . 000706 .001731
. 000407 . 001003 . 000507 . 001247 . 000607 001491 .000707 .001733%
. 000410 . 001007 . 000510 .001251 ° .000610 . 001495 .000710 001739
. 000413 . 001010 . 000511 .001255 " . 000611 . 001499 . 000711 001743
. 000412 . 001014 . 000512 . 001258 . 000612 . 001502 .000712 .001747
©.000413 .001018 2000513 .001262 .000613 001506 .000713 .001750
. 000414 . 001022 .000514 . 001266 000614 . 001510 .000714 .001754
. 000415 . 001026 . 000515 .001270 . 000615 .001514 .000715 .001758
. 000416 .001029 . 000516 .001274 .000616 .001518 . 000716 . 001762
. 000417 . 001033 . 000517 . 001277 . 000617 . 001522 . 000717 .001766
. 000420 .001037 . 000520 .001281 . 000620 . 001525 . 000720 ,001770
.000421 . 001041 . 000521 . 001285 . 000621 .001529 .000721 .001773
. 000422 . 001045 . 000522 . 001289 . 000622 .001533 . 000722 . 001777
. 000423 . 001049 . 000523 . 001293 £000623 .001537 . 000723 . 001781
. 000424 .001052 000524 . 001296 . 000624 . 001541 . 000724 .001785
. 000425 .001056 . 000525 001300 . 000625 , 001544 .000725 . .001789
. 000426 .001060 .000526 .001304 . 000626 . 001548 .000726 .001792
. 000427 . 001064 .000527 .001308 . 000627 . 001552 , 000727 .001796
. 000430 .001068 .000530 .001312 - . 000630 . 001556 , 000730 . 001800
.000431 .0010M .000531 . 001316 . 000631 .001560 .000731 .001804
.000432 . 001075 . 000532 .001319 . 000632 . 001564 .000732 .001808
. 000433 . 001079 .000533  °,001323 . 000633 - , 001567 .000733 .001811
. 000434 .001083 . 000534 .001327 . 000631 L 001571 . 000734 ;001815
. 000435 .001087 . 000535 .001331 . 000635 . 001575 . 000735 . 001819
. 000436 .001091} . 000536 .001335 . 000636 ,001579 .000736 . 001823
. 000437 .001094 .000537 .001338 .000637 . ,001583 . 000737 .001827
. 000440 .001098 . 000540 . 001342 . 000640 . 001586 . 000740 .001831
. 000441 . 001102 . 000541 .001346 . 000641 . 001590 . 000741 . 001834
. 000442 .001106 .« 000542 . 001350 . 000642 .001594 . 000742 . 001838
.000443 .001110 . 000543 . 001354 . 000643 .001598 . 000743 . 001842
. 000444 .001113 . 000544 .001358 . 000644 .001602 ©.000744 . 001846
. 000445 .001117 . 000545 .001361 . 000645 .001605. . 000745 . 001850
. 000446 .001121 .000546 . 001365 . 000646 . 001609 . 000746 .001853
. 000447 . 001125 . 000547 . 001369 . 000647 . 001613 . 000747 -, 001857
. 000450 .001129 . 000550 .001373 . 000650 .001617 . 000750 .001861
. 000451 . 001132 . 000551 . 001377 . 000651 . 001621 . 000751 .001869
. 000452 .001136 .000552 ,001380 - . 000652 .001625 .000752 .001869
. 000453 . 001140 . 000553 .001384 .0Q00653 001628 . 000753 .001873
. 000454 . 001144 . 000554 .001388 . 000654 .001632 .000754 - 001876
. 000455 . 001148 . 000555 .001392 . 000655 .001636 . 000755 . 001880
. 000456 .001152 . 000556 .001396 . 000656  , 001640 . 000756 .001884
. 000457 .001155 . 000557 . 001399 . 000657 . 001644 .000757 001888
. 000460 .001159 . 000560 .001403 . 000660 .001647 .000760 .001892
. 000461 . 001163 . 000561 .001407 . 000661 . 001651 . 000761 .001895
. 000462 . 001167 , 000562 .001411 . 000662, 001655 . 000762 .001899
. 000463 . 001171 . 000563 001415 . 000663 . 001659 . 000763 .001903
. 000464 .001174 . 000564 . 001419 . 000664 . 001663 .000764 . 001907
.000465 .001178 . 000565 . 001422 + 000665 . 001667 .000765 .001911
. 000466 .001182 . 000566 .001426 ,000666  ,001670 .000766 001914
. 000467 .001186 . 000567 . 001430 . 000667 . 001674 . 000767 .001918
.000470 . 001190 . 000570 .001434 . 000670 .001678 . 000770 . 001922
.000471 .001194 . 000571 .001438 . 000671 . 001682 L000771 . 001926
.000472- 001197 . 000572 . 001441 . 000672 .001686 .000772 .001930
.000473 .001201 . 000573 . 001445 . 000673 .001689 . 000773 .001934
. 000474 . 001205 . 000574 .001449 . 000674 . 001693 -.000774 .001937
. 000475 . 001209 .000575 . 001453 . 000675 . 001697 . 000775 . 001941
. 000476 . 001212 . 000576 .001457 . 000676 .001701 . 000776 . 001945
. 000477 . 001216 . 000577 .001461 . 000677 .001705 .000777 " ,001949
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LFI CURVE EXAMPLE

£(5/8)=6.500
£(1/2)=5.400

£(3/8)=4.00

f(1/4)=2.00

t{1/8)=8

| —l il 1 1 [ 1

N

i A o8

i/8 /4 3/8 12 5/8 3/4 /8
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5 £(1.0)= 7.99
T(7/8)=T.
t(3/4)=7.200



