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(Alphanumeric Output Subroutine continued)

4-BIT ALPHANUMERIC OUTPUT CODES
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TAB 30 Rr 1F
Lower Case 08 Ss TF
Upper Case 18 Tt SF
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Carr. Ret. 20 Vv 3A
Back Space 28 Ww 7J P s
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Stop Code Lo Yy 12
Leave Routine VQ 2z 02
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IGP~-30 SUBROUTINE MANUAL

This subroutine manual was compiled by the Royal McBee Computing
Section to facilitate coding problems for the IGP-30. The programming
was done by the Royal McBee Computing Section and various IGP-30 users.
As other subroutines are developed they will be added to the manual and
distributed to IGP-30 users.

The subroutines provide means for machine input and output as well
as evaluations of basic functions which are used in many problems.
For each subroutine the program listing, calling sequence, running time,
and storage requirements are given. Also, where applicable, the range
of variables, scaling, and accuracy are given. The values of constants
used in the subroutine are given in the program listing in the "note®
column of the line on which the constant is represented,

It is hoped that as LGP-30 users develope other useful subroutines
they will submit the routines to the Royal McBee Computing Section for
inclusion in this manual, This will facilitate prompt and complete.
distribution of generalized routines and prevent unnecessary duplication.

Royal McBee Corporation
1560 North La Brea Avenue

T

Hollywood 28, California , Copy No. 2 3 Z
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CONVENTIONS USED IN THESE WRITE ~-UPS AND LISTINGS

1. o¢ is the base memory location from which entry to a subroutine is
executed. Locations used by the subroutine are in reference to location
O(. E.G.,‘j'("’ 1,"(4' 2, ()<+ 30...0.

2¢ Memory locations within the subroutine which are not used are left
blank. Those used as temporary storage are bracketed, If the address
of an instruction is modified in the execution of the subroutine, the /
address is bracketed,

3¢ We try to use the "Hex, words" input code as infrequently as possible,
However, when this code is used, we try to load as many words as possible
with it

ko L, designates an initial location, Ly designates the final location,

5. It should be the programmer's responsibility to enter "Program Input
Codes" (and the associated stop code)on the coding sheet, This will
usually consist of a start fill (3), a set modifier (/}, and some hex.
words (,) codes.

6. The "Stop" and "Stop Codes" referred to in these write-ups and on
the coding sheet are synonymous with "Conditional Stop Code",

7. For explanation of our scaling convention, see write-up on
"SCALING",

8. Track 63 is used by some of these subroutines for temporary storage.
The track 63 sectors used by the subroutines are enumerated in *he res=
pective write~ups. This practice was found useful for 'bptimm" program-
ming of subroutines, However if the subroutines which use this temporary
storage are to remain optimum, the L, of the subroutine must be the
beginning of a track., It is suggested that the programmer may alsoc use
track 63 for temperary storage of intermediate caleculations., He should
not place a number in a track 63 logation used bv -one of these subroutines
and expect that number to be there after exit froa the subroutine,
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DEFINITIONS

1. A routine is a logical subdivision of a program, complete in itself,
and serving a specific function inm the problem. There is no fixed length
to any routine, and each routine occupies only as much storage as is acte-
ually needed.

2, A subroutine consists of a set of instructions to perform a standard
task which is of a sufficiently general nature to be used in a number of
different programs. Examples are subroutines to input and output data,
compute square roots, arctangents, etc. This Subroutine Manual is a
compilation of the specifications and listings of the subroutines, com-
pletely describing the function and use of each,

3. A calling sequence is a set of instructions used for transferring
from the main routine to a particular subroutine, It may also include
information needed by the subroutine, such as constants and the locations
of certain quantities., The calling sequence for each of the subroutines
is given in the Subroutine Manual,

he Minimum Time Programs

There are occasions when it is necessary to write programs which
will be executed in as little time &s possible, These minimum time
programs are referred to as "optimum" programs, Since the subroutines
contained in the Manual are to be used over and over again, they have
been optimized, (The process of optimizing requires placing the sector
of the operand eate + (Tk+l) where 2¢k%6 for most instructions).

The programmer should bear in mind that 10,000 executions of all non-
optimum instructions would take less that 3 minutes longer than 10,000
executions of optimum instructions, If the programmer spends 15 - 30
minutes on each routine trying to save machine time by optimizing, this
time may never be made up in the actual running of the problem.
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SCALING

The 10P-30 normally handles all numbers as if they were of the form
XXXX.........., that 1s, numbers numerically less than 1, However, it
1smﬁﬁiﬁe ‘simple to carry any number in the machine at any number of bin-

ary places, and this arithmetic is explained below. In talking about
the placement of the radix point in the IGP=30, it is simpler to talk of
the number of whole places in front of the radix point, rather than the
number of places after the point, Hereafter, a number will be referred
to as being carried at q places, q being the number of binary digits to
the left of the radix point, and 30-q as the number to the right of the
point,

Additions Addition of course poses no problem if the two num=-
bers To be added are at the same number of places. If not, either may
be shifted before addition by multiplying or dividing by "One'at an
appropriate q.

Multiplication: The IGP-30 multiplies a number at q) places by
a number at qp places and forms the product in the accumulator at qi
plus q2.places.,
L g gﬂﬁ§«4m S pT .
Division: The IGP-30 divides the accumulator at qq places by a
numbé¥ at gy places and forms the quotient in the accumula%or at q1

= 43 places. It should be noted that overflow will occur if the quotient
devéloped is not less than 2q3 in absolute value,

10-29-56
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PUNCHING TAPES FROM CODING SHEETS

1, Only the "Program Input Codes" and "Instruction" columns of the
coding sheet are to punched, with appropriate stops. Never punch
"Location,” "Contents of Address," or "Notes" columns.

2., Each entry on a line must be followed by a conditional stop code==
®Stop" column, symbol ('). A line left blank must have the stop code
punched.

3. Punch the "Program Input Codes™ column only when there is an entry
in the column, The "Program Input Codes" must be followed by the stop
(')e This punching must precede the punching of the "Instruction"
column on the same line of the coding sheet,

. ILeading zeros need not be punched, All other zeros must be punched.
E.Ge., 00013086!' only 13086' need be punched, ,0000017! must be punched
,0000017's For T0O059! punch T0059!,

5. Consider brackets as containing zeros. E.G., forl. ... ]t
= (D0000000] ', only the stop code need be puncheds For BL.. . I s
B[0000]* punch BOOOO',

6, All punching may be done in lowver case, B0627! will appear as
b0627¢,

7. The placing of carriage returns is left to the discreticn of the
person preparing the tape. Carriage returns do not affect the input
operation, We have arbitrarily placed a carriage return (&a) after
every L4 words on each coding sheet.

8. A heading may precede a punched program to identify the tape.
Anything except a stop code may be punched as a header, Then as the
tape is fed through the input reader the heading will print but will
not affect the operation of the computer,

9. Each tape should be yerified after punching. This can be done by
placing the punched tape in the reader and "listing" the tape by the
following process.

a, Make sure "Cond., Stop" button on reader is up.

b. Depress "Start Read" button.

ce. VWhen printing stops, depress space bar,

de Repeat steps b and ¢ until entire tape is printed,

Then the printing may be visually checked against the coding sheets
for correctness and presence of stop codes,

|



NOTE
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This subroutine menual has been written for use with the 6-bit
Flexowriter. This Flexowriter is standard equipment on all IGP-30’s
Certain routines contained herein
must be modified if they are to be used on the earlier model 4-bit
Flexowriter., These modifications are listed on the "Changes for

with serial numbers aboVe 12,

hobit Flexowriter" page,

The following keyboard codes differ in the 4-bit and 6-bit

Flexowriters:

L-BIT

@
f

+ ONED

)

Space
A€

Does not print

CCDES

123456
001010
010010
011010
000011

401011,

001011
100000

Not recognized

= +
?
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CHANGES FOR L4 - BIT FLEXOWRITER

Program 10.0 write-up.
Change "+" to "€" (three changes).

Program 12.0 coding
Location 002}. Change from O3F0 to 2GFO.

Program 13.0 coding.
Location 0056. Change from XPO31lL to XPL31l

Program 13.1 coding.
Location 0056. Change from XPO31L th XPL31l

Program 20.0 output codes.

Pages 1 of 1

Substitute "l-bit Alphanumeric output codes" sheet for 6—bit¢

Alphanumeric output codes" sheet.

Program 21.0 coding.

Location 00C8. Change from XPO3LL to XPL3LL
" 003l " " XPO306 " XPL306
n 0107 " n XPO336 " XPL336
" 0218 n n XP1154 " XPO35L

Program 12.1 coding.

Location 020k. Change from 803J0 to 82GJO

3/28/57



ROYAL McBEE CORPORATION

LGP-30 Input Output

Keyboard Code

Numerical Commands Controls
123456 123456 123456
)0 000010 Zz 000001 Lower Case 000100
L1 000110 _ Bb 000101 Upper Case 001000
@* 001010 Yy 001001 Color Shift 001100
, 001110 Rr™ 001101 Car Ret 010000
Aly>™ 010010 Ii 010001 Back Space 010100
>, 010110 Dd 010101 Tab 011000
4 011010 Nn 011001 _ Cond Stop (') 100000
«f 011110 Mm 011101 . Start Read 000000 .
%8 100010 Pp 100001 —BPATE e OO
(9 . 100110 ~ Ee 100101 Delete 111111
Ff 101010 Uu 101001
Gg 101110 Tt 101101 Signs
J3 110010 Hh 110001 x ,
Kk 110110 Ce 110101 —=F ooTeET—" ) f1
Qg 111010 Aa 111001 - 000111
Ww 111110 Ss 111101 “
Balance of Keyboard : 1%\;“\\\
o
123456 o
o
23 001111 o
2/ 010011 °
1. 010111 612 0345
C, 011011 600 2000
Vv 011111 o
Oo 100011 b4
—> Xx 1001?1 - g
[]
~——_©
— i
se T
No.{"’:’ L ‘j'fx
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BOOTSTRAP ROUTINE
(PROGRAM 09.0)

FUNCTION:

To load the input routine on tracks 00, Ol and 02. After the
bootgtrap program has loaded the entire input routine, a halt is
executed at track 63 sector 13 (3W34.) Depressing the Start button
transfers control to the first instruction of the input routine.
PROCEDURE :

The tape containing the bootstrap (and the program input routine)
i8 placed in the tape reader and then the followlng manual operations
are performed

1. Connect Switch to "off" position.
("Inp. - Comp." switch to "Comp." on early machines.)

a. Depress Flexowriter "Start Read" button.

2. Depress "Manual Input" button on console.
("Interrogate" button on early machines.)

3. Depress Flexowriter "Start Read" button.

4. Depress "Fill Instruction™ button.
("Fill R" on early machines.)

5. Depress Flexowriter "Start Read" button.
6. Depress "One Operation” button. v

7. Depress "Execute Instruction”" button.
("Execute R" button on early machines.)

8. Repeat steps . 2 through 7 five more times before proceeding
to step Y.

9. Depress "One Operation" button.
10. Depress "Normal button.

11. "Connect" switch to "On".
(Inp -~ Comp." switch to "Inp." on early machines.

12. Depress Computer "Start".

The entire tape will automatiaclly read in after manually per-~
forming step 12 above.

Rev. (1) 12/13/56
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1GP-30 PROGRAM INPUT ROUTINE
(PROGRAM 10.0)

The purpose of this report is to describe a method of entering
information into the IGP-30, The general characteristics of the IGP=30
are described in the programming manual. A program consists of two types
of words, data and instruction. This write-up primarily describes the
process of inputing instruction words and hexadecimal representations of
data words., This process does not handle data words expressed in decimal

form.

There are several functions to be performed by a useful input routine,

1.

2e

3.

ho

The most direct way of entering information into the LGP-30 is
to present it with binary words. But since it is difficult to
program in this number system, we prefer to do our programming
in decimal notation. If we are to write words in decimal form,

we must provide the machine with a means of converting such words

into binary form,

,Most routines contain instructions which refer to other locations

within that routine. Hence if we wish to place the routine in
another portion of memory, we must modify some of these addresses,

It is sometimes useful to express a number in binary formee.ge, Yy
or other universal constants,

It may be necessary to make instructional or data changes to a
program that has already been stored in memory.

These are the functions which this input routine is designed to

perform.

This routine recognizes seven types of input word., The sign and
first 3 bits of the input word are used for the input routine to iden-
- tify the type. These words and their symbols are as follows:

1.

2.

Instruction (none) consists of an order and decimal address.
The address consists of a decimal track and sector, The
instruction is converted to its binary equivalent and stored
in a given location. The address portion is incremented by
the contents of the "modifier® (to be discussed below) un-
less an "x" precedes the order. e.g. b 4000 will in inc-
remented. x b 6310 will not be incremented (and the x will
not_appear in the stored instruction), e —

Command (+) This word will be treated as an order to the

input routine, The order will be executed after entry of
another word. The command is input in decimal and is not
incremented by the modifier. The second word, presumably
data, is input in hexadecimal. e.g. +00h1637 followed by
73W08 will store the hexadecimal word 73W08 in memory
location 1637,

Rev. 3/25/57
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PROGRAM 10.0

3. Start £i1l1 (3). Tells the input routine where to begin
f£illing input words. Fach succeeding word will be filled
consecutively. The address portion of the start fill
word is decimal, amd consists of both track and sector
number. e.g. 30003128, The first stored word will be
located in track 31, sector 28,

Lho Set modifier (/). The magnitude of the address of the
modifier will be used to increment orders. The set
modifier word will usually follow a start fill and will
usually be identical to it in magnitude. This word is
for use by the input routine only.

5 Stop and transfer (.). This word stops the flexowriter,
A "start® will transfer control to the memory location
contained in the address portion of the stop and transfer
word, Depressing break switch 32 on the control panel
will cause the computer to disregard the stop portion of
this word. e.ge. 0001700 will stop reading, then control
will be transferred to track 17, sector 00,

6. Hex. words (,). This instruction causes the next N words
to be filled without conversion. N is specified in the
address portion of the "hex. words"™ word and must be
within the range 1 & N & 63 e.g. ,000001; means the next
1)} words are to be stored in the next 1l consecutive memory
locations. The words must be in hexadecimal notation, and
they will not be incremented by the modifier.

7. Hex. £ill (v). Fills the next n words hexadecimally
beginning in m, m and n are proper hexadecimal numbers,
The format of the word is v m ny, Ny my m, mh. -
v1JO2WO0 means the next 1J0 words[KiJQlé = ?BhB) é’will
be filled consecutively beginning in location 2w3 [(ZWOO)
= track (L47) 0 sector 00). Up to (7WW) 6 = (20h7)1o words
can be fille% by a single hex fill inpu% order.,

Leading zeros need not be punched on any input word. All other
zeros must be punched. e.g. 800T0018 must be completely punched;
000537h9 only the last five characters need be punched. e.g.

B37L9.

When the overall coding for a problem is surveyed, it is found
that the instructions separate logically into independent groups,
some of which can be used in any number of problems. Examples of these
groups are subroutines of all types, standard input and output routines,
and the mathematical subdivisions of the problem. It would be desirable
to code these pieces without reference to the other pieces. In order
to separate these pieces completely, it is necessary to assign a group
of instructions a block of storage locations which does not correspond
to actual memory locations; otherwise two blocks of coding might be
found to occupy the same section of storage, requiring a change in the

10/29/56
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PROGRAM 10.0

coding for one of the two pieces. The "set Modifier" order of the
input routine was intended to facilitate this type of coding. A

group of instructions can be coded without reference to actual memory
locations by starting that group at symbolic address 0000. Then by
setting the modifier to the "start fill" location, the programmer may
position a routine to any part of memory. An instruction preceeded by
an "x" will not be incremented, and this instruction will still refer
to an absolute memory location. It should be noted that orders may be
coded for actual locations merely by setting the modifier to zero (i.e.,
input order /0000000), Thus no particular restrictions are imposed upon
the programmer by this system.

If the input routine detects an erroneous input code it will print
"code" and halt., The last word read from tape contains the erroneous
code in the first punched character.

A tape prepared for this input routine must contain flexowriter
format control., It is suggested that a carriage return be inserted after
every four words on tape. If there is no format control and the flexo~
writer carriage is permitted to space into the automatic carriage return
a stop will result. The ccmputer will continue if the carriage return
button is depressed.

10/29/56



4+ oo Code

e

[ =

Q

ol

s VIR

I 4] +

-
5 & &
opl23l
x0pl23hk
00T 1231
O0xT 123}
000p123kL

000 123k
000 123k

000 1 234

00000 12

0y nphy mmpmam),
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INPUT ROUTINE FORMAT

Mod,
Not MOd .
Mod.
Not Mod,

PROGRAM 10.0

INTERPRETED AS:

Instruction -
Order plus address (dec.)

Command., This word is
treated as an order, using
the following word as data.
Following word in hex,

Start Fill - Address in decimal
Set Modifier - Address in decimal

Cond, Stop and Transfer -

Stop (unless Sw 32 down) and
transfer to location specified
in address.

Hexadecimal words.
Next N (dec) words are hex,
£ill sequentially 1 & N 63

Hexadecimal Fill - Fill N

(hex) words beginning in loc.
M (hex) 1§ N & 2047

Rev. 3/25/57
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HEXADECIMAL INPUT ROUTINS
(Program 10.1)

FUNCTION:
1. To read hexadecimal information and store it on the memory drum.
2. To verify that the information has been correctly stored by
generating a summation of the binary bits stored on the drum

(a check sum) and checking this summation against a previously
computed summation placed on the input tape.

INPUT:

A tape prepared in its entirety by program 13.1. Thils tape contains
the followlng:

1. An identification word in the form v n1 np n3 my m, my m where
N = (n no n3) = the number of words in hexadecimal to bé placed

on the drum.” M = (m} mp m3 mh) = the initial location in hexadecimal
to begin storing the words.

2. N hexadecimal words, each followed by a conditional stop céde.
3. The check sum.
PROCEDURE :

1. Transfer to the beginning of this routine with the previously
prepared tape in the reader.

2. The routine will read the ildentification word and set up the
initial address and a tally from M and N respectively.

3. The hexadecimal words are read and stored sequentially on the
memory drum. After each word is stored the address (for the
next worc)is incremented by 1 and the tally is decremented
by 1.

4. After all hexadecimal words on tape have been placed in memory,
the check sum 1s read in and stored withln this routine. Then
another check sum is computed in the identical manner used by
program 13.1.

S. The computed check sum is subtracted from the one placed on tape.
It they are equal, the routine returns for another identification
word.

6. If the two check sums are not equal the routine prints "error"

and halts. To re-read the same record, back up the tape in the reader
to the last "v code" (identified by a punch in channel 6) and depress

3/28/57
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(Hexadecimal Input Routine continued)

the start button. The routine will return to re-read the identification
word and procecd from there.

OUTPUT :

The information on the tape stored in memory and checked for
validity.

TIME:

Reading from tape - onec track per minute.
Computing check sum - ten tracks per minute.

STORAGE :

96 lecations of instructions and constants.
No temporary storage.

3/28/57
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ROYAL MCBEE CORPORATION
EIECTRONIC COMPUTER DEPARTMENT

LGP-30 PROGRAM INPUT ROUTINE
(Program 10.4)

When the overall coding for a problem is surveyed, it is found that the instruc -
tions separate logically into independent groups, some of which can be used in any
mumber of problems. Examples of these groups are subroutines of all types, standard
input and output routines, and the mathematical subdivisions of the problem. It
would be desireable to code these pieces without reference to the other pieces. In
order to separate these pieces completely, it is necessary to assign a group of
instructions a block of storage locations which does not correspond to actual memory
locations; otherwise two blocks of coding might be found to occupy the same section.
of storage, requiring a change in the coding for one of the two pieces. The "Set
Modifier" code word was intended to facilitate this type of coding. A group of
instructions can be coded without reference to actual memory locations by starting
that group at symbolic address 0000. Then by "setting the modifier" to the "start
£i11" location, the programmer may position a routine to any part of memory. An
instruction preceded by an "x" will not be incremented, and this instruction will
still pefer to an absolute memory location. It should be noted that instructions -
may be coded for actual locations merely by setting the modifier to zero (i.e., input
code word /0000000). Thus no particular restrictions are imposed .upon the programmer

by this system.

If the Program Inpﬁ%ﬁﬁoﬁtigémaéfécté an erroneots code word it will return the
typewriter carriage, print "error", and stop. The last word read frem tape (or key-
bqard) contains the erroneous code.

A tape prepared for this Program Input Routine must contain typewriter format
control. Tt is suggested that a carriage return be placed after every four or six
words on tape. If there is no format control and the typewriter carriage is permitted
to space into the automatic carriage return tab a stop may result. The computer will
continue unaffected if the carriage return key is depressed.

TIME:

Tnstructions are loaded and converted to binary at the rate of one track every
60 - 70 seconds. The Hex. fill code loads and computes the check sum at the rate of

one track every 50 - 60 seconds.

 STORAGE :
Locations 0000 through 0263. ( 3 tracks). Na. temporary..storage. éfﬁﬁ’ﬁ

PROGRAM STOPS:

Location Meaning
0062 Erroneous input code word.
0062 The computed check sum is not identical with the check

sum on tape.

10,4 - 02



ROYAL MCBEE CORPORATION
ELECTRONIC CCMPUTER DEPARTMENT

PROGRAM INPUT ROUTINE CODE WORDS
(Program 10.1)

B
. - o
S 8 & &
T T S S

X ¢»Tl Ty S S
Joodgd Ty T, 8y Sy

80X g7y T2 815

+00d T Ty 5 55
5000717 Tzls1 52
/000T] To 8] Sp
.000T; T, 8 &

,00000N, N

v nj np ngy my m2,m3’mh

INTERPRETED AS:

Instruction - modified

Instruction - Not modified

Negative instruction - modified
Negative instruction - Not modified
Cormmand. This word is treated as an
instruction to the input routine, using
the following word as data. Following
word is in hex. : :

Start fill - The first input word will
be stored in location T1 T2 5 52, and
succeeding words will be stored sequentiall;

Set modifier -~ Set "modifier"location to

Ty T S1 Sp. Add modifier to all succeed-
ing instructions not preceded by an "x",

Stop and transfer - Stop (unless BREAK
POINT 32 is down) and transfer to Tq Tj

S1 Sp upon depression of START button or
START COMP, lever.

Hexadecimal words. The next Ny N 5 (dec.)
words are hex. fill sequentially
1$N1N2$63

Hexadecimal fill - Fill nj np n3 (hex)
words hexadecimally beginming in location
my My Mg m, (hex.). 1 <n npn3y< (2047) .
Compute a check sum for these filled
locations and verify this computed check
sum against a previously computed check
sum placed on the tape after the last word
on tape. Do not read and verify the check
sum if the TRANSFER CONTROL button is
depressed.

¢ represents. any one of the 16 LGP-30 orders (or commands) Ty T2 are the decimal

digits for the track part of an address.
sector part of an address

S7 Sp are the decimal digits for the

10.L - 03



ROYAL MCBEE CORPORATION
ELECTRONIC COMPUTER DEPARTMENT

1.0P-30 PROGRAM INPUT ROUTINE
(Program 10.4)

oOriginal Program 10.3 Modified by Rice Institute

The primary function of this routine is the entry of programs from paper tape or
typewriter keyboard to storage on the LGP-30 memory drum. The general characteristics
cf the LOP-20 are described in the LGP-30 Programming Manual. A program consists of
teo types of words, instruction and data. This routine deals exclusively with the
irputing of instruction words and hexadecimal representations of data words. This
rcutine does not handle data words expressed in decimal form.

There are several functions to be performed by a useful program input routine.

1. The most direct way of entering instructions into the LGP-30 is to present
it with binary words. But since it is difficult to program in this.mamber _ ..
system, we prefer to do our programming in decimal notation. If we are %o
write instructions in decimal form, we must provide the machine with a
means of converting such instructions into binary form. '

2 Most programs~contain-instructionS‘which refer to locations within that
program. Hence if we wish to place the program in another portion -of memory,
we must modify some of these instructional addresses. '

}. Tt is sometimes gonvenient to express a number in binary form. e.g., 7] or
other universal constants. ‘ o . ’ Tt e e

4. It may be neceséary to make instructional or data.changes to a program that
has already been stored in memory. :

These are the functions which this input routine is designed to perform.

This routine recoginzes seven types of code word. After a code word has entered
the accumulator (from tape or typewriter keyboard), the accumulator sign position and
high order 3 binary bits are analyzed to identify the type of code word. Then a
transfer to the appropriate interpretive subroutine within the program input routine
is executed. These seven code words and their symbols are as follows.

1. Instruction (none) consists of an order and decimal address. The address
consists of two decimal digits for track and two decimal digits for sector.
The entire instruction is converted to its binary equivalent and stored in
a given location. The address portion is incremented by the contents of the
mmodifier" (to be discussed below) unless and "x' precedes the order. e.g.,
bL4000 will be incremented: xb6310 will not be incremented. The x will not

appear in the stored instruction.

2. Command (+). This code word will be treated as an instruction to the Program
Input Routine. The instruction will be executed after the entry of another
word. The command code word is input in decimal and is not incremented by
the modifier. The second word, presumably data, is assumed to be in hexa-
decimal. e.g., the command +0Oh 1637 followed by 73W08 will cause the hexa-
decimal word 00073WO8 to be held (stored) in memory location track 16, sector

-37.

-, - A

3. Start fill (;). This code word tells the input routine wheré té‘begin £ill-
ing input words (instructions and/or hexadecimal representations of data).
Each succeeding word will be stored consecutively until or unless a new start
fill interrupts the procedure. The address portion of the start fill code

10.L - 00
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word is decimal, and consists of both a track and a sector. e.g., The code
word ; 0003128 will cause the first input instruction or hexadecimal data
word to be stored in track 31, sector 28, the second in location 3129, the

third in 3130, etc.

Set modifier (/). The magnitude of the address of the set modifier code
word is stored in a memory cell within the Program Input Routine known as
the "modifier". This modifier is added to the address portion of all sub-
sequently input instructions not preceded by an "x". The modifier remains
unaltered until repiaced’by another set modifier code word. The set modi-
fier code word will usually follow a start £ill code and will usually be
sdentical to it in magnitude. This word is for use by the Program Input
Routine only. It will appear no where else on the drum as such.

Stop and transfer (.). This code word is executed in two parts. The first~
part causes the computer to execute a stop instruction. The second part,
initiated by a depression of either the computer START button or the type-
writer START COMP. lever, will cause .the computer to transfer control to the
memory location contained in the stop and transfer code word. The "stop"
part of the stop and transfer code is ignored if BREAK POINT 32 on the
computer~eonsole-is in the tdown! .position. e.g.,.The code word .0001700
will stop reading. Then, upon depression of the START button, control will
be transferred to memory location 1700.

Hex. words (,). This code word causes the next Ny Np words to be filled
without decimal translation. Ny Nz is specified in the sector portion of the
WHex. words' code word. 1< Ny Np < 63. e.g., The code word , 000001L
means that the next 1k inpﬁt words are to be stored in the next 14 locations
of memory. The input words must be in hexadecimal and they will not be
incremented by the modifier.

Hex. fill (v). This code word causes the next n hexadecimal words to fill
consecutively beginning in location m. Both m and n are proper hexadecimal
numbers. Qggipg_the filling procedure a summation of the binary bits actuall;
ctored into memory (@ check sum) is generated. After all (m) words have
been stored on the drum and if the TRANSFER CONTROL button is not depressed,
this check sum is compared against a previously computed check sum ¥* placed
at the end of the m hexadecimal words. .If the two check sums are identical
the hex. fill procedure is successfully completed. If the two check sums
are not identical the Program Input Routine will return the typewriter
carriage and print "error”. The format of the Hex. £ill code word is

vnl n2 n3 m1 m2 m3 m,; e.g, The code word v1jO2wCO will cause the next 1jO=n
words | (1J0)q¢ = (LUB)1y] consecutively beginning in location 2W00=m
[(2W00)q¢ = location (4710)15]. As many as (TWW)16 = (20h7)10 words can be
filled by a single Hex. fill code word.

Leading zeros need not be punched on any input word. A11 other zeros must be

punched. e.g., The code word /0001357 must be completely punched; O00B3749 only the
last 5 characters need be punched. i.e., B37L9. T o

# Fither program 13.1 or 13.2 will prepare the previously computed check sum and
place it at the end of the Hex fill input words.

0.4 - 01
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DATA INPUT #1 SUBROUTINE
( PROGRAM 11.0R

FUNCTION:

To read a decimal number from tape, convert to binary, scale to
the proper binal point location, ahd store the word in a specified drum
location. For each number the following is punched on tape:

l. The decimal point location of the number on tape,
counting from right to left. (One decimal digit
designated as "P%),

2. The binal point location desired for the number
to be placed on drum. (Sign and two decimal
digits designated as ®g").

3. The drum location to which the number is to be
sent. (2 decimal digits for track and 2 decimal
digits for sector).

4. The number to be entered (Seven decimal digits
plus sign).

INPUT ¢

For each word to be stored, an identification word (parts 1, 2,
& 3 above), and the signed number (part L above).are required.

CALLING SEQUENCES:

Loc. Inst. Add.
= R (Lo + 8y
X+ 1 U Lo
A+ 2 etc,
QUTPUT «

The scaled binary representation of the number will appear at its
proper drum location,

EXIT:

A "zero" indentification word will cause the routine to exit to
=+ 2).

10/29/56
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PROGRAM 11.0R

SCALING:

The location of the decimal point in the decimal number is
specified by a number P, which denotes the number of places follow-
ing the point in the seven digit field. P can be in the range 0<P.J9.
The location of the binary point in the full 30 bit binary word is
specified by q, the number of digits preceeding the point in the full
worde q can lie in the range given in the following table.

In order for the number to be representable at a given q, the
number must be less (in absolute value) than ,q. However, if too large
a q is used, the number will not reconvert exactly on output, since there
will be to6o few binary digits following the point to adequately represent
the fractional part of the number, The following table also gives the
maximum conversion correspondence between P and q.

TABLE OF P vs Qg2

P Max q Min q Max g for Exact Min q for Max
. Reconversion No. Size (all 9's)

0 +47 +2 +30 +2ly
1l +L3 -2 +26 +20
2 +10 -5 +23 +17
3 +37 -8 +20 +1l
L +3L -11 +16 +10
5 +31 -1 +13 +7

6 +28 =17 +10 +})

7 +2l, -2 +6 0

8 +2]1 -2Y +3 -3
9 +17 =28 0 -6

10/29/56
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PROGRAM 11.0r

TIME:
20 - 25 words per minute.
ACCURACY:

The scaled number in memory may be inaccurate in the i0th binary
position.

STORAGE :

192 locations of instructions and constants. Eight locations of
temporary storage (Track 63, sectors 03, OL, LS, 52, 5L, 55, 56, 57).

PROGRAM STOPS:

Loc. Meaning

(Lo + 023h),, Divide check in scaling data word. IN¢ > 29,
EXAMPLES: (See LGP-30 Data Input 1 load sheet)

1. Place +96.40236 in drum location 623L at a q of +7

2. Place -.000000597 in drum location 2363 at a q of -1}

3. Place +330000. in drum location 2100 at a q of +30

TAPE PUNCHING INSTRUCTIONS:

1. All characters of the I.D. word must be punched. e.g., punch
0+096300° completely. The first three characters should not be
omitted. The stop code (?) must be the last character.

2. Leading zeros of a positive number need not be punched. To
enter all zeros merely punch a stop code. All digits of a
negative number must be punched.

3. Be sure to check each load sheet to see whether an additional
stop code should follow the last number punched.

3/20/57
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N o130, 'UI‘O'O'/‘r?' ‘

THUHN S N S L h 4l LM}OL/IB!éi 1@y /;}fZL 1—2‘/ R Ae'(s
i L dlsl J/%d,oll#f/‘

i '1 L .16 . IX,X{OL ¢ 30N {70029 (vosy)

S PR S AR T ,E}ca&,élo' ENENERL

S S 181 ,Mjlol/,%O’ —¢i Y

ey Lo ael L AGS s RN )
S L .20 ‘x,/—l,[élj’;:ﬁ(é‘ ANz

PR T L 21 . ,’lugo,o,w;f'

P 22l (R0 044!

A Ca230 ,U%Ojo,/lo'

P L2l lx,%%c;,o,_f,z', 57 (6044)

T S S N L1250 4, ,E%O,'ZJ"ZL_QJI0Wz.uwm/u,'oo

M —— 28l Mo e -3e o

N c2. 7 X AL 63,56 X sh

R L 28 . Wy00,3.1 ' |

7,0,0,0%0,0,0A1" L 291 T ‘%7'-/0430 (6007)(0104)

AR B N SR (ec)

. L , .31 L ,)’,0,_’;4@9“_ ':& Joc. oF el of Mo A memory

' (X sturn

Conditiounal Stop Code

Carriage R

}{;)@V' 3'1«0“57
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Job No. Program No._/. o Prepared by___ Dy, 76/4(‘ Date /a/;z/,/j’é
Problem DATA I/\/F’UT H ) )r)BzouT“/c' Track

Proggggfinput é?L°°‘t1°n Og?struczéggéaa é; C°X§§§;;§°f Notes

1
NP B :
T .
- ; P 9,032} 5;0.7/;‘/. 7' re7

TR | A 331 7ozl -—9fo:;/'ff|/e i

Lo ‘L L R ,3,h - Ei 0.+ /, 3" wwwwoeooo bere fov "f“l‘fv'i,&. Dh,!g add,

fod ; el 1 1315 ! leC;é’l-B 1—5—17' { CO""IIPLMM»‘{’ ?',

. : L . .36 | ,X,S%é‘_"ﬁlﬁ'/' :

R S R A . eI | A W SAAL A 37

T TR 380« /f[é)_B o,.s!" ;fz ? /

L ; N L 39 X Bié 3,940 0} ', O, hord

TR N o bol EIO 2/, 7' 170000000 Dro? all but PE3

e b1 110100/‘7"

Y ; R L ,hlz el 510 /. M lexit zolrd ‘ére far pos‘:‘fiw' o,

L L L b3 U0 /.08 '

e : L . ,’J,h L A:[: | ,j' Aco3o or Hoor

L { . Chsl Voo 4ol

L ; R L6 ‘X,H;élB.OL‘/' AP ag

A b Mot 33K 1Ex Py

1 L8l Ao s L (0"

e : . ohol ,7:0,1,3V5' [(167)

— : e ., 501 )/J 0z.2.2" L")

P { _— . 15,1 _ LBILO,O‘/‘@ ! 30 &g

N : - .52 ,x,S:élj’Lol'j ! g

N ; - L .93 1x,5;élﬁlol4 ' 4P g

— L1 .lego.o./,zzn' Stirt _reader

TS S S . Sis - Tlé}l?v’.’b._]"% —> <4, 4 k/;;ﬁz" 1o scale

I bt 260 L L?:ro'/'/‘L/ ’ bheve s shift feff T scale

e L 5T ,U%o,oléL/'

e .. 58] U,c/ PR AN
& 0 Jo:a 0,0, ! X ‘519 . l,z. FEY €K '% /@/‘(/’Coo&'{)

: L . .60 jdsdjdu' {oor?)

e 63 Al o)

- : o . ,6L2 L Cl 0.2 3 4" seule dbeley

N : L L6t3 , ,XJ,O O O ! —[_ILA"-/ oo los conrd

! X carriage Return

Conditional Stop Code

/"(xf Ve 3-re-5Y
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Job Ne. Program No. //. ox Prepared by % >(§,:,¢, Date /o / 14 /{é_
Problem DA 74 Z~vpor */ SZ/B;?D u/;mxf‘ Track
o e |Swcstion| o, " 18] Chaamens | Motes.
1 14 } [ 1 ! N ] '
e iL bro 4, /001 N% 0.a.+7'| /7@ 30 S/lff oul of spacer
R W S 02X LEJI 0,+3. 71" Tiim word
P 'l b4 . .02 L (X H6,3,.5,24" No. jn a/e¢,
U S 030 15]1017':3;7' JACER:
I S O S A S A —> werd = o
Lo [% A L0951 4 15;0,/ ] /e - 1@ 30
R S L 06 ., Ti00.4.2] > positive word
T S L XY AN .3{0,7',"/.3 ! Zorlb feve for moaq. word
Lo i JT ek 081 L IY} o /14 4 Aflnar({/jaf/bn exilt
SR SN L0911 JX.B‘]é,.fL.‘D’,?r' No. iwn dec,
SRV B S . SN 45%9.7"‘/[6’ (Wi ) W ) @ Jro’p t;Da%‘i{ia‘n
b b} % bk i n .X.//}é.3,5.‘/‘ ' N
Lot 1 } ol R et ll/J'OL/‘/,é'
S A3l Ze2 48 Lo (107) (s045)
P Lol u(/%E. L AP lveesy or wvesse
TS S S N ‘A%O,OLBLO' (0 000)
T X6 ,E‘IOLZ,_BLT‘ 01818/ 6.0
T ! ‘1_,,,«4*4*_,_1‘M%01/,1{‘6' —c @Yy
N B .18 ,_Lx,/l{é.j’.f,‘f' N,
TR N N k9 . |)(IH]Lé|-3:5[5' Ny
S S L 22.0) .Uiol /1,2 4]
T S L2 ."Z;OJ 2 (0044)
P SO S el T !
S 230 Mo/ Y8
b L 2l E0 137 lo/kowaeg
AR B Nyl N Y O B,
et L 12,8 _;1X14i €. 3 5‘~5__: N
L L 2.7 Jx.f/%é,j,ie'&l N
R 1; L L , .2 .8 L JEQ o, /,1/A54/wc»ua octo
PP L 291 . JM'Lolll / 5l iay‘;«'y‘x,{a/é
RSN ENSNRIN IS S VX S !3,..{49_,,‘1{*.:&
_).0,040,0,0,0,3 L 43,1 N T
' Conditiunal Stop Code X Carriage Return

ng. 3-30-57
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Job No. Propram No._//. ?r Prepared by s o ... Date /s /sy /-,
{ s :
Problem / A ) AN il NI P T AN o Track
Program Input |go Instruction 81 contents of
Cod;as Hocation | o Address|?|  Address Notes
1
i 1 1 IL i i ]
i
S VY MU NN SR %
t ' ! o ol
i 1 " | . I 1 01/13_12 J 1 [ i [ ‘1% /Cw}‘/ /00/0)
! !
—— b A 13!3 2’101010'0101(‘)1() ! [y (ﬂ0‘77)
T ' } B
i 1 A : dnd L 4 |31h { JX:A:/?pg;bL(F ' A/3
N R . 350 | LU}‘)L/.‘/L‘/' ;
PSRN SN SO S L 4316 ; ,Xn:ﬁl 01 Ol..':“l")-»' /(‘&>'v},l/ /00/1/)
I T "
L PR { L i L i 1317 i 1 -Bl 0(’.7’1«‘)| M[Le»)
! I
TR BT i .318 Lt .(/1017’|41/'
| ) 1 .
9,6,0,0,0.0. L .39 /L&,O.[]IWL R0, 0 Corve)
)
T R L BOlKo 00000 0" (0019}
J T
bl 1 | b A n lh,l /JWI"\/IMW,W|VVIIQ‘ /(“’"L-—/é:{;o (0/!334
' L2 ! 1
L i L I ] i L g N 1 1 2 " l i 1 L
1 1 ;
RN A . .’4[3 | WAW. 80,0 ,6,0 (e12§)
1 1
dea b L N Ahjh' [ N 1ULE‘4 { 'J' Ut')//‘( o Vol
T T
PR SRR R S . ,,415 T T M A (000G}
| |
[N T T i .’4.6 /(/.0,0,01 0,0, 00 " -¢tey (o117)
' T
PRSI T I 1 l,-h7 G, 2,000,0 0 0l' K-/56E8 (a125)
. | ,
L A X | i i 3 .hje 71W( "VIWJW|\N/1W, (:L i "/‘/’\77‘?9(/\/’/(‘{ & S"/t')i’“f O'[\ -—7{/!/6 OF s‘:‘[{j
I 1
T R . W9l v.6.00,0,0.0] ey,
! ]
L . A l A L 4 i IS.O"ZIO‘IO‘()IO)C) lO"“ ! /(.}/L,
| T -
1 1 L L. i i i H 15;1 f[l“J.O .0"").() AOL'".) ! /(:Wj,
! 1
Il i 3 F 1 1 L 1512 174 O,OIOIO!O){) ! /(&//
¥
Il 1 A Il I 1 i 1 JSIB LI%IO.OI()nojol(ﬂ" ! /épﬁ/
' T
1 I 1 ] i ue i i lslh [2'10,OJ c'), OL01 O ! /(},:/é’
' T
T I R SR SU - L L ,515 L/IOLO}OJOKOL(" '% /(?7
- H .
n 1l " i N L n i ,516 L 1X.010|0 \Q|‘r"' /(‘:’X//
! !
A bl 1 4 { \ N ‘5‘7 l"/;(:}lO.O,OL‘) 1 /(12’«'7'
! |
SN RS N S S | ,5,8 AR ' ey
' |
I DR T 1 . ! 1 i .5|9 N |/I(\‘l(’:}|(>)|(~-)l I3 ' Y74
! !
s Wr—— . 1610 t ! [(?IC) LC)I(_)\![(, ' /L
T
bt d i N " ‘611 N 1//’1[ﬁ‘](f,)J(,,';:t el t /&%
! 1
TR RN NS T ,612 L Ao o o0 ! v
L) 1 : - -
TRV S VT S I . L6l3 T 1/1-7:‘(:”»,‘() ' /ot
' K carriage Return

Conditional Stop Code

Kev F-re-i7
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Job Ne. Program No. //. ox Prepared by ‘f}%t Date /qf/ﬁ,y(l/;z
Problem y2% 74 Lt Pug P/ i Suzi)o (ﬁ/—r//vs “Track
el e e e
[ I N 'L [T W ! ]
T T 0200l L{ﬁop.&' YIS/
PRI S A 5 I :‘/40,0.0' 1517
SRR B L 021 L ].gf»lz:m:sl(;:) ' X3
R S 2030 {/lofa.@' (&%
PP T L ob Ly B! (B0
N 051 % AL eyl
PR B L 061 4 i 2,00 (&3
P S o By 2 Lieol! (823
PR f PR , 0.8 P % L Sai! liaY
SR L 09 - Lol e
S N - 20l /@3t
S S e 1 S.el )
Lot Il Lot bk 2 TSR TR S [f' /Evg
N T L 13 WAM/J-ULWILQO.O.O' (s63Y)
o4 |7l Loy A .11’4 [T } TR !
T ST 15 7.3‘5’l€{<2(3,0,a V S sessec Hora )
S S Y- B XA | Complewosd Mo,
U X ,XJ“S{éKE,J}z."
Lod % T —— 1 8 — ,C/Jlél/L/l//'
,,5uo,o%cno,4gl 19 /1010,0%&1§ld‘0 i ( vos)
P 0 ,,-l{a( 2, 6.3 (&7
. 22 ,!.‘)1[[..1 , ‘:/' [(/OP) Divide Ay ey P
_ I 2.3 ,Jﬂﬁfi o seale shift H7Af
o % Co el J[/%()l?'*,é:‘(?'i
T B VLS TR _' i
P WU an.QWWLAMJQ1ol/fA2" h{le) (voti)
RS A & J)(.cl[éjjj-ﬁx(’/ %
R C 28 L Rye s
A B S Y
T S e T B 300 .U‘L‘)L’L'ﬂﬂl’; :j%
el 00,0 w3 )
X

¥ Conditional Stop Code

Carriage Return




Page 3 of 3

(Data Input No. 2 Subroutine continued)

Output:

Binary integer at q = 30 in accumulator,

Accuracy:
Conversion 1s exact.
PROGRAM STOP:
Loc. Meaning
| ( Ly + 0117510 D:gid; ;geCK in scaling data word.
STORAGE : |

89 locations of instructions and constants.
No temporary storage.

NOTE:

Leading zeros of a positive numbey need not be punched. To enter
all zeros merely punch a stop code, 4§11 digits of a negative number.
must be punched.

3/28/51
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Job Noe______Prog. No,/J-/ _Prep, by —22& Ck'd, by Date __J-29 -&7
Problem S EXADEC /M AL —pwvc// o= FRinT 2 Track
' 0
Progg:t;egn pus gm‘“"“ O;I)I.lnm:égﬁess § Cozged;l::sﬁ Notes
' 1
' 1
,.Lo:o:o:a‘.o. 01.3 'lo3.00|#o o.ozaaa.o : (@ (evyy) (o|>47)
RS '
- ‘ .92 igJ”(“(VV{hfw%‘VﬂQ YW@, -1@30 (Q:vsﬁé)(bbSVJ
f . . .03 . ﬂ;ogfyf' /s
el Gosyel
. osl . )
e 06| . Aorsel'| r@/
R B N V0243 r
L 08 L
]L ) .09 U oo ool (0¥37)
. 10 Vo234 | (oory) .
9 0 O o:cchca/ 71012 , ; N /éﬂgo/bwsaa
A 12 R
. A L3, T
e T IR
RN Y- R
L { bk ) .1 7 . R — |
‘ 18 ]
Lo 1 - L 19 . '% .
. c2al
ey 22 N |
L : L 1 L 23 . %“1 !
e c2h) —— ! |
I 28] ‘
- f . 26 . b ! ;]
. : 2.7 - ' ‘
: 28 }‘ :
e 29 % '
. 30 1 '
e 3l '
' K

Conditional Stop Code

Royal MSBee Corporation

Carriage Return

Jan. 57
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