/
‘J103BE
J104BE
J1058BE
J106BHE
J112A

J116BsE

J120B»E
J122A
J123A
J1248
J126BHE
J127BsE
J129B,E
J1308E
J131BsE
J1328,E
J133BE
-J135A
J136A

J1378,E

J138BE
J140A
J142E
J148E
J1498,E
“J1518sE
J153A
J154BE
J156B,E
J159E
J160E
J161E
J162E
J163E
J164E
J165E
J166F
J167E

J178E
J180A
J181E
J182E
J185E

J186E
J188B»E
J1898,E
J190E
NJ201RE

JOHNNIAC LIBRARY LISTING SEPT. 1959

PUNCH STYLE B» ABSOLUTE -- 11 PER CARD

BLOCK TRANSFER ROUTINE

PUNCH STYLE Dy ABSOLUTE -—=. 22 PER CARD

SQUARE ROOT

LOAD STYLE D CARDS

LOG-BASE TwO - :

BLOCK TRANSFER TO AND FROM DRUM

LOAD STYLE B CARDS ~- LOW

LOAD STYLE B CARDS = HIGH

EIGENVALUES AND EIGENVECTORS OF A REAL STMMETRIC MATRIX
SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS
ARCTANGENT X

CARD IMAGE TO CHARACTERS

DECIMAL INPUT VARIABLE FORMAT

DECIMAL INPUT FIXED FORMAT ONE/CARD

PRESET OR RESET ROUTINE

PSEUDO B-BOX

LOADER FOR STYLE F ABSOLUTE BINARY CARDS

.
3

. LOADER FOR STYLE E . -

MANIPULATION OF ARRAYS

MULTIPLICATION QOF ARRAYS

CLEAR‘H.S.S. TO ZERO

PUNCH STYLE F BINARY CARDS

PUNCH STYLE F WITH [eDe

BLOCK TRANSFER TO AND FROM DRUM WITH TALLY
SIN Ys» COS Y» SIN 2Ys COS 2Y

CLEAR HeSeSe TO PRESCRIBED WORD

SIN PI Yy COS PI Y

“ INTEGRAL ROOT X1/P

INVERSE INTERPOLATIONs A REAL ROOT OF F(X)=0

CARD TO MOUSE MATRIX

CARD 7O MOUSE MATRIX WITH INTERMEDIATE COMPUTATION
MOUSE MATRIX TO HeSeSe:

HeSeSe TO MOUSE MATRIX

MOUSE MATRIX TO PUNCH

MOUSE MATRIX TO PUNCH WITH INTERMEDIATE COMPUTATION
MOUSE MATRIX TO PUNCH AND ECHO CHECK _

MOUSE MATRIX TO PUNCH AND ECHO CHECK WITH INTERMEDIATE
COMPUTATION

LEAST SQUARES POLYNOMIAL APPROXIMATION -- FLe POINT
LOADER FOR STYLE F CARDS WITH BLOCK CHECK SUMS ‘
PUNCH STYLE F CARDS WITH BLOCK CHECK SUMS

PUNCH STYLE F CARDS WITH BLOCK CHECK SUMS AND IeDs
INTEGRATION OF N SIMULTANEOUS SECOND ORDER DIFFERENTIAL
EQUATIONS WITH INITIAL CONDITIONS SPECIFIED

FIXED POINT SQUARE ROOT WITH DOUBLF PRECISION ARGUMENT
K TO THE X '
INTERPRET T-SWITCHES

LOG - BASE E OR 10

PUNCH DECIMAL CARDS:



J202A
J203E
S207A
/)ZOBA
J209€E
J213A
J214E
J215E
J216A
J217A
J218A
J219A
J223E
J224A
J225E
J226E
J227E
J228A
J230A
'J232A
J233E
J234A
J235E
J238E
J241E
~1242E
243€
_/244E
J246E
J247E
J248E
J249E
"J250F
J253E
J254E
J2558E
J256BsE
J257BsE
J258B»E
J259R .k
J260B,E
J261BE
J262B,E
J263B,E
J264A

J265B,E
J2668ByE
J267A
J268E
J269E
—\270E
)715

DUMP MEMORY TO DRUM

INPUT ADDRESSABLE FLOATING~POINT DATA

AUTOMATIC POLYNOMIAL FUNCTION EVALUATION = FLe PTe
AUTOMATIC COMPUTATION OF THE SOLUTION OF A MATRIX EQUATION
AX=By WHERE A IS N X N AND NON-SINGULAR =~ FLOATING POINT
PUNCH STYLE E

CHANGE ADDRESS FIELDS

NATURAL LOGARITHM. .

10 PTe GAUSSIAN INTEGRATION —-- FLOATING POINT

JOHNNTAC MuUsSIC

STYLE D LOWER LOADER

STYLE D UPPER LOADER

STYLE D CHECK SUM CORRECTOR

PRINT DECIMAL NUMBERS - UNIFORM FORMAT AND SCALING
SYMBOLIC~RELATIVE ASSEMBLY WITH DRUM

.MOUSE MATRIX TO PRINTER ALPHANUMERIC

PRINT DECIMAL NUMBERS» DECIMAL FORMAT AND SCALING
MESSAGE PRINTER

OCTAL MEMORY DUMP - & PER LINE

OCTAL MEMORY DUMP W/0O DRUM

INSERT -BLOCK CHECK SUMS INTO STYLE F DECK -

DECIMAL PRINT ROUTINE

OCTAL MEMORY DUMP

PRINT POSITIVE DECIMAL INTEGERS

PRINT DECIMAL - ONE PER LINE

ADDRESSABLE INPUT = FLOATING PT .
INPUT DATA CARDS =~ FLOATING PT |
PUNCH DATA CARDS - FLOATING PT

PRINT AND TRACE = FLOATING PT

SINE-COSINE - FLOATING'PT

ARC TANGENT - FLOATING PT

EXPONENTIAL - FLOATING PT

LOGARITHM  ~ FLOATING PT

INDEXING - FLOATING PT SYSTEM

FIXED POINT SQUARE ROOT 1

P-TH ROOTs P IN THE RANGE FROM 1 TO 39

CAT READ ROUTINE

CAT READ COMPILER

CAT BCD FROM IMAGE

CAT OUTPUT ROUTINE

CAT ALPHANUMERIC PRINT

CAT DECIMAL PRINT

CAT PUNCH

CAT MOVE IMAGE

CAT SELECTIVELY CLEAR IMAGE

AUTOMATIC LEAST SQUARES POLYNOMIAL APPROXIMATION —-- FLOATING
POINT

ADDRESSABLE DECIMAL INPUT

120 COLUMN VARIABLE FORMAT DECIMAL PRINT

STYLE E LOADER

ZEROS OF A POLYNOMIAL WITH COMPLEX COEFFICIENTS = FLOATING PT
COMPLEX MULTIPLY - FLOATING PT

COMPLEX DIVIDE - FLOATING PT

SCALAR PRODUCT OF TWO VECTORS = FLOATING PT



J272E
J273E
Y274€
275€
J276F
J27T7E

J278E
J279F

J280E
J281E
J282F
J283E
J284E
J285E
J2B6E
J287E
J288F
J289E
J290E
J291E
J292E
J293F
J294E
-J295E

296E
U297F
J298E

J299F
J300E
J301E
J302E
J303E
J304E
J307A
J308A
J310k

J311E
J312F

t

SUM OF THE COMPONENTS OF A VECTOR - FLOATING PT

LINEAR COMBINATION OF TWO VECTORS - FLOATING PT

POLYNOMIAL FUNCTION EVALUATION - FLOATING PT

ITERATED SYNTHETIC DIVISION - FLOATING PT

MAXIMUM ELEMENT OF A VECTOR - FLOATING PT .
SOLUTION OF A MATRIX EQUATION AX=B WHERE A IS5 N¥N AND NON-
SINGULAR = FLOATING PT ,

EVALUATION OF A ROOT OF A POLYNOMIAL WITH COMPLEX COEF-
FICIENTS - FLOATING PT

AUTOMATIC COMPUTATION OF THE ZEROS OF A POLYNOMIAL WITH COM-
PLEX COEFFICIENTS -~ FLOATING PT

CAT PUNCH WITH ECHO CHECKING

ORDINARY LEAST SQUARES - FLOATING PT

ORDINARY LEAST SQUARES - FLOATING PT

BACK AND FORTH BLOCK TRANSFER

LEGENDRE POLYNOMIAL EVALUATION - FLOATING PT

LEGENDRE POLYNOMIAL APPROXIMATION -~ FLOATING PT

LEGENDRE POLYNOMIAL COEFFICIENTS - FLOATING PT

(TRIANGULAR MATRIX)#VECTOR - FLOATING PT

LEGENDRE POLYNOMIAL APPRCXIMATION - FLOATING PT

ORTHOGONAL POLYNOMIAL LEAST SQUARES - FLOATING PT
ORTHOGONAL POLYNOMIAL COEFFICIENTS = FLOATING PT
ORTHOGONAL POLYNOMIAL EVALUATION - FLOATING PT

TRIANGULAR MATRIX * VECTOR ~ FLOATING PT

ORTHOGONAL POLYNOMIAL LEAST SQUARES - FLOATING PT
ORTHOGONAL POLYNOMIAL LEAST SQUARES, EQUALLY SPACED POINTS
ORTHOGONAL POLYNOMIAL COEFFICIENTSs, EQUALLY SPACED POINTS
ORTHOGONAL POLYNOMIAL EVALUATIONs EQUALLY SPACED POINTS
ORTHOGONAL POLYNOMIAL LEAST SQUARESs FQUALLY SPACED POINTS
INTEGRATION BY SIMPSONS RULE WITH PRESCRIBED ERROR = FLOAT-
ING PT

JOHNNIAC FLOATING POINT INTERPRETIVE SYSTEM

JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM

SQUARE ROOT - FLOATING PT

COMPLETE ELLIPTIC INTEGRAL OF THE FIRST KIND - FLOATING PT
COMPLETE ELLIPTIC INTEGRAL OF THE SECOND KIND -~ FLOATING PT
COMPLETE ELLIPTIC INTEGRAL OF THE THIRD KIND = FLOATING PT

‘CLEAR THE DRUM

OCTAL DRUM DUMP

SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS -
FLOATING PT

ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS
ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS



J216A
J224A

J122A
J123A
J135A
J136A
J180A
JZ217A
J218A
J267A

J112A
J129BHE
J130B)»E
J131B»sE
}160E
J161E
J162E
J203E
J241E
J242F
J255BE
J256BHE
J2578E
J262BHE
J263B»E
J265BHE

J223E
J225E
J226E
J227E
J233E
J235€
J238E
J244E
J2588+E
J259ByE
~260BHE

266BHE
S/

JOHNNTIAC LIBRARY LISTING SEPT. 1959

ASSEMBLY

JOHNNTAC MUSIC
SYMBOLIC-RELATIVE ASSEMRLY WITH DRUM

LOADING

LOAD STYLE B CARDS - LOW

LOAD STYLE B CARDS - HIGH

LOADER FOR STYLE F ABSOLUTE BINARY CARDS
LOADER FOR STYLE E

LOADER FOR STYLE F CARDS WITH BLOCK CHECK SUMS
STYLE D LOWER LOADER

STYLE D UPPER LOADER

STYLE E LOADER

INPUT

LOAD STYLE D CARDS

CARD. IMAGE TO CHARACTERS

DECIMAL INPUT VARIABLE FORMAT

DECIMAL INPUT FIXED FORMAT ONE/CARD
CARD TO MOUSE MATRIX

CARD TO MOUSE MATRIX WITH INTERMEDIATE COMPUTATION
MOUSE MATRIX TO HeSeSe

INPUT ADDRESSABLE FLOATING-POINT DATA
ADDRESSABLE INPUT - FLOATING PT

INPUT DATA CARDS -~ FLOATING PT

CAT READ ROUTINE

CAT READ COMPILER

CAT BCD FROM IMAGE

CAT MOVE IMAGE

CAT SELECTIVELY CLEAR IMAGE
ADDRESSABLE DECIMAL INPUT

PRINT

PRINT DECIMAL NUMBERS - UNIFORM FCRMAT AND SCALING
MOUSE MATRIX TO PRINTER ALPHANUMERIC

PRINT DECIMAL NUMBERSs DECIMAL FORMAT AND SCALING
MESSAGE PRINTER

DECIMAL PRINT ROUTINE

PRINT POSITIVE DECIMAL INTEGERS

PRINT DECIMAL - ONE PER LINE

PRINT AND TRACE - FLOATING PT

CAT OQUTPUT ROUTINE

CAT ALPHANUMERIC PRINT

CAT DECIMAL PRINT

120 COLUMN VARIABLE FORMAT DECXNAL PRINT



-~

N\,

b103B4€
31058 +E
J142E
J148E
J163€E
J164E
J165€
J166E
J167E

J181E
J182E
J2018B»E
J209E
J243E
J261ByE
J280E

J228A
J230A
J234A
~J308A

/l

J104BE
J120B»sE
J1328B»E

J133B,E

J1378B,E
J138B,»E
J140A
J149B,E
J153A

J189B»E -

J202A
J213A
J219A
'J232A
J307A

J250€E
J299F
J300E -

PUNCH

PUNCH STYLE By ABSOLUTE -- 11 PER CARD
PUNCH STYLE Ds ABSOLUTE -- 22 PER CARD
PUNCH STYLE F BINARY CARDS

PUNCH STYLE F WITH IDs

HeSeSe TO MOUSE MATRIX

MOUSE MATRIX TO PUNCH

MOUSE MATRIX TO PUNCH WITH INTERMEDIATE COMPUTATION
" MOUSE MATRIX TO PUNCH AND ECHO CHECK
MOUSE MATRIX TO PUNCH AND ECHO CHECK WITH INTERMEDIATE

COMPUTATION
PUNCH STYLE F CARDS WITH BLOCK CHECK SUMS

PUNCH STYLE F CARDS WITH BLOCK CHECK SUMS AND 14D.

PUNCH DECIMAL CARDS

PUNCH STYLE E

PUNCH DATA CARDS - FLOATING PT
CAT PUNCH

CAT PUNCH WITH ECHO CHECKING

DEBUGGING
{
OCTAL MEMORY DUMP - 4 PER LINE

OCTAL MEMORY DUMP W/C DRUM
OCTAL MEMORY DUMP

~ OCTAL DRUM DUMP

RED TAPE

BLOCK TRANSFER ROUTINE
BLOCK TRANSFER TO AND FROM DRUM

- PRESET OR -RESET ROQUTINE

PSEUDO B-BOX

MANTPULATION OF ARRAYS

MULTIPLICATION OF ARRAYS

CLEAR HeSeSe TO Z2ERO

BLOCK TRANSFER TO AND FROM DRUM WITH TALLY
CLEAR HeSeSe TO PRESCRIBED WORD

INTERPRET T-SWITCHES

DUMP MEMORY TO DRUM

CHANGE ADDRESS FIELDS

STYLE D CHECK SUM CORRECTOR

INSERT BLOCK CHECK SUMS INTO STYLE F DECK
CLEAR THE DRUM

INTERPRETIVE

INDEXING - FLOATING PT SYSTEM
JOHNNTAC FLOATING-POINT INTERPRETIVE SYSTEM
JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM



~J106BsE
11168 sE
J127B»E
J151BE
J16848F
J156B,E
J186F
J188B,E
J190E -
J207TA
J214F
J246E
J247E
J248E
J249E
J253€
J254E
J269E
J270F
J274E
J275E
J284E
J286E
J290E
J291E
M295E
}2965
J301F
J302E
J303E
J304E

J1248
J208A

J2T1E
J272E
J273E
J2T6E
J2T7E

J283E
J28TE
J292E

J178E
J264A

FUNCTIONS

SQUARE ROOT

LOG-BASE TwO

ARCTANGENT X

SIN Ys COS Ys SIN 2Yy COS 2Y
SIN PI Yy COS PI Y

" INTEGRAL ROOT Xx1/P

FIXED POINT SQUARE ROOT WITH DOUBLE PRECISION ARGUMENT

K TO THE X

LOG =~ BASF E OR 10

AUTOMATIC POLYNOMIAL FUNCTION EVALUATION - FlLe PTe

NATURAL LOGARITHM

SINE-COSINE - FLOATING PT

ARC TANGENT - FLOATING PT

EXPONENTIAL ~ FLOATING PT

LOGARITHM  ~ FLOATING PT

FIXED POINT SQUARE ROOT 1

P-TH ROOTs P IN THE RANGE FROM 1 TO 39

COMPLEX MULTIPLY -~ FLOATING PT

COMPLEX DIVIDE - FLOATING PT

POLYNOMIAL FUNCTION EVALUATION - FLOATING PT

ITERATED SYNTHETIC DIVISION - FLOATING PT

LEGENDRE POLYNOMIAL EVALUATION - FLOATING PT

LEGENDRE POLYNOMIAL COEFFICIENTS - FLOATING PT

ORTHOGONAL POLYNOMIAL COEFFICIENTS ~ FLOATING PT
ORTHOGONAL POLYNOMIAL EVALUATION ~ FLOATING PT

ORTHOGONAL POLYNOMIAL COEFFICIENTS, EQUALLY SPACED POINTS
ORTHOGONAL POLYNOMIAL EVALUATION, EQUALLY SPACED POINTS
SOQUARE ROOT =~ FLOATING PT

COMPLETE ELLIPTIC INTEGRAL OF THE FIRST KIND - FLOATING PT
COMPLETE ELLIPTIC INTEGRAL OF THE SECOND KIND - FLOATING PT
COMPLETE ELLIPTIC INTEGRAL OF THE THIRD KIND - FLOATING PT

MATRICES AND LINEAR EQUATIONS

EIGENVALUES AND EIGENVECTORS OF A REAL STMMETRIC MATRIX
AUTOMATIC COMPUTATION OF THE SOLUTION OF A MATRIX EQUATION
AX=Bs WHERE A IS N X N AND NON~SINGULAR -- FLOATING POINT
SCALAR PRODUCT OF TWO VECTORS = FLOATING PT

SUM OF THE COMPONENTS OF A VECTOR =~ FLOATING PT

LINEAR COMBINATION OF TWO VECTORS - FLOATING PT

MAXIMUM ELEMENT OF A VECTOR - FLOATING PT

SOLUTION OF A MATRIX EQUATION AX=B WHERE A IS N*N AND NON-
SINGULAR = FLOATING PT

BACK AND FORTH BLOCK TRANSFER .

(TRIANGULAR MATRIX)*VECTOR = FLOATING PT

TRTIANGULAR MATRIX # VECTOR = FLOATING PT

APPROXIMATIONS
LEAST SQUARES POLYNOMIAL APPROXIMATION == FLe POINT
AUTOMATIC LEAST SQUARES POLYNOMIAL APPROXIMATION —- FLOATING

POINT



J2B1E
J282F
J285E
)288F
J289E
J293F
J294E
J297F
J311E
J312F

J159€E
J268E
J278E

J279F

J126B»E
J18SE

J215€ -
J298E

)310E

ORDINARY LEAST SQUARES = FLOATING: PT

ORDINARY LEAST SQUARES ~ FLOATING PT

LEGENDRE POLYNOMIAL APPROXIMATION - FLOATING PT
LEGENDRE POLYNOMIAL APPROXIMATION - FLOATING PT
ORTHOGONAL POLYNOMIAL LEAST SQUARES - FLOATING PT

"ORTHOGONAL POLYNOMIAL LEAST SQUARES =~ FLOATING PT

ORTHOGONAL POLYNOMIAL LEAST SQUARES, EQUALLY, SPACED POINTS
ORTHOGONAL POLYNOMIAL LEAST SQUARESs EQUALLY SPACED POINTS
ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS
ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS

NON~-LINEAR EQUATIONS

INVERSE INTERPOLATION» A REAL RCOT OF F(X)=0 ‘

ZEROS OF A POLYNOMIAL WITH COMPLEX COEFFICIENTS = FLOATING PT:
EVALUATION OF A ROOT OF A POLYNCMIAL WITH COMPLEX COEF-
FICIENTS - FLOATING PT

AUTOMATIC COMPUTATION OF THE ZEROS OF A POLYNOMIAL WITH COM-

PLEX COEFFICIENTS -~ FLOATING PT

INTEGRATION AND DIFFERENTIAL EGQUATIONS

SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS
INTEGRATION OF N SIMULTANEOUS SECOND ORDER DIFFERENTIAL
EQUATIONS WITH INITIAL CONDITIONS SPECIFIED

10 PTe GAUSSIAN INTEGRATION ~-- FLOATING POINT '
INTEGRATION BY SIMPSONS. RULE WITH PRESCRIBED ERROR - FLOAT~.
ING PT

SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS -
FLOATING PT
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INTRODUCTION

This program is designed to handle both symbolic and
regional addresses. The‘program includes provisions forlinput
of declmal data with specified scaling, obviates the nécessity
of incorporating library subroutine decks at assembly time, and
provides a.listing of the deck being assembled, the binary'deck
produced and some of the errors, of a common type, which aph
peared in the deck. The output 1s elther a relative or an ab--
solute binary deck, of the first location, check sum type,
eleven full words on_a card. o o 5aijJ5 _

During assembly time, instructions are glven the assembler

f

by means of a four—letter,mnpmonicAcode punched in columns 16-19

of a card.

DEFINITIONS OF TERMS

In discussion of this program, certainAﬁerms‘are ﬁsed
frequently. These terms and their meanings as applied to this
program are: a |

(1) SYMBOLIC CODING: Location designations are necess-
ary onl& when referred to by an address. Output values of
locations are assigned by designating an output address to
‘the first card of a sequence of cards. Each éard‘following
will have as final location a value one larger than the pre- -
ceding card. Addresses are assigned putput values by using
the output value of the location with the same symbol.

(2) REGIONAL (RELATIVE) CODING: Every location and

address 18 assigned a region and sequence number. A base for



every region must be assigned. The output value of addresses

and locations is computed by adding the sequence number to the

base of the region for the address or location.
(3) SYMBOL: A symbol in this program consists of a two
digit number and an alphabetic part, congisting of a letter

or its equivalent number.* The numbers range from 00-99, and

letters from A through 2 (1~26);’ Examples are 130, 992;'°°A’»d L

1303, 9926, 0001.* A blank location field is considered a
symbol. | . |

(4) REGIONAL (RELATIVE) ADDRESS (LOCATION) In the inpnt
deck a regional address consista of a letter or number* for a
base, and a three-digit sequence rield. Bases are from A-Z_
(01—26), with base zero reserved ror shift orders, etc. Se-
}quences range from 000~999 |

(5) COUNTER: This is a cell reserved in memory for
assignment of output values for symbolic locations. This 13
set before a sequence of cards by a control card and 1ncreases
by one for every symbolic location entering the reader, assign-
ing its current velue to the bresent location.

(6) ALPHABETIC CHARACTERS: In this program, every
location and address consists of one alphabetic character and
two or three numeric. The alphabetic character is either a
number or a letter. A number can be used 1n'place of a letter,

the number being considered the same as the letter with this

* See Definition of Alphabetic characters (6) p. 2



p.3

sequence in the alphabet. For example, A = QOl, Z = 26, The
program does not differentiate between A and 0l, B and 02, etc.
This definition of alphabetic characters applies'on{y to loca-

tions and addresses.

(7) INPUT CARDS: Cards which are keypunched and are
being aésembled.

(8) OUTPUT CARDS: Binary cards to be punched by'assembly..
Both abéolute and relative binary cards are considered, although
the card form for both is the same, absolute bedng distinguished
from relative only b@ having blanks in the binafy region fieldé; g

Assembly instructions and their definitions, to be‘éx— 
plained in full later, are: |
1) © Instructions pertaining‘to symbolic coding:
a) SGEN: Symbol generation
b) SAME: Reset counter to same value it had at
| this symbol.
c) SETC: Set counter. |
d) SKIP: Skip counter.
2) Instructions pertaining to relative coding.
a) CTOR: Counter value assigned to origin.
b) RDOR: Read origin from card. |
3) Instructions per@aining to symbolic and relative
- coding.
a) DDAT: Decimal data.
b) ODAT: Octal data.



¢) LIBR: Library subroutine origin assignment
d) LAST: End of deck to be aséembled.

4) Iﬁstructions pertaining to deck for loading.
a) TRFR: Pﬁnch transfer card.
b) LDOR' Punch origin cards.

s e e = s e .

GENERAL CHARACTERISTICS OF INPUT CARDS

Address and location fields are five characters in length,

In symbolic coding, the third and fourth posibions are the3
alphabetic character position (1.e., if a one—digit number 1is
used, the fourth position contains this number, a.two-digit
_number uses the’third and fourth positions, a letter uses the
third position only. There 18 never a punch in the fifth
position of the address or location field in symbolic coding.
There are 2600 symbols, with 00-99 the range in positions 1
and 2, and 01-26 or (A-Z) in the third and fourth positions.

In regional coding, the first and second positions are
the alphabetic character position. If numbers are used, the
first and second positions are used. Letters use the second
position only. Sequence numbers are in the third, fourth and
fifth positions of the field. A regional address always has
a punchfin the fifth position. There are again 26 alphabetic
characters, and the sequencé ranges from 000-999.

Aside from the fifth position, zero punches or blanks

are treated in the same manner.



Blanks in location positions are treated as symbols.
The counter 15 increased by one and the full word with this
location 1s assigned this counter value as an oufput loca-
tion. R

When an integer such as a shift ordef is used in an

address field, the units position must be punthed. No field

of this kind c&n have over 999 as 1its value.

Examples of address and location fields.

l1 2 _ 3 4 5
Equivalent O[O || A
Symbols 0|0 ]| 0|1
1
o} A
Equivalent 919 Z
Symbols 4 9(9 || 2|6
‘ AjJOojO]|O
Equivalent o1l 0i01{0
Regional A o
Addresses 1l 0
Equivalent 2191919
Regional 216 191919
Addresses ,

)



Operations can be alphabetic or octal numeric. Zefos or
blanks can be used interchangeably. Letters cannot be used as |
direct replacements fér numbers. For instance, A-- means ADD
or 024, not 100. ) | o

Assembly instructions are always letters. However,vto .
prevent errors due to keypunching, when the letter "0O" 1s in
an instruction, it is permissible to use either the letter "O"

punch or a zero punch.

ASSIGNMENT OF OUTPUT ADDRESSES AND LOCATIONS DURING ASSEMBLY

This 1s a two pass assembly program both for symbolic and
relatige coding. On the firstfbass, the program reads and
converts cards, and decides whether locations and addresses
are symbolic or relative.

1) When symbolic loéations are used, the counter must
be set preceding the entrance of ény symbolic locations into
the reader. After the counter is set, it will continue to
increase by one for every symbolic location, unless it is
reset. The counter does not increase by one when a relative
location appears. After a location symbol is assigned an out-
put location, this output location is put in a table contain-
ing the output value of all symbols. The full word associated
with this symbol is then‘stored on the drum. When all cards
have been read, the:words on the drum are recalled, and
symbolic addresses are assigned the output value which is
found in the table for that symbol.

An arbitrary sequencing of'symbols is allowed. For ex-



ample, 99Z can follow 02B, etc. Instructions used to control
the.counter are as listed on page 3 No. 1, and are used as' .
followé: | |

a) SGEN: If it is desired to designate groups of words
with symbolic locations, i.e. data, erasable, the SGEN in-
struction may be used to avoid punching a card with every
symbol on it for assighing each symbol an output value.

The card form for this instruction is as follows:

Cols. 16-19 20-24 - 25-27 28-32 36-40
SGEN 1st Symb. AS - N AC

l1st SYMB. 1s first symbol desired to be generated.
AS 1s change in each symbol desired.
N 1s number of symbols to be generated.
AC 1s the change in the counter for each symbol.
Example: To generate a group of erasable cells 1.0000 -
1.0009 in output, using symbols 13A - 13J in input, the fol-
lowing procedure is used:
Set the counter to 1.0000 (A.0000). Then read in the

following card:

Cols. 16-19 20-24 25-27 28-32 36-40
SGEN 13A 001 0010 00001
(1301) :

Note that the chapge in the symbol is added to the letter
position and not the numeric portion. In the example above,
13A would receive the counter value 1.0000, 13B = 1.0001,

137 = 1.0009. If the number of symbols is 1argg enough to
pass the letter value Z or 26, the next symbol generated will

contaln an increase in the numeric part of the symbol by the



increment 1, and the letter portion will be A (Ol). For ex-
ample, 1f N had equalled 27 in the example above, the 27th
symbol generated would be 14A, which would be assigned‘the.
value 1.0026 by the counters. The counter is left at the
last position generated plus one after the symbols are gen-
erated. Following this order, an address can refer to any
of the generated symbols and be assigned an output value.

.b) SAME: 1If a program is such that different blocks
of words will use the same portion of memory at various =
times, the SAME instruction i1s used to reset the counter to
the same value it was when the previous block was assigned
output values.

The card form is as follows:

Cols. 16-19 20-24
SAME Symbol
Examples: SAME 15B

This Symbol is the same as the one used previously. The
counter is reset to thevvalue it had at this symbol, and the
next card will be assigned this couriter value as a 1ocatioh.

o) SET C: This instruction gets counter for regional |
output (Relative binary) or absolute output'fabsolute binary).
There are 26 regions possible; (A-2) (1-26), .and/or é sequence
of 0000- (4095), - |

The card form is as follows:

Cols. 16-19 20-21 29-32
SETC Region Sequence
Example: SETC ‘ A 3139

01 3139



d) SKIP: This instruction permits an increase’in value
of the c;unter a specified number of places.. The skip can be .
in a reglon or sequence.

Card form 1s as follows:

Cols. 1 - 47 1-5"

N = numbers of places to be skipped, either in
region or sequence. Greatest skip allowed in

sequence is 999G.

Example:
1) Cols. 16-19 20-2%
SKIP 01.000
Counter will change to next region.
2) Cols. 16-19 20-24
sKipe 00.190

Counter will increase by 190 in the sequence.

2) When regional coding is used, the bases may be
assignéd at any time duriqg the first pass. The regional ad-
dresses and locations are stored on the drum until the second
pass, then the bases are added to the sequences. Regional
input bases may be assigned the same or different regional
output bases (relative binary), or absdlute bases (absolute
binary). | |

Iﬁstructions used to assign bases for origins are:

a) CTOR: .This instruction assigns a particular region ‘ _
a base equal to the counter value at this time. As an[;pt;gggy S
1t also allows the skipping of the counter N places or n e
regions after assigning the base, N having the range 000-999a 

Card form is as follows:



Cols. 16-20  20-21  28-29  30-32
CTOR ~  REG. n N

: e+ Cotms ar A
n = Change in counter region <4=—"""" “r

N = Change in counter sequence. »u?yaiZSZf?

Example: Assume counter at 4.1234
Cols. 16-19  20-21  28-29  30-32
CTOR F ol 105
(06) “
After reading this card, input region F (06) will be
assigned the output base and sequence 4.1234, and the counter |
wlll move to 5.1339.
b) RDOR: This is a base card which assigns a particular

Eregion an output base (relative or absolute)

e enam e etemm e e ana e oa

Card form is:

Cols. 16-19 20-21 26-27 29-32

, RDOR INPUT OUTPUT OUTPUT

REGION REGION SEQUENCE
| Output sequence has the range 0000-4095.
Example: Cols.16-19 20-21 26-27 29-32
RDOR 01 D - 3123
A . O .
For this case, any input address or location with
region A (01) will be assigned the base 4.3123 for

the binary cards.

CARD FORM FOR FULL WORD ORDERS

For both regional and symbolic coding, ordinary JOHNNIAC
full words (consisting of location, left and right operation,
left and right address), will be designated by & blank
assembly 1nstruction. Operations can be octal.numeric or.t

alphabetic (see 1list of JOHNNIAC operations), both casesusing
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three character fields. In the numeric operations, zero
punches or blanks are treated similarly. 1In alphabetic
operations, zero punches and the letter "O" punches are
treated similarly. '

Card form for full words is:

Cols. 16-19 20-2%  25-27 28-32 33-35 36-40
LoC. L.OP. L.ADD. R. OP. R.ADD.

Examples: (Blanks represented by -.)

Cols. 16-19 20-24 25-27 28-32 33-35 36-40
13.A-- 020 17C =~ S=- -B.000
----- SHL 0l1.01- 120 -=-=-=0
02.26- RA- 02.Z2-~ TRL 99.B~~
-B.000 —-—— ~—-=] TRL -~=~-0

CARD FORMS FOR DATA TO BE ASSEMBLED

This assembler recognizes two types of data, decima; and
octal. A card with decimal data has DDAT punched in the
assembly instruction field} The data is entered in the follow-
ing manner. The location of the word is in columns 20-24, the
s8lgn of the data in column 25. The full word, from columns 26
to 36 contains the data. Columns 37 and 38 céntain the number
of places from the sign position to the decimal point of the
word, designated as p. Columns 39 and 40 contain the number
of places from the 20
binal point of the full word. Columns 39 and 40 are designated;
as q. '

Card form is as follows:

Cols. 16-19 20-24 25 26-36 37~38f - 39-40
DDAT LOC.  + DATA p T q

?
position, émcluding 2°, of memory to the i}”yb

.
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Example: 16-19 20-24 25 26-36 37-38 3%;40 )

DDAT 13Z-- + 1374206989 03
DDAT 02.100 - 11500000000 06 20

Octal data can be entered through the use of an ODAT in
the assembly instruction field. The_datd consists of a 14
digit word with a O or 1 in the first position ahd any octal
number in each of the next 13. The program will put the
~ binary imagecof this word in the designated location.
Card form is:

Cols. 16-19 20-24 25-38
ODAT LOC.  FULL WORD

Examples:
Cols. 16-19 20-24 25-38

ODAT -J.400  17770000111000
ODAT 15.02-- 01110101777130

INCORPORATION OF LIBRARY SUBROUTiNES

JOHNNIAC library routines will be in relative binary and

will consist of reglon 3 as the instruction part, and other
regions, usually 1 and 2 as erasable and constants. The only
reference to a library subroutine in the main program is in

the calling sequence and this reference will be to cell 3.000.

This assembly takes advantage of the above facts by having

the programmer refer in his program to a symbol representing

cell 3.000 for each library routine;”vThe program then punches

a card which contains the library program's identification and

the current counter value which acts as the base for region 3

in the library program, and other information if requested.
During loading time, this card is,placéd in front’dfvits re-

spective library routine, and properfbgses are assignéd the

-

7

\
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different library programs.

This library feature also allows the sharing of regions
1 and 2, or other regions, among the library programs, and
with the main program if desired. This is done by allowing
different bases for regions 1 and 2 to be assigned with each
new library routine or not allowing different bases. If no
origins are assigned for regions 1 and 2 for all library
routines, all routines wlll share regions 1 and 2 with the
malin program

If it 1s desired to load all library routines in a block
of memory, this library incorporation permits skipping the
counter the necessary number of cells for each program. This
1s done by punching the number of words allotted to region 3
in a particularthrogram.

The card form for‘iibrary incorporation is as follows:

Cols. 16-19  20-24  25-29  33-35  37-ho
LIBR. SYMBOL REG.NOS. N RAND I,D.

SYMBOL = symbol used as reference to program in
calling sequence.

REG. NOS. = the regions of the library program A
for. which new bases are desired. 1, 2,
4, 5, 6 and 7 are possible, one per
column

N = number of words in region 3.

RAND I.D. = the numeric part of the RAND Library
Identification.

An example of this type of library 1ncorporation is:
Given two library routines with RAND 1dent1f1cation
RJO020 and RJO027 RJOOEO has 48 words 1n region 3, % words

in region 2, and 35 words in region 1; RJO0O27 has 35 words o



in region 3, 4 words in region 2, and 40 words in region 1.
The current counter number is 6.123%. There is no input
region 1 and 2 in the main program.
One method of incorporating these two programs is the
following:
1) In the main progrém have the following calling se-
qQuences:
a, RA - a; TRL 13S8--
ap RA - a, TRL 252--
2) Have following LIBR cards punched:

: 37
Cols. 16-19 20-24 25-29 33-85 S7-40
a) LIBR 138--  eeea- ok 4020

b) LIBR 25Z==  cmme- 035 pgoa27

3) Given this information, the assembly program will
punch two binary cards. _In the firsﬁ é—columns of one will
appear %S%é%g. An (077)8 will appear in the left operation -
position of the right-hand side of the 9's row on both cards.
The number "3" and the base 6.1234 will appear in the left
half of the 8's row of RJ0020. The other card will contain
-ééggé;:as an identification and the number "3" with 6.1282 |
1dtthe left half of the 8'a.row. _ |

4) At load time these cards should be placed at the
front 6f their respective library routines. A relative
binafy origin card should contain origins for regions 1 and
2, even though there ate no regions 1 and 2 in the main pro-
gram. Also an origin card for region 6 must be loaded with

the program.
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5) Then the two library programs will be loaded, with
regions 1 and 2 being shared in memory, and region 3 for each
program going into the cells specified by the base for region
6 and the respective sequence numbers.

6) The binary cards containing the calling sequences
for these programs will appear with the transfers to 6.1234
and 6.1282 respectively.

If it is desired to put regions 1 and 2 of the library
programs into regions other than 1 and 2 in the main program,
the following procedure can be used.

1) Preceding}the LIBR cards for these programs read in
RDOR or CTOR cards containing bases for regions 1 and 2, for
example Region 1 has base 7.0000, Region 2 has base 7.0050.

2) Punch LIBR cards, this time of the following form:

Cols. 16-19 20-24 25-29 33-35 %{#40
LIBR 135-- l2--- = 048 2020
- LIBR 252-- 12~~~ 035 - @027

3) The resylts of these operations will be the same as
previoﬁsly, except that now the 1ibrafy header cards punched
will contain a “1“ and 7.0000 in the 7's row, and a "2" and
7.0050 in the 6 row of the left half of the card.

4) Now at load time, a relative binary origin card for
region 7 is necessary as well as the one for region 6 as pre-
viously. No origin for regions 1 and 2 is now neceasary

5) Once the input bases for regions 1 and 2 have been
made equal to 7.qu0 and 7.0050, they will remain this way

for the remainder of the assembly.



INSTRUCTIONS USED FOR PREPARATION OF LOAD DECK

These assembly instructions are used to make possible the
immediate loading of a program after assembly, by punching
relative binary origin cards at the front of the output deck
and a transfer control card at the end.

LDOR: This is a card which contains the absdlute base
of an output region, which will be used in loading the final
program. A series of these cards will produce one binary
card containing the designated regions and their respective -
bases. This card 1s'punchgd immediately preceding the main
deck and has an 020 in binary in the left operation 6f the
right half of the 9's row.  ' ’

The LDOR card has the following form:

Cols. 16-19  20-21 29-32

LDOR REGION ABSOLUTE BASE
Example: LDOR . 01 1299
- A

TRFR: The TRFR card is a card cdntaining the desired
address to transfer control to after loading the assémbled.

deck. This produces a card recognizable by the loader,

which will transfer control to the left half-word of the

designated address. Thils address can be symbolic or fégidnal

on the TRFR card, and regional or absolute on the binary

transfer card. |
Card form:

Cols. 16-19 20-24
TRFR ~ SYMBOL OR REGIONAL ADDRESS



MARKER FOR END OF DECK TO BE ASSEMBLED

Because the JOHNNIAC has no end of file return, it is
necessary to have a card mark the end of the input cards.
For this program, the marker is a card with a LAST punched
in the aséembly instruction field.. This card also can be
‘used to form the ldentification fileld for the output cards.
Columns 20-37 of the LAST card will be reproduced in columns
1-8 of -all tﬂé output cards except the origin, library, and
transfer cards. ‘

Card form of LAST card is:

Cols. 16-19 20-27

INSERTIONS AND DELETIONS

The method of making insertions and deletions depends
on ﬁhe type of input and output cards used.

Insertions dand deletions can be made in a symbolic deck
- 81mply by adding or deleting cards and reassembling, thereby
getting a‘new binary.deck and an up-to-date listing.

There 18 no provision for making insertions or deletions
in a regional input deck. Relative binary output‘cafds can
be inserted and deleted by means of the program for that
purpose. This program wil% produce a new relative binary deck
and also an up-to-date octal listing. A

No 1nsé;tions or deletions can be made in an absolute
binary deck.

Binary corrections can be made with either absolute or
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relative binary cards.

LISTING

The listing i1s composed of three parts. First is the
iisting of the library header cards that are punched. This
will consist of every region and the base assigned for each
library program. The heading will be the RAND Identificatioh

for each library routine.

The second part of the listing contains the output pro-

gram deck. This consists of two lines for every full word

on a binary card. Thefe are four spaces at the end of the
listing of each binary card. The listing for each full word
_contains on the first line the,location_an@ftwo addresaea,'
or data exactly as they éppeared'in the"input~deck.‘ The
second line contains the octal image of the location and full
word as they appear in the binafy deck.

At present, some fractional data will be listed -1 in
the least position. In some cases, for'exgmple,..4999 will
be listed for .5000. - |

The third part of thezlisting contains a liat of the

errors found during assembly.

ERRORS AND ERROR DETECTION

Wherever possible, this assembly, upon finding an érror
will make a note of 1it, replace the error, and continue with
the assembly. These types of errors will then be listed as
the third part of the listing. Each type of error will be

PR
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"listed under a numerical heading which represents this error.
The contents of the list will be information which allows
one to locate the error and describes what correction was made,
where applicable. |

Errobks that are 1isted,.and their headings are:

a) .Two equal location symbols: 7777

This érror occurs when the same symbolvis used in two
different location fields. When this error is detected any
address using this symbol will have a blank on the binary
card where this address appears. Each line under this error
ﬁill contain the symbol which 1s used twice, the counter
value assigned this symbol previously and the current counter
. value. ' |

b) No assigned base for input region: 1234

This error will be detected by the assembiy if no RDOR
or CTOR card was used and thgre are regional addfesses or
locations used on 1npﬁt cards. When this error is found for ATl

‘ L5 o™

pdddﬁ“
For each succeeding unassigned region, this base assignment ﬁ%f““

one region, the assembler assigns the reglon base (6000)8.

is increased by (400)8; 1.e., the second region will be
assigned base (6#00)8, third (7000)g, ete.
Each line under the error will contain the region which
was unassigned and the base assigned by the assembly program.
¢) TIllegal operation: 3443 '
This error is detected when an alphabetic operation is
misspelled, so that there 1s no such operation. Wrong

numerical operations are not detected. 000 or NO-OP will re-



place the wrong operation on the output binary deck.

— S - v -

d) Improper q for DDAT: 1717

If, on.a decimal data card, the specification of the
binal point 18 incompatible with the number of decimal places,
an error will be detectéd. In this case, a blank will be left
on the binary output card in place of the full word where the
error occurs,

Listed under the heading will be the output location, in.
octal, of the wrong data.

e) Heading greater than 9926: 2700 |

If the third and fourth characters of a symbol are
greater than or equal to 27 (greater than Z), an error will
be recognized. A blank will replace the symbol in the output
cards, and also in the symbol table, so that if this symbol
was used as a location, the addresses with this symbol will
-have no’lpcation to assign them a counter vélue.

Listed under the heading will be the symbol in error and
the counter value in octal where it occurs.

f) No counter value for address: 6666

This error occurs when there has been no symbol in g
location field for a corresponding symbol in the address field.

Listed under the heading will be the symbol, and—the.
eubtput—location of the full wopd_wheps_it_dncung,

Certain errors, such as errors in assembly instructions,

are not correctable by the assembly program and will cause



stops in the program. .In most of these cases, it will be
necessary to reassemble.

When a counter region is overruh, it is possible to
continue with the assembly by taking the last card read out
- of the reader and placing it in front of the remaining cards
in the hopper and pressing the "GO" button.
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Additions and Corrections to Write-up
on JOHNNIAC Symbolic Relative Assembly No. 1

(1) New Title
In the JOHNNIAC library, the program as described in
this write-up (making use of the drum) is titled J1O00A.

(2) J118a (Assembly without drum):
J100A has been modified so that the same assembly can
be done without use of the drum. This program is called

J118A, and is identical with J100A in every other respect.

(3) 1Input of floating data
The instruction FDAT can be used with both J100A and
J118A to make the assembling of floating data possible.
The form for this type card is:

Cols. 16 - 19 20 - 24 25 26 - 27 28 - 36
FDAT LOC'N SIGN EXP. MANTISSA

The decimal listing for this type input will not be
correct. The octal 1listing, however, will be exactly as

on the binary card.

(4) Corrections
(a) Page 12, under examples of ODAT
The examples given should contain 14 octal digits,
zero or one in the first positions and 13 other digits.

Cols. 16 - 19 20 - 24 25 - 38
ODAT -J400 17770000111003
ODAT 1502 01110101777135

(b) Incorporation of Library Subroutines, pp. 12-15.

All references to subroutines should be changed
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from RIXXXX to JXXXB, so that the first five columns of the
I.D. field are used for subroutine identification. Thus,
all references to RAND I.D. in the examples should use only

columns 38-40.
(¢) Page 15, the first line of the example should read:

Cols. 16 - 19 20-24 25 - 29 33 - 35 38 - 40
LIBR 138 12--- 048 020

~

(d) Page 16, example, middle of page:
The A under the REGION field should be under
column 21.
(e) Page 17, first paragraph, line 6, should read:
Columns 20-27 of the LAST card will be reproduced
(f) Page 20, paragraph (f):
The second sentence should read, "Listed under the
heading will be the symbol."
The output location will not be listed.
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J101A LOAD STYLE B CARDS O BSOLETE
REPLACED By JI22A f-9-5%

(1) Description

J101 is a program to load the absolute or relative
check sum binary cards produced by J100 (style B cards) .
and incorporate the library, origln, and transfer cards

punched by J100.
(2) Binary card form to be loaded: Style B

(3) Origin Cards

The origin card for the regions on relative binary
cards is recognized by a punch in column 43 of the 9's
row and the remainder of the 9's row blank. There 1is
room to place 44 origins (including repetitions) on this
card by designating columns 1 - 7, 20 - 28, 41 - 47, 60 - 68
as the reglon positions, and columns 8 -19, 29 - 40, 48 - 59,
69 - 80 as their respective bases in rows 8 - 12 of the
origin card. The origin card can be entered at any point
in the program deck, but must precede cards with references
to the regions on the origin card. More than one origin
card is allowed. The origins are loaded from left to right
beginning with the 8's row, so that a change in origin can
be made by punching the region and new base in a higher row
of the card or to the right on the same row. Twenty-six
regions are allowed (1 -~ 26)10, in addition to region zero

(absolute binary).
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(%) 1Incorporation of Subéroutines

Library heading cards, which contain the origin for
region 3 for the particular library routine and any other '
necessary region are recognized by an'(077)8 in columns
41-47 of the 9's row and the remainder of the 9's row blank,
except possibly for some identification in the first 8
columns. |

The regions specified are in columns 17 - 19 begin-
ning with row 8,'an§ the bases (relative or absolute) in
columns 23 - 40 in the respective rows. The sequence of
the bases 1s in columns 29 - 40, and region for the bases
in columns 23 - 28, The region specified in columns 17 - 19
:18 the actual region in which the library program is coded
;(0 - 7), while the regions specified in columns 23 - 28
are the regions used in the program to be loaded other than
the library programs (0 - 26)10. The load program uses two
tables of origins. One consists of 27 places (0 - 26)lo
for the main body of the program, for which each origin 1is
assigned a base by origin cards (see section 3). The second
table consists of 8 places (0 - 7)10, for the origins of
the particular library routines. Thus, the origins for the
library routines can contain as bases a region which is one
of the 26 program regions. In this case, the library
address will be increased by the sequence in the library
base plus the base of the region specified in the library
origin.

The iibrary header card should be placed in front of
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its reSpective library program so that each library program
will be placed in 1ts proper position in memory. Library
subroutines are in style B card form. The last card in
every subroutine 1s recoghized by a punch in column 10 of
the 9's row, which is included in the check sum of this
card.

(5) Binary Corrections

To set up the load program to accept binary corrections,
a card with a punch in column ig-in the 9's row, and the
remainder blank, i1s necessary. The cards following may or
may not be blnary corrections. If they are not (i.e.,.if
regular check sums cards are used again) any further binary
corrections must agaln be preceded by a card with a 9
punch in column iga

The binary corrector cards are all recognized by a 9
punch in column 10. The location of the correction is in
columns 11 - 28 of any of the 12 rows from 9 - 12, columns
11 - 16 for the region of the correction, and columns 17 - 28
for the sequence. The full word of the correction is in
the same form as the style B check sum cards (i.e., columns
29 - 40 for the two address regions, and columns 41 - 80

for the two operations and sequences.

(6) Transfer Control Card
The transfer card 1s recognized by the absence of any

punches in columns 41 - 80. The transfer or halt transfer
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instruction is placed in columns 1 - 7 of the 9's row
and the transfer address in columns (23 - 40), (23 - 28)

for the region, and (29 - 40) for the sequence.

(7) Repeated Use of J101

By retaining cells (0 - 335)8 in memory after a pro-
gram has beeh loaded, more cards can be loaded by J10l by
executing a transfer to address (60)8 and having the cards
to be loaded at the read position of the primary feed of

the collator.

(8) Program Stops
(a) (172)8: Check sum stop
By pressing "GO" button, the program will continue,
but the card following the bad check sum card will
not be loaded.
(b) (127)8: Blank 9's row

Press "GO" to restart.

(9) Program length: (336)g full words
Memory occupied (0-335)8

Program available as J10lA.
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Available in style B absolute binary cards.
Program Storage: 2960, - 4095,4 (5620g - T177g) -

LIST OF FREQUENTLY USED LOCATIONS

Dec. Octal Contents
2960 5620 First Locatlon of Interpreter
2963 E : 020 |I CTR.] 050 5623
2980 564 "I Register
Lol 7711 Error Halt Location
3040. 5T40 Trap Register - BRKPT
3041 5741 - All Orders
3042 5742 " " - Transfer
3656 7110 AMQ Exponent
3658 T112 AMQ Mantis
3708 7174 072 [ f 025 . 7016 - Square Root Shift*
3733 7225 022 7122 076 [ q, ] - series Shift#
399 . T637 Series Test Number#*
3064 - 5770 Index Regilster A
3056 5760 n ] B
3052 5T54 " " C
30 o 5752 " 1] D
30 , 5751 1 " E
301{_8 5750 ] 4] F
3597 7015 Integer - Zero
3598 7016 " - One
3606 7026 Integer - Nine
3612 7037 iy - Pifty
363 7062 " - Ten exp zero
%3 s v - n U ome
3643 7073 Integer - Ten exp. Nine

th approximation to

Let Ao = f(n+1) - fn’ where fn is the n
the function f. The test for convergence of fn+l to ¢
1s then made to depend upon the sign of‘lAnl . 279 - 2,
7 1s always 1 for the SQR operation. For the ART, EXP, and

LOG operations 2Z 1is the geries test number. The series

test number is ordinarily equal to 1 for these three opera-'
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LIST OF FLOATING-POINT OPERATIONS

The Operation Codes refer to the two least significant
octal digits of the representation of the JOHNNIAC Operation
Codes. The most significant octal diglit of the latter is
always used for control purposes in the Floating Point

Interpretive System.

00 --- (No Operation) o4 PCH (Punch Cards)

01 TNL 05 TANR

02 TPL 06 TPR

03 TL (Transfer Left) 07 TR (Transfer Right)

10 ' EXL (}?ﬁg Interpretei') 14 EXR gg:;it Interpreter)

ght

11 TZL (Transfer on Zermj 15 TZR (Transfer on Zerﬂ
Left Right

12 . 16

13 INP (Read Cards) _ 17 PNT (Print)

20 RA | 24 A /

21 RS 25 8

22 RAV 26 AV

23 RSV 27 SV

30 34

31 35

32 M 36

33 MN 37



40
41
42

43

50
51

53

53

60
61
62
63

70

~T7o}f%E

DS Ly
DNS 45
46
b7
ST 54
SQR 55
SIN 56 (Natural Log.)
COS 57
o4
65
66
67
RAX .( eset Add) 74 (Add Index)
Index :
TNX Crransfer on x) 75
Negative Inde
TPX (Transfer on ) 76
Pogsitive Index

ENX (Enter X Mode) 77
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JOHNNIAC FLOATING POINT SYSTEM

ONE EX
PRINTI
ORDER .

c (AMQ) c (MEM)
SXXYXXXXXXXXX SXYXXXXXXXXXX
c (AaMQ) Cc (MEM)
SXXYXXXXXXXXX SXYXXXXXXXXX
Xy AXc)
XXXX XX XX
TRA LINE IS SPACED PRIOR TO
NG INFORMATION FOR THE LERT
B c
C (a + 1) C(a+2)
XXXXXXXXX SXYXXXXXXXXIXX

S XX

SENSE

Column Marker
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NO TRACING
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TRANSFER

FLOATING POINT (All Ordeq

Column Marker
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D - MINUS

32 33 34 55 56 37 38 39 40

G

s)
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ORDER

TRACING RIGHT
ORDER
NON-INDEXING

TRACING RIGHT

ORDER INDEXING

PRINTING WITH
TAG OR
ROP = 1,, lb lc

340l ¢
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J1038  PUNCH BINARY PROGRAM - 11 PER CARD ;
TI03E L o ]
Eleven words_ﬁéfféérd aredpundhed in style B absolute
 cards, beginning witp,fifsﬁllodatién specified and ending
with last location specifiéd,_’ o o

. Region 1 (erasabl§) e‘7 ﬁords‘:,

‘Region 3 - 47:wbias;;- L  5,‘

Calling Sequence}"' S T .
o 020 ',d?%ﬁbioli'XXXﬁ(afbitrary symbol)
@+ 1 000 first loc. 000 last loc.

a+ 2 ~Contr617ﬁetﬁfhé here

| Program availablerasfjiojsseS”{ ;;



J104B BLCCK TRANSFER ROUTINE
TI04AE
Calling sequence:

RA a TRL XXX (Arbitrary symbol)

a

a+1 [ : ] arbitrary instruction pair

a + 2 000 AL 000 AR inerements to addresses in
a + 1

a + ﬁ 000 0000 000 n number of executions

o + Control returns here

J104 executes the instruction pair ina + 1 n times.
After each execution the addresses are modified by adding
the increments in a + 2 then stofing both addresses, there- |
fore, the addresses can be decreased by adding complements.
The call sequence itself remains unmodified. J104 can be
used to read, print or punch images and to clear equally
spaced locations in addition to its more frequent use as

a block transfer routine within high-speed storage.

Examples:

a RA a TRL XXX (Arbitrary symbol)
a+ 1 RA 1000 ST 2000 '
a + 2 2 095
a+ 3 20

This copies the contents of 1000(2)1038 into 2000(-1)1981.

a -1 SEL 0 ‘

a RA a TRL XXX (Arbitrary symbol)
a+ 1 Cc 1000 ST 1001

a + 2 2 2

a+ 3 . 12

This reads a card image fromAthe primary feed into 1000(1)1023.
Program Length: 14 words - all in region 3

Pfogram Available: J104B,E

No program stops.

Timing: Approximately .8 ms before first execution of the pair.
Approximately .5 ms between executions of the pair.
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JI05B ~  PUNCH BINARY;éRbGRAM -*22 pER CARD
JI105E

Twenty-two full words per card are punched[in style _ljj§:1;

absolute cards, from first location to last location speci-iﬁf(-

Region 3 - 56 word\‘g

Region 1 (erasable)‘iLB words -f“.

a0 a o0

v XXX (arbitrary symbol)
‘a+1 000 first loc'

fjooo 1ast 1oc.'

ar+ é | Control returns here

{'Program available as



J106B ~ SQUARE ROOT
JlobE

Take the square root of the fraction in the MQ; leave

the answer in the Accumulator.

Calling Sequence:
a RA a TRL XXX (Arbitrary Symbol)

a+l Control returns here.

Program length:

38 words of region 3
5 words of region 1

Program Stop:

3.0036 Argument < O
Hit start to set answer = O,

Timing:

4,093 ms < total time < 21.830 ms
Approximate expected time = 14 ms

Precision: error < 2-39

Program available as J106B,E



J107B K
TIolE
K=2, e, or 10. X in MQ.

Calling Sequence:

a 020 a 010 XXX (Arbitrary symbol)
a+l ql~2'18 + k2739
a+2 Control returns here.
k=0 2%
1 e*
2 10%

leaves Kx in MQ normalilzed.

18 in Accumulator where q2 is scale factor for Kx.

leaves q2~2'
9, = location of binary point in X.

Approx. Maximum time: 25 ms
Accuracy: Approximately 9 S.D.
Program Stop: 3.009 Q exceeds 37
Prograthength: 56 words in region 3

3 words in region 1

Program available as J107B)E
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OBSoLETE

J108A LOAD STYLE B CARDS Rercacer By JI23A

J108 1is identical with J101 except for the following
features:

Sections 1 - 6 of the J10l write-up are the same for
J108.

(7) Repeated Use of J108

By retaining cells (7446 - 7777)8 in memory after a
program has been loaded, more cards can be ioaded by J108
by executing a transfer to address (7511)8 and having the
cards to be loaded at the read position of the primary feed
of the collator.

(8) Program Stop
(a) 7623: Check sum stop
(b) 7560: Blank 9's row

(9) Program length (332)8 full words

Memory occupied (7446 - TT77)g-

In the initial loading of J108,.ce115 (0 ~ 57)8 are
used, but not when J108 itself is in operatioh.

Program available as J108A.

r-9-55
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ty JTI3IB
J109B DECIMAL DATA INPUT / |

J109 will input any number of decimal numbers, one
per card, at full speed, from the primary reader and place
them in consecutive locations of H.S.S. beginning with the
location specified in the calling sequence. Scaling of the
numbers 1is specifled by p and q fleld for each number
to be input. p 1is the.number of digits in the word from
the sign position to the decimal point. q 1s the number
of binary bits to the left of the binal point, excluding
the sign position.

One word on each card, with its slgn, eleven digits,

p, and q can be read. The remaining columns, except . . 4144wg7u
|

o A SIS DA s
B eannarid NS Sl
."‘l“?\;ﬁv\ hikel

column 80, of the card are ignored by J109. Reading is
terminated when a 12 punch in column 80 is encountered.
The last card (12 punch in column 80) is included in the
input, and the information on it 18 stored in the location

following the preéeding card's location.

Card form:
Cols. 25 26 - 36 37 - 38 39 - 40
Sign Word p q
Example:
Cols., 25 26 - 36 37 - 38 39 - 40
o« 02345678900 03 06

In the number, p, and q fields, zeros or blanks are
considered to be the same. 1In the sign position, a blank
is treated as a plus sign. A minus sign is a punch in

row 11. A plus sign punch is a punch in row 12.



J109B
p. 2

Call sequence:
a RA o TRL XXX §arbitrary symbol)

a+l YYY (YYY = 1st location in H.S.S.)
at+2 Control returns here

Program stop: (3.0137)8: Wrong q for given p. Program-
will not continue.
Program length:
Region 3: (130)lo words: (3.0000 - 3.0201)g -
Region 1: (16)10 words: (1.0000 - 1.0017)8

Program available as J109B.




J110B

TJI0E

beginning
and other
resulting

and first

Let

Thus

J110

DECIMAL PRINT ROUTINE

converts to decimal and prints a block of’H.S.S.

at a specifled location, according to scale factors
specifications stored somewhere in H.S.S. The
printed page will héﬁe 6ne space at the left, sign

word, space, sign and second word, space, etc.

number of words per line

locatlion of first word to be printed

number of lines

location in H.S.S. of scaling factors, etc. (see
below)

number of decimal digits left (right if negative)
of'the decimal point of the 1 th word.

location of binary point in i th word [+ if right,
- if left]

1"

{? 1f Py and q are positive

negative

number of decimal digits of 1 th word to . be
printed.

a
>_ny + 2a g ko.
i

Calling sequence:

020 a 010 XXX (arbitrary symbol)

a
+ 1 a b ¢ d
+ 2

Control returns here

(continued)



J110B, E
p. 2

Locations 4 (1) d+a-1 in H.S.S. have

d SR T VR
d+1 k2 Py ds N,
d+1i-1 ki p1 qi n,
d+a-1 ka pa qa na

A minus sign appears as 0 (0 and 1 overprinted). If a
number is incorrectly scaled, ® (0 and 2 overprinted) will

appear in the sign position followed by all zeros. The

program will not stop.

Region 1 (erasable) - 18 words
Region 3 - 102 wofds

Program available as J110B,E
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J112A SELF LOADING BINARY LOADER FOR STYLE D

J112 will load itself and any number of style D cards
which follow it into HSS, checking the check sum on each
card. Loading will cease when a card with a positive
right half 9's row is encountered. The control will then
execute the instruction made up by the operation in 9's

row 01_7 and the address 1n 9's row 029_40.
Program Location: 0000 - (0057)8.

Program Stop: (0050)8 Check sum stop.

Program avallable as J112A

7nu(39,'ﬁ'&d&.wn-?@m\
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f ‘-J113B - .SINE-cosmE_} papam R - OUBso a.s‘-ra ,
‘ The four trigonometric_functions developed and their e

1ocations are-’* S

S z 1nilocation‘l 001

xxx ’(arbit;rary‘ symbol)

a+1 Controlyreturn here

 Progran available



J114A OCTAL MEMORY DUMP

This program prints two full words and the location of
the first word in octal on one line. Lines having both words
zero are omitted. The section of memory to be printed is
specified by a control card or set of control cards.

The program uses a special loadef which writes the con-
tents of high-speed memory from 0002,, to 049910 onto drum
(drum O, position O, band 0), so that all of memory except
locations 0000 and 000l may be printed.

Printing is terminated by a blank control card. At the
conclusion of printing, memory is restored (except locations

0000 and 0001).

Deck: J1ll4a
Control cards
3 blanks
Program length: effectively 2 words in high-speed storage
(764)q = (500 on drum
8 10
Stops: 0000 Printing compiete, memory restored.

Control Cards: One for each block of memory desired.
First address punched in binary in 9 row, col.48-59
Last address punched in binary in 9 row, col.69-80:

Program avallable as J11l4A.

O'FLO )6M ONM



J115B PRINT POSITIVE DECIMAL INTEGERS
Thse

Calling sequence:
Loc OP ADDR OP ADDR
a Q RA a
a+l TRL XXX N

a+2 Control returns here

where: . Q is the location of the first word.

8-31-55

N, the number of consecutive words to be printed.

XXX, any arbitrary symbol.

J115 will convert consecutive positive words to decimal

integers and print them one per 1line.

Reglon 3 - 36 words
Region 1 - 10 words
Program available as J115B, E

Speed: 5 digits or less per line - 900 lines/min.
6 or more digits per line - 600 lines/min.
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J116B LOGARITHM - BASE 2
J6E

2-39 log, x is developed in A, MQ.
MQO = 1 18 not a part of the answer.

Range: 0 <X <1
If X = 0 the program will stop at 3.019.
The routine 1s entered with X in MQ.
Calling sequen&e:
a 020 o 010 XXX
o+l Control returns here
Region 1 (erasable) - 4 words
Region 3 - 23 words

Error less than 2'38 assuming X exact.

Program available as J116B,E



J117B LOGARITHM - BASE e or 10
JNI7E ‘

2739 1og X vase e or 10 is developed in A, MQ. M, is

not part of the answer.

Range: 0 <X <1l

If X = O the program will stop at 3.030.

Calling sequence:
a 020 o 010 XXX
0
atl 000 L(X) 000 K¥p0Oy
o+2 Control returns here
Region 1 (erasable) - 6 words

Region 3 - 39 words

for base e
for base 10

' Logarithms accurate to 9 decimal places.

Program available as Jll?B,E.
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J118A RELATIVE SYMBOLIC ASSEMBLY WITHOUT DRUM

J118A is designed to perform the same functions as J100A,
at times when the drum is not available on the JOHNNIAC, making
the use of J100A impossible.

All the card forms and versatility of J100A are available
without exception on J118A. However, the lack of a drum nec-
essitates somewhat more physical exertion on the part of the
programmer or machine operator at assembly time. The procedure
for assembling a program with J118A is the following:

The deck to be assembled, with one blank in front and
three behind is placed in the secondary card feed. PART I of
J118A is then put in the primary feed. The LOAD button should
then be pushed. After all cards are read and the punch stops
punching, both feeds of the collator should be cleared. The
cards that have been punched should be placed i§ the secondary
feed of the collator (with one blank in front agd three behind).
PART .2 of J118A is then put in the primary feed of the collator.
After starting the machine again, the assembly process Qill

continue as in J100A.

Jules Schwartz
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J119B PRINT DECIMAL - ONE PER LINE
J 119E

Calling Sequence:
LoC OoP ADDR OoP ADDR

a A RA a
a+l TRL XXX N
a+2 Q K

a+3 Control returns here
where: XXX 1s any arbitrary symbol.
A 1s the loc. of first word to be printed.
N, the number of consecutive words to be printed.
Q, the scaling or location of the binary point
for all N words 0 < Q < 39.
K, the number of digits to be printed in the
fractional part of the nuﬁber 1 <K< 20.
J119 converts to and prints in decimal N consecutive words
of HSS beginning with A. All numberé must be scaled the same
in a block, and the same number of digits are converted in the
fractional part for the bloqk. A space 1s left between the
integral and fractional parts of the number denoting the
decimal point and the minus sign (D) when appropriate, 1is
printed at the left in the 1013 position. Since K can never
be less than 1, a number with a Q of 39 will appear as
XXXXX 0 and a number with a Q of zero will appear as 0 XXXX .
Conversion of the decimal part terminates as soon as the
quotient of a division by ten 1s zero so that one digit integers
appear as X O, two digit integers XX 0, etc.

.



J119B

Region C - 59 words
Regioﬁ 1l - 11 words
Program available as J119B,E
Speed: For integers equal to or less than.4 diéits - 900 lines/min.
For integers greater than 4 digits - 600 lines/min. |
For fractional numbers with K = 10 possibly 600 lines/min.

/a O'F(o 1668 onN OTHERW L S5 FAILS
om -,
2. THE 516N CLopeeERS THE B 500, Frosor

P11 T TO LEFT 0oF PoIvT,
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- J120B JOHNNIAC BLOCK TRANSFER TO AND FROM DRUM
JVZOEJ120 transfers any block of information from 1 to 4096
words in length to or from HSS from or to any one position
of the drum. One poéition of the drum is considered to be
numbered with addresses 0000(1)7777 octal. "Stepping over"
pands is done automatically. The calling sequence is.as
follows:

a RA a TRL XXX (Arbitrary Symbol)

atl- Op. B OopO Y '

at2 000 £ 000 000

a+3 Control returns herg

WD if transferring from HSS to drum
where ODP. = ipp 3f gransferring from drum to HSS

B = first‘HSS loc.

y = last HSS loc.

P = drum position (0,1, or 2)

f = first drum address of positlon p.
[1f b is the band and a the band address for starting, then
£ = (2000)g * b + a.] ‘

It is assumed that y> B and that f + (iy-s) < (1717)g-

If the latter does not hold, information will be written
(read) up to the end of position p and then‘starting from
the beginning of position p.
Reg. A (erasable) - 3 words, seq. 000,001,002
Reg. C - 30 words
Program available as J120B, &
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g 1 OBSOoLETE

SEE. J 149
J121B JOHNNIAC BLOCK TRANSFER TO AND FROM DRUM WITH TALLY

5121 is ai"fancy" version of J120. The calling sequence
is as follows: |
a RA o TRL XXX (Arbitrary Symbol)
a+l Op. B OpO Y
~a+2 000 £ 000 2

a+3 Controls returns either left or right. (See
below.)

where Op = WD if transferring from HSS to drum
P RD 1f transferring from drum to HSS

= first HSS loc.
= last HSS loc.
drum position (0, 1, or 2)

= first drum address of position p

N g =<
fn

= last drum address of position p allowable.
5121 does not assume v > 8. However, if g >y, then £ > {
must also hold. In this case, the interval Ey, B] in HSS
is stored on the drum so that contents of B go to f, contents
B~1 go to f-1, etec. | _ |

The purpose of £ 1is to provide a check against writing
over good information or going past the end of the position.
If the interval [f,2] (or [£, £]) 1s smaller than [B,y]
(or Ey, a]), then reading or writing will not occur and con-
trol returns to the left command of a+3. Otherwise, control
returns to the right command of a+3 with the left address
part of the accumulator containing the next availlable drum
address, f*, i.e. '

f* a f + (y-s)+l it y> B

= f+ (y-p)-1 1f B > v.



J121B
-2

Thus by using an SAL a+2 1nstruction on returning, C(a+2)

acts as an automatic tally on avallable drum locations.
Note that when storing successive blocké on the drum

- with B > v, the blocks are stored. in reverse order of their

generation. However one-word blocks (p =y) are always

stored in ascending order.

Reg. A (erasable) - 5 words, seq. 000, 001, 002, 003, OOkL.
Reg. C. - 47 words

Program available as J121B.
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T 122A T 123A
LOADERS FOR STYLE B CARDS

The first few weeks of heavy usage of J10lA and J108A
(Style B loaders) turned up a few malfunctions in them.
Corrections have been made in these loaders, and we have
two new loaders for Style B cards. J122A replaces J101lA
and J123A replaces J108A, J101A and J108A now being obsolete.
Notinew writeup ﬁill be made for J122A and J123A. The
writeups foﬁ J122A and J123A are the same as the writeups
on JlQlA and J108A, respectively, with the following excep-
tions: ' _

(1) Neither J122A nor J123A check check sums. Thus
there are no check sum stops. However, the loaders do
look for a negative right half nine's row (punch in columh
41) in the program cards.

| (2) On page 3 of the J101A writeup the following
corrections should be made:

Paragraph (5), Line 2:

Should read: "a card with a punch in column 80 in the

9's row .« . "

Paragraph (5), Line 7:

Should read: "punch in c¢olumn 80."
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J126B SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL
JIA6E EQUATIONS

J126 solves a set of differential equations with the
following call sequence:

a RA a TRL (Xxx) [any symbol]

a+l 000 m 000 d
where m 18 a scallng constant and d 1s the location or
symbol of the first word of the auxiliary subroutine.

The following library région bases must be designated
before input of this subroutine in the following manner:

Region Contents Use

et c—

D a The numbers in a+i are the variables vy
(1=0, ..., n-1). Originally the initial .
values are blaced here.

E b-a The numbers in b+l are the scaled
derivatives, 2mhy1, calculated by the
vauxiliary subroutine. b > a+n-1l.

F c-b Locations c¢+i are used as temporary stor-
age for this subroutine. These locations
must be cleared to zero before this sub-
routine i1s entered for the first time.

¢ > b+n-1.

G c+n n is the number of differential equations
to be solved.

'Region 1 (erasablg) 4Hwords
Reg{s§”3 (60)8 = (48)10 words
Duration: T = 6.7+n (19.9 + .1 m) + 4t ms.

where T = time in milliseconds to perform one step
of integration.



Jl2oB, &
p. 2

€ = time in milliseconds for the auxiliary
subroutine.

Description

This subroutine will handle a set of n simultaneous

first order ordinary differential equations, in which esch
derlvative 1s expressed explicitly 15 terms of the variables .

Vo = To (yor ¥i» ever ¥yy)

i o= (5 ¥ps eees ¥pg)

-1 Tnoy Wor ¥poeeovyg)-
Any differential equation or set of differential equations
to be solved must first be expressed in the above form be-
fore this subroutine can be applied. For example, the second
order differential equation

y”.- w2y
must be written as two first order diffeféntial equations

Yo = Wy 1 =W
where ¥y, = ¥y and Yo = AL
Each time this subroutine is called into use, it will carry
out one integration step of length h. Each of the integrals
¥y (1=0,1, 2,...,n-1) 18 replaced by its value at the end
of a step of length h. 1In doing so, this subroutine employs
an auxiliary closed subroutine which evaluates the functions
fo, fl’ fe,..., fn-l from the given values of Yy The cocder
-must write this auxiliary subroutine for his individual
problem since it defines the equations being solved and this
depends entirely on his specific problem.

The purpose of the auxiliary'subroutine i8 to calculate

and store in locations b + 4, (1 = 0, 1, 2,...,n-1), the
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quantities hfi multiplied by a suitable scale factor oM,
h is the increment of the independent variable and m is a
positive integer to be chosen as large as possible without
having'any of the quantities Emhf1 exceed capacity anywhere
throughout the range of integration. The factor 2™ is intro-
dﬁced to increase the accuracy of the integration subroutine.
The varilables, Yy muét all be scaled so that they are less
than one thfoughout the range of integration Berore they
are used in the auxiliary subroutine. Also for maximum
accuracy, one should store 2mh'instead of just h. This
auxiliary subroutine must be located in a séquence of loca-
tions beginning with location d. In integrating over one
step, the integration subroutine will call in the auxiliary
subroutine four times.

This integration subroutine requires 3n arbitrary stor-
age locations. The n consecutive locations a + i,
(1 =0, 1, 2,...,n-1; a arbitrary), are used to store the
variables Yy It is in these locations that the initial
values are to be placed. It is also in these locations that
the final results are found. The n consecutive locations
b+1, (1=0, 1,2, ...,n-1 ; b >a+ n-1), are used to
store the scaled derivatives, 2mh§ (= Emhfi), which are cal-
culated by the auxiliary subroutine. The n consecutive
locations ¢ + 1 (1 =0, 1, 2,...,n-1 ; ¢ > b + n-1) are used
for temporary storage by the integration subroutine. These
locations will hold the quantities 2mqi. The numbers left

in these locations at the end of an integration step are

3.2m times the roundoff errors of the quantities ¥q- These



J126B, &
p. ¥

numbers are taken 1n£o account during the following step

and serve to prevent the rapid accumulation of roundoff
errors. As a result the effective numerical accuracy is

m digits more than the capacity of the storage locations.
Therefore, it is important that the locations c+i, (1 = O,
1,2,...,n-1) be cleared to zero before the integration sub-
routine is entere&. Otherwise, this integration subroutine
'will add épurious corrections to the variables. Thus before
the integration subroutine can be entered, the main routine
must clear the temporary storage locations ¢ + 1 to zero and

set the initial values of the variables Yy in locations a + 1.

Summary
Supposing that, in the course of hid routine, a coder

has to solve a set of differential equations over a specified
range given the initial value of the independent variable,
a possible procedure would be the following-

(1) Reduce the given set of differential equations
to a set of n first order differential equations.

(2) calculate the initial values of the dependent vari-
ables, y, .

(3) Scale all the functions so that all the values y,
are less than one tﬁroughout the range of inte-
gration.

(4) Choose & proper value of h (see note I).

(5) Chose m properly.

(6) Determine the parameters to be assigned D-G, ob-

serving that a < b < c.
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(7) Write an auxiliary subroutine which evaluates the
functions 2mhfi and stores them in locations b + 1.

(8) Make certain bhaﬁ the main routine sets the scaled

| initial values in locations a + 1, and clears the

temporary storage locations ¢ + 1 to zero before
the integration subroutine is entered.

With respect to the solution of a set of differential

equations, a prograﬁ can be bfoken.up into three parts:

(1) The main routine,

(2) The 1ntegratioh subroutine (Code J126)

(3) The auxiliary subroutine.

The Independent Variable

If the independent Variable x occurs in the functions
fi or if it 1s required during an integration as an index,
then i1t may be obtained by integrating the equation x' = 1.
The independent variable x 1is then treated as an addi-
tional dependent variable, fof which the auxiliary subroutine
has to provide the quantity 2™hx' = 2™. However, this
latter quantity may be planted at the beginning of the inte-
gration in the appropriate location (e.g. in location b) and
left there, so that the auxiliary subroutine is relieved of
the task. If the independent variable does not appear in
any of the fi's but is merely wanted for indication purposes,

it 18 quicker to use a simple counter in the main routine.

[

Notes -

I) Accuracy: The truncation error in one step is of

the order of h°. Ordinarily, that is for a small
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set of well-behaved equations, its magnitude 1s
about 10'2h5; for large sets or difficult equations
it may be greater. Over the range of integration
this error will amount ﬁo about h“/loo. Roundof f
errors accumulate at a rate corresponding to the
keéping of (39 + m) binary digits. The choice of
the length of the increment h 1s governed largely
by the accufacy desired. An increasein thellength
of h will result.in a decrease in accuracy and

in operating time. Likewise, a decrease in the
length of h will result in an increase in both
accuracy and opérating time. However, no further
increase in accuracy can be gailned by choosing

h<;_>’8

because of the introduced truncation error.
But, if the functions are Very sensitive to vari-

ations in y,, or if the number of equations is very

large, smalier steps will probably be necessary
with, of course, a corresponding increase in the
time required. 'Now, the process used in the inte-
gration subroutine is a fourth order one. Thus,
1/15 of the following difference,
(the value of Ye calculated using an interval.
of length h)
-(the value of yo calculated using an interval
of length 2h)

i8 an approximation of the error.

II) Adjustment of the increment h: There exist essen-
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tially two ways of adjusting the increment

a) One may double or halve the increment by vary-
ing the value of m in the main routine. This
may be done over the complete range of inte-
gration or Jjust over part of it. When only
the parameter m in the link between the
main routine and the auxiliary subroutine is
changed to m+l and the auxiliary subroutlne
is unaltered, the length of the increment is
halved. Likewise, when only the parameter m
is changed to m-1 the length of the increment
is doubled. The auxiliary subroutine is not
altered since 2™n = 2m+1h/2. If one adjusts
the increment over the complete range, adjust-
ing only the value of m 1s sufficient.
However, if one wishes to adjust the length
of the increment within the range of inte-
gration, one must also adjust all the quanti-
ties in locations ¢ + 1. Otherwise, one.will
introduce roundoff errors in Yy of the mag-
nitude,

2 (old value of h - new value of h)
x 240,

Now by also doubling the quantities in ¢ + 1
when one halves the increment one will intro-
duce no roundoff.error. Similarly, by halving
the quantities in ¢ + 1 when one doubles the

length of the increment, one will introcduce
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no roundoff error. If one clears the loca-
tions ¢ + 1, one introduces roundoff errors
of magnitude 2’40.

b) One may aiter the length of the increment in
any ratio by adjusting the scaling factor
2™ in the auxiliary subroutine. Here also
one may adjust the length of the increment
within the range of integration. Now it is
not necessary to adjust the quantities in
¢ + 1. If, however, 2™h becomes small, then
roundoff errors are introduced by inaccuracies
in the auxiliary subroutine. Thus one should
not keep 2™ small when integrating over large
ranges unless the loss of accuracy and time

} does not matter.

III) Often it is desired to evaluate functions involv-
ing expressions like sin x or Jm(x). These ex-
pressions can be evaluated by solving extra dis-
tincﬁ differential equations along with the desired
ones. For example, |

a?/ax® (sin x)/2 = -(s1in x )/2.
Thus we can evaluate (sin x)/2 by using the extra
pair of equations

Yp = 'emhyn+l

and sultable initial conditions.



J126B, €
p. 9

Method Used for Integration in the Routine

Given a set of differential equations,
yj’_ = fi (yo,yl,ya,...,yn_l), (1 = 0, l, 2, XRY) n"l)
the process used in the integration is defined by the follow-

ing equations

gy = 2"‘111'1 (yoJ‘ SUIRRRT A J)
Pyrgey = (Rgyy*d) (kg 4 - By qy 4)
-m

Vi,3#1 = V4,5t 2 Ty 4

U, ge1 = gy ¥ 37y, 5 (Cg 1) By gy
with the following table of values

I A B, c,

0 -1/2 2 1/2

L -(1/2)V2 4 (1/2)1/2
2 ()2 -(1/2)172
3 -5/ 2 1/2

Of the double subscripts used in the above equations, the
first subscript, i, indicatea which variable is being con-
sidered, and the second subscript, J, indicate which of the
four parts of one step is being performed. The auxiliary
subroutine evaluates the quantities ki;J' In the above |
equations, only the quantities q1,4 and y1’4 are carried
over from step to step. The quantities ri,J are calculated
in the course of one step; they are not carried directly
from step to step; When J = 4, we replace it by zero, in-
crease 1 Dby 1, and terminate the step.

For one step, the sequence of operations is as follows:
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J = 0 i = 0) 1’ 2,000‘)1'1"1

J = 1 i L 0’ 1, 2,...,!’1'-1 .

J = 2 1 = 0! l) 2?,...,!1-1‘

J = 3 i = 0; 1, 2,...,!‘1-1
References
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Program available as J126B,E
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- J127B ARCTANGENT X
TIE

Arctangent X (in radians) is developed in MQ.
Range: -1 <'X < 1. A
The routine 1s entered with X in MQ.
Calling séquence: |
o] 020 o 010 XXX
atl Control returns hére
‘Region 1 (erasable) -3 words
Region 3 - 28 words
Arctangeﬁts correct to il decimal places, assuming an exact
argument. |

Program avallable as J127B,E
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J128B,E PUNCH DECIMAL CARDS

J128 punches one decimal card containing 6 twelve-place
fields and a three-digilt sequence humber.

Calling sequence:

a 020 a 010 XXX
at+l — — — SEQ
01-6 T-19  20-27  28-39

at+2 klpl q Ll
at3 kP 4 — Lo
a+l k3p3 a3 — L3
ot kpy o a — Ly
at+6 k5p5 q5 — L5
ot KgPg g — L6
a+8 Control returns here

0 (in sign position) if p and q positivew
k, =
1 1 (if the negative values of p; and g, are to be used)

the decimal point.

negative = number of lead zeros desired to be between
the decimal point and the first digit of
the word in memory.

positive = number of decimal digits to the left of
Py

cluding 29) to binary point.

negative = number of positions left from 2° (ex-
cluding 2°0) where dbinary point is assumed
to be.

positive = number of positions right from 2° (ex-
A

Li = Jlocation of the 1 th number.

continued
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The punched card form is:

Column
1l blank

2-14 sequence number

5-16 1st number
17-28 2nd number
29-40 3rd number
4i-4y blank

45-56 4th number
57-68 5th number
69-80 6th number

If Py and q are positive fleld, 1 contains 11 digits
and a decimal point after the integer part of the number.

If Py and q are negative, the absolute value of Py is
punched in the first column of the fleld followed by 11 digits.
An 11 1is overpunched in the 12th column of the field
for negative numbers. No punch 1s used to designate positive

humbers.
If any cell in a+2 through o+7 1s left blank (zerb),the

corresponding field on the card will be blank.

Program length: Region 1 (erasable) -~ 30 words
~ Region 3 - 170 words
No program stops.
Timing: Cards will be punched at half-speed with a reason-

able amount of manipulation between entering of the
program.

Program available as J128B,E



J129B,E  CARD IMAGE TO CHARACTERS

J129 will convert a card image in storage at D O - D 23

in 9L, 9R, 8L, ..., 12R order to 80 words inE 1 - E 80

one character per word corresponding to the columns of the

card image. The character code is the sum of the values of

the punches for the character. A "12" = 16, "11" = 32,
"o" = 48 and numeric 1-9 = 1-9 respectively. All "legal"
characters of the key punch will be converted to unique
character codes.

The routine is designed for "legal" characters only.

card image 18 clobbered in the conversion process.

Calling sequence: « RA a TRL XXX

atl Control returns here

C 0 ~-C 51 program
DO -~-D23 card image
E1l - E 80 characters

- Program storage:

Timing: Approx. 135“ms

No program stops.

Program available as J129B,E
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J130B

J130E DECIMAL LOADER

J130 1s a decimal loader with the following calling
sequence: |

a 020 a 010 XXX

a+l Q0a 0000 000 c

at+ Control returns here

where a = {? if primary feed of card reader used
1 if secondary " " " " "

¢ = starting location‘(absolute or relative)
The program reads decimal cards starting each card with
column 5 [cols. 1(1)4 are for I.D. and are ignored], &and
proceeding to the right, convertihg and storing ﬁumbers,
until a blank column 1is encountered, which causes the next
card to be read, or an end of file 12 punch in col. 80 isA

encountered.

The program will store the numbers in the starting location
and succeeding locations unless 1t hitas a specified location
on a card indicated by L followed by the location number.
At this time it will store the number following in the
specified location and proceed as before with the new loca-
tion as a starting location. The numbers to be loaded must
be puncheé in the cards in the fdllowing form:

L c EN*pF)+aq

where ( = 11, 4, 8 punch
and ) = 12, 4, 8 punch

(continued)
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and
¢ = location in which to storevthe number following.
This will always be preceded by the symbol L.

Absence of L and location will result in the number:
being stored in (location of preceding number) +1.

number to be converted and stored (must include a
decimal pcint and be p.eceded by a sign). N
limited to eleven decimal digits. [j9 decimal
digits if floating point numbers,]

N

xp or /p = These are optional. If absent, N will be
handled as it appears in the card. xp will cause
N to be multiplied by 10P. /p will cause N to be
divided by 10P. 0 < p < 18.

F = F punched at this point will cause the number to

be converted into the floating point form (power
+ 50 and magnitude), described in J102.

2™% 1s the scale factor.-8 < q < 39.

A plus sign is a 12 punch and a minus sign an 11 punch.
For example, a program entered with calling sequence:

a 020 a 010 XX (arbitrary symbol)
at+l . 000 0000 000 100

and first card punched (starting in col. 5) as follows:
(+325.14)415(-2.935xk4)+22
L200(-5.62901/3) -6 (+ .0004F)
(+1.5604x2F) | .
will result in

' +325.14x2'15 being stored as a fraction in 100
22 1" " 1" " " 1]

-29350x2" 101
_.00s62901x2° v W ow o om " 200
+47 400000000 " " " an integer " 201
+53 156040000 " " noon " v oogp

| 3.(088) 4
Program stop at 3'(130)8 when a card without a punch in

column 5 1s encountered.

Region 1 (erasable)-—(46)lo words
Regicn 3 -- (31#)10 wofds
Program avallable as J130B

J130E
: Marvin Shapiro



J131B DECIMAL DATA INPUT
JI3E

J131 will convert and store in consecutive locations of
H.3.5., decimal numbers, one per card at full speed from the
primary feed. The first location is specified in the calling
sequence and there 1s no 1limit to the number of cards to be
read. The scaling of each number is specified in éach card
by p and q, where p 1is the iocation of the decimal point
counting right from the sign position (but not including the
sign position) and q 1s the location of the binary point
counting right from the zero-th bit (no% including the
zero-?h bit). Fractional binary representations are trun-

cated in absolute value. This routine will not input -1 x 2°.

Card form:
Col. 25 26-36 37-38 39-40
s8ign number p - q
0<p<ll 0<£qa<99
Example:
Col. 25 26-36 37-38 39-40

a4

Q0326947300 o4 07

Zeros and blanks are interchangeable. An ll-punch in
col. 25 18 a mihus sign and a l2-punch or blank is a plus
sign. Reading 15 terminated when a l2-punch in column 80
is read. The remaining columns of the card may contain any

other information desired.

(continued)
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Calling sequence:

LOC OP ADDR OP ADDR
a RA «a TRL XXX (Arbitrary symbol)
atl YYY (1st location in H.S.S.)

o+2 Control returns here

Program stop: (3.0140)8 wrong q for given p. Program

will not continue.

Program length:

Region 3: (131)10 words: (3.0000 - 3.0202)8
Region 1: (16),, words: (1.0000 - 1.0017)g

Program available as J131B.

JI3IE,
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J132B PRESET OR RESET ROUTINE
TI32E

J132 sets any number of specified addresses to specifled

values. Its primary intended use 1s in connection with J133.

Calling Sequence:

a RA a TRL XXX
a+l OOk1 Al 000 Bl
a+l 001(i Ai 000 Bi

at+p 00k A 000 B
at+tp+l 100 0000 Control returns here
If k1 = Q, A1 will be stored in the left address of the word in Bi'

= . " ] 1" n n 1 " 1} 1" u
If ki 1, Bi right Ai'

Program length: 9 words -- all in region 3

Program available: J132B,E



J133B PSEUDO B-BOX
JI133E

J133 provides for a rudimentary form of internally pro-
grammed B~-Boxes. It will successively add (or subtract)
specified increments to specified eddresses, allowing for
intermediate calculations using the transforﬁed words, and

wlll control the number of repetitions of this process.

Calling Sequence:

a RA a TRL ) 0,04
a+l n
at+2 OOkl Al 000 Bl

atp+l 100 C 000 D

ki = Ay 12
= 1| then { o will be added (modulo 2*“) to the
left address of the wird in Bi -n~lrwill be stored 1in

right Ai >
at+l, and if the result is 2 1 control will go to the left of

D while if it is < 1 control will go to the left of C.

Suggested Use:

Have'a routine, S, containing the words whose addresses
are to be modified, which exits to the left of a. Have the
variable addresses set to their desired initial values -- the

values for the first execution of S -- by use of J132. Let
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D = the entry point of S (it is required that S be enterable
on the left). Let n = the desired number of executions of S,
Transfer control to the entry of S.

Then control will eventually proceed to the left of C,
3 having been executed exactly n times, with the required
address modifications. o+l will contain a zero and the vari-
able addresses of 8 will be set up for an (n+1)st execution.

Caution: If the process is begun by transferring to a,
the first execution of S will not take place until after one
address modification and there will be only n-1 executions
of S.

S may 1tself contain call sequences using J133.

Program length: 17 words - all in region 3.
Program available: J133B,E

No program stops.
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J134A  SYMBOLIC RELATIVE ASSEMBLY

J134A has the same features as J100A with the following
exception. If no RbOR card 1s put in for a region in the
decimal deck, the binary equivalent of thé decimal region
will be used as the origin for this region. Thus there is
no 1234 stop with J134A. |

Jules I. Schwartz
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X267
REVISED STYLE E LOADER TO REPLACE J136

I'd like to have your assistance in checking out this new style E
loader by your using an interim version (X267) for a few days to
see if any bugs develop or if any desirable changes are suggested
before the routine is placed in the library under its ultimate
identification (J267).

The new loader is roughly campatible with J136 but the following
differences should be understood before using it:

1. The new loader occupies 100 words more than J136 for a total
‘of 600 words (0000-0599).

2. The permitted symbolic locations and addresses are again # O
thru # 99 but only 100 forward symbolic references are allowed
instead of 155.

3. There is no longer a restriction against using a forward
symbolic reference in words belng loaded into absolute or
relative locations.

4. The initial condition of the counter (§) is 600, (1130)8.

5. It is no longer necessary to put in a redundant comma card at

the beginning of a deck Jjust to clean up the tables. The initial

condition of the new loader is such that it is ready to load
the first routine. , ‘

6. Certain kinds of errors are detected by the new loader and
corresponding error messages are typed out on the printer. The
lef't half of the current card is always printed out as part of
the message except in the event of more than one error message
for that card in which case the card is printed only with the
first message. The error message pertains to the card which is
printed except for undefined symbolic addresses. Here a comma
card 1is printed out to identify the routine in which the
undefined symbols occurred. A full-table error message occurs
when the 101st forward symbolic reference is encountered. A
"CLOBBERED" error message occurs when an attempt is made to
use the counter to load beyond the end of memory or anywhere
in the loader area. Both of these error types end in drop dead
halts. The other error messages for ambiguous symbols, unde-
fined symbols, undefined characters, and scaling errors are
followed by setting an error flag in the loader but the loading
process continues to edit the deck for other errors. Vhen the
period card is encountered (period in C36 that is) if the error
flag has been set the loader will drop dead.

7. The new loader will clean up (substitute and initialize) only
on a comma card. The period card now causes a transfer
directly to the period cell without a c¢lean up. The initial
condition of the perlod cell 1s a drop dead halt. !
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8. Style F binary cards with no ID can be called for in two ways:

LOCN OPN ADDR OPN ADDR
aaaa bbbb)

Such a card will cause the punching of style F binaries to
cover the range aaaa thru bbbb. The aaaa and bbbb parameters
must be expliclt--that 1s, they cannot be forward symbolic
references.

LOC? OPN ADDR OPN ADDR

Such a card will set the beginning of range parameter to $OOO.
LOC? OPN ADDR OPN ADDR

Such a card will set the end of range parameter to $000 less
one and will then cause the punching of style F binaries

from the beginning of range thru the end of range. Note that
it 1s now simple to punch out routines individually or in

a block but that the resulting binaries will not in general
include the directory which should be punched explicitly

as in the following example:

LOCN OPN ADDR OPN ADDR
= 0 = 13)

Obviously one should not insert such a card between a pair of
double-parenthesis cards.

Punching will be suppressed if the error flag has been set.

9. Data input is the same-as in J136. Floating point numbers -
intended for the Johnniac floating point system must be punched
with the decimal point (which separates the translated exponent
from the significant digits) in C21. C18 must be punched +
("12" punch) or - ("11" punch). i

LOCN OPN ADDR OPN ADDR

+52.123456000 +12.3456
-47.123456789 -.000123456789
+53.123 +123.

-59. 123 ~123, (unnormalized

Fixed point data 1s recognized by the binary scaling punched
in the right address field. ¢Call it b. The limits are 0 thru
40 for b. The number times two to the minus b rounded to
Johnniac word silze must be a proper fraction. A scaling error
message will be printed if th%s gs not the case or if b is
greater than 40.
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LOCN OPN ADDR OPN ADDR )
+123456789012 39 +123456789012 x 2039
-.12345678901 0 12345678901 x 205
+ 123 39 + 123 x 2232
- 1230 39 - 123 X 2”39
+ 123 39 + 1230 x 273
- 123.45678 7 -123.45678 % 2
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I'd like to have your assistance in checking out this new style E loader
by your using an interim version (X2i:7) for a few days to see if any

bugs develop or if any desirable changes are suggested before the

routine is placed in the library under its ultimate identificzation (d=17)e

The new loader is roughly compatible with J136 but the following
differences should be understood before using its

1. The new loader occupies 100 words more than J136 for a total of 600
wrds (0000-0599),

2o The permitted symbolic locations and addresses are again # O thru
3 99 but only 100forward symbolic references are allowed instead of
1550 ’

3. There is no longer a restriction against using a forward symbolic
reference in words being loaded into absolute or relative locations,

Lo The initial condition of the counter ($) is 600, (1130)g.

S. It is no longer necessary to put in a redundant comma card at
the beginning of a deck just to clean up the tables. The initial
condition of the new loader is such that it is ready to load the
first routine,

6, Certain kinds of errors are detected by the new loader and
corresponding error messages are typed out on the printer, The
left half of the current card is always printed out as part of
the message except in the event of more than one error message
for that card in which case the card is printed only with the
first message, The error message pertains to the card which is
printed except for undefined symbolic addresses. Here the comma
card is printed out to identify the routine in which the undefined
symbols occurred. A full-table error message occurs when the
101st forward symbolic reference is encountered. A "CLOBBERED"
error message occurs when an attempt is made to use the counter
to load beyond the end of memory or anywhere in the loader area,
Both of these error types end in drop dead halts. ‘The other
error messages for ambiguous symbols, undefined symbols, undefined
characters, and scaling errors are followed by setting an error
flag in the loader but the loading process continues to edit the
deck for other errors, When the period eard is encountered (period
in C36 that is) if the error flag has been set the loader will
drop dead,

7o The new loader #ill clean up (substitute and initialize only on a
. comma card. The period card now causes a transfer directly to
the periocd cell without a clean up. The initial condition of
the period cell is a drop dead halt, ‘

8o Style F binary cards with no ID can be called for in Bifld two ways:

LOCN OPN ADDR OPN ADDR
aaaa " bbbb)
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Such a card will cause;the punching of style F binaries to
cover the range aaaa thru bbbb, The aaaa and bbbb parameters
must be explicit--that is they cannot be forward symbolic
references,

LOCN OPN ADDR OPN: ADDR

Such a card will set the beginning of range parameter to $000,

LOCN OPN ADDR OPN ADDR
1

Such a card will set the end of range parameter to $000 less
one and will then cause the punching of style F binaries

from the beginning of range thru the end of range. Note that
it is now gimple to punch out routines individually or in

a block but that the resulting binaries will not in general
include the directory which should be punched&X explicitly
as in the following example:

LOCN OPN ADDR OPN ADDR
s ( = 13)

Obviously one should not insert such a card betwesen a pair of
double parenthesis cards,

Punching will be suppressed if the error flag has been sete

Data input is the same as in J136. Floating point numbers intended
for the Johnniac floating peint system must be punched with the
decimal point{which separates the translated exponent from the
significant digits) in C21l. C18 must be punched + ("12" punch) or
- (M1 punch). , '

LOCN OPN ADDR OFN ADDR

+52,12 34456000 +12,3L56
=147,123456789 -,000123456789
*53.12,3 4‘123.

-59. 123 -123, (unnormalized)

Fixed point data is recognized by the binary scaling punched in the
right address field. 0all it b, The limits are O thru LO for b,
The number times.two to the minus b rownded to Johnniac word size
must be a proper fraction, A scaling error message will be printed
if this is not The case or if b is greater than L0,

LOCN OPN ADDE OPN ADDR

+123456769012 39 +123456769012 x 2577
-9123h5678901 0 -,1234567890). x 2

3 123 39 + 123 x 2737
- 123, 3 - 123 x 27
+ 123 39 + 1230 % 2~

12315678 7 -123,45678  x 277



J135A ' LOADER FOR STYLE F ABSOLUTE BINARY CARDS
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J135 is a one-card self-loading routine which loads

Style F absolute binary cards from the primary feed. After
bootstrapping its way into HSS the routine selects the

primary feed and executes the control instruction which is

punched ih C20_40 of the 9 row of the incoming card with the

information word in 041—80 of the 9 row in the accumulator.

Coo-40

then processes the 8, 7, ..., 12 row in the same way unless

will usually contain a store instruction.

The routine

control is taken away from J135 by a transfer instruction in

Cog-yo ©f some

processing all rows of the incoming card, then the routine

will select the primary feed for another card and contilnue.

rov.

If the control remains in J135 after

The MQ is used by J135 to count the 12 rows.

After bootstrapping into HSS, J135 looks like:

Storage: 0001-

No error stops

Program available as

It is interesting to

LOCN

0001
0002
0003
0004
0005

0005

OPN

100
101

075
010

(in octal)

ADDR

0000
0003

0117
0001

J135A.
note that although J135 is a self-loader,

OPN

004
014

002
000

ADDR

0005 .

0003

0002 .
4000 -

<, &t
Loy
s

. CLLK
TIL

.
3

W

LD
TR
F G i agied
TLe 4
E) ]
f" J g} 5} "—§ L?"‘;‘(a.%’

] ir\

it carries idéntificaﬁion,and further thate® the J135 card itselfl

is in style F.

J.C. Shaw
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J136A LOADER FOR STYLE E PROGRAM AND DATA CARDS

J136 is a self-loading routine which loads Style E program
and data cards. The loader loads instructions with absolute,
relative, and symbolic locations and addresses in either octal
or decimal. Operation codes must be in octal. Data words of
two forms are accepted: fixed point decimal data punched with
decimal point and a speciflied bilnary scale factor, and floating
decimal data of the form used by J102.

The princlple of the loader 1is straightforward: convert
the location, convert and store the word to be loaded, continue
this process with the other words of the routine to be loaded
until the end of a routine is indicated by a punch in C36 at
which time sweep back over the routine just loaded filling in
absolute}equivalents for symbolic addresses which were undefined
 when first encountered, wipe out the Symbol Table in prepara-
tion for another routine, then begin loading the next routine
or begin execution according to the punch in 036'

Locations and addresses are four character fields and will
be converted base ten unless prefixed by a fifth character (by
convention a comma) to indicate base.eight. Blank columns are
everywhere numerically equivalent to zeros but logically dis-
tinct from zeros. Relative locations and addresses consist of
a character ( A through 2, #, $) followed by a three-digit
nhumber. When a relative location or address is converted 1its
Aabsolute equivalent is formed by adding to the three-digit
number the contents of the cell reserved for the character by

the loader. A character is "defined" by loading a non-negative
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integer < 4096 into the cell reserved for the charécter. It
at conversion time the character part of a relative location or
address 1is still undefined (as indicated by a negative number in
the cell reserved for the character) the loader will halt. A
character may be redefined at any time in the loading process
by loading the new number into the cell reserved for the char-
acter.
i The initial condition of the loader allows for 100 symbo%f:]
(* O through * 99) but this number may be changed at will by
the programmer. A symbolic location or address consists of an
asterisk followed by a three-digit number. One word is allowed
for each symbol in the Symbol Table. When & symbolic location
is encountered the loader verifies that the symbol has not pre-
viously been defined, then defines the symbol by storing the
value of a counter (cell 43 corresponding to the character "$")
in the Symbol Table. The loader prepares to store the word to
be loaded in the cell indicated by the counter, converts the
word, advances the counter by one and stores the word. When a
blank location is encountered the treatment is identical to that
for a symbolic location except, of course, there is no symbol %o
define. Notice that the countér is automatically advanced only
for symbolic and blank locations. In converting a symbolic
address the loader replaces the symbolic address by its absolute
equivalent if the symbol has been defined, otherwise an entry
is made in the Forward Reference Table so that when loading of
the current routine is complete the loader may go back and fill

in an absolute address for the symbolic address. If the symbolic
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address 1s still undefined (as indicated by a negative number
in the Symbol Table) the loader will halt.
When Cyg is punched ("12" for +, "11" for - ), the loader

willl interpret the card as contalning a data word of the follow-

ing format:
018 contains the sign
019_30 contains the number with decimal point
or an integer < 239.
031_35 is blank for floating declmal numbers or,

in the case of fixed point numbers, con-
tains "q" (0 < q < 40) where 2"% 15 the
desired scale factor to apply to the
number to scale it down to a proper
fraction for internal use. Floating
point numbers are converted exactly,
fixed point numbers are rounded.

The loader interprets a punch in 036_as indicating the end
of a routine. The loader fills in absolute addresses for symbolic
addresses noted in the Forward Reference Table, then it clears
the Symbol Table to -1's in preparation for another routine and
finally transfers to the cell corresponding to the punch in 036'
If the punch is a comma, the loader will be reentered for load-
ing another routine. If the punch is a period, JOHNNIAC control
will pass to cell 27 which according to convention will have
been loaded with a transfer instruction to the beginning of the
master routine for the program just loaded.

J136A is designed for a master routine-subroutine approach

to a problem with relative addresses for blocks of data, symbolic
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addresses for internal references in routines and (by convention)
a special set of relative addresses using the character "#" for
links between routines through a directory provided by the pro-
grammer.

A small limitation of J136A is that forward reference
symbolic addresses are not permitted in words having absolute

or relatlve locations.
Timing: Loads at full speed except for cards punched in 036’

Storage: O =~ (499)lO can be varied.
Program availlable as: J136A.

J. C. Shaw



IDENTIF. LOCN OPN ADDR OPN ADDR | COMMENTS

1111111l112222222222333333333344444444445555555555666666666677777777778
1?345678901234567890123456789012345678901234567890123456789012345673901?34567890

SAMPLE 1000 020 1234 024 4095 ABSOLUTE DECIMAL LOCATION AND ADDRESSES.
SAMPLE : 21750 02092322 024457777 ABSOLUTE OCTAL LOCATION AND ADDRESSES-
SAMPLE Al23 020 Al23 010 # 13 RELATIVE LOCATION. AND ADDRESSES.

SAMPLE * 35 020 * 50 024 * 51 SYMBOLIC LOCATION AND. ADDRESSES. -

SAMPLE $ 1000 SET THE COUNTER TO 1000 AND PRESET TABLE
SAMPLE $ $100 SKIP THE COUNTER 100e - °

SAMPLE $ A O SET THE COUNTER EQUAL TO AOOO.

SAMPLE A - 2000 SET A EQUAL TO 2000s '

SAMPLE A $ 0 SET A EQUAL TO COUNTER VALUE.

SAMPLE # 10 010 $ O 014 3 O SET DIRECTORY FOR ROUTINE: WHICH FOLLOWS.
SAMPLE 61234.,5678901 11 FIXED POINT DATA, Q EQUALS 11l

SAMPLE ~123456789012 39 FIXED POINT DATA, Q EQUALS 39. .

SAMPLE £524123456789 FLOATING POINT DATA FOR J102.

SAMPLE . 010 # 1 . SET LINK TO ROUTINE, CLEAN UPy KICK OFF.

\LVX//W(f’ % @ "/G‘\ 52, /l«’r 75”&@ S ‘*’f‘-»f fh\gjac ‘.;c::\) PRy
,,V “ M—R;,W @cuw(’ (/@\\,M/«v" a//afu\’w,

T ot ~{A"L_ Wqﬁ/\.«éﬂx %,



NIA

0034

0167
0220
0244
0252

0275

J136A

- ) o

J130A PROGRAMMED HALTS

130 0033 134 0033
010 0173 134 0166
001 0220 134 0217
002 0244 134 0243
130 0251 020 ----

002 0275 134 0274

(in octal)

Reason

No link to beginning of program.

Ambiguous symbolic location somewhere —
in the last region, or symbol table
wasn't preset to -1's. PR, 00 o161, PR

Too many forward references in the =
current region.

Undefined symbol in left address
somewhere in last region. PR, 0/0 0243 PR

Undefined symbol in right address
somewhere in last region. Pr,cmr

Undefined relative location or address <=
on last card. PR, 010 0173, PR



J137B MANIPULATION OF ARRAYS
JI3NE

J137 1s intended for use in manipulating sets of quan-
titlies systematically distributed in the memory. The follow-
ing definitions are basic:

An array is a doubly indexed system {51,3} of cell ad-
dresses, such that

= 8 + ol + BJ (modulo 2'%)

IN

i<m
J<n
. An array 1is completely specified by the quantlties a, B, m,

84,3
0
0

I

n and a. By the designator of such an array we shall mean an

address, A, such that information defining the array is stored
in A, A+l, A+2 as follows:
A 000 a 000 B

A+l 000 m 000 n
A+2 000 0000 000 a

J137 allows the manipulation of the contents of arrays(l),
by referring only to their designators.
] 1
J137 will place f((ai’J), (ai’J))' in a ., for each
i,j, where {a and Ja! are arrays and f(x,y) is an
i,J i,J _
arbitrary function.

Calling Sequence for J137
e RA e TRL  XXXX

o+l 000 A 000 A
e+2 (<~ W ~) Control returns here.

XXXX is the first word of J137. A and A' are designators of

(1) The contents of an array {?1 J} 18 the doubly indexed set
3
of numbers {Fai J)}' We denote the contents of x by (x), for
3

any address X.
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arrays {éi,J} and {ai,d}.
W 1s an instruction of the form TRL YYYY or TRR YYYY.
YYYY is an address at the left or right (depending on W)
of which 1s situated the entry order of a routine, F, which
computes f(x,y) given x in the accumulator and y in
2.0000. F must exit to the right of XXXX with f (x,y) in
the aécumulator.
Note 1: J137 will not use the m' and n' associated with A'
but will assume m' = m and n' = n. There need be no relation
between a, a', a, a', B, B'.
Note 2: Each of the quantities (24,,) and a', ) will be
operated upon by F exactly once so that F may compute

various types of cumulative information, such as § (ai J)°
P
i,

Note 3: At the time that (ai,J) and (bi’J),are operated upon
by F

m-1 18 stored in 2.0002

n-J 1s stored in 2.0001
Hence, F may compute the indices of those (ai,J) and/or
(bi,J) having certain properties.
Note 4: F can be made vacuous by having W = TRR XXXX. This
will result in the contents of ai,d belng replaced by those
of 2y, 40 i.e. the array {kai,J)} being transferred to {éi’JB.
Note 5: If F uses a subroutine having an erasable region,
this region must be different from the erasable region of
J137. PFor this reason, region 2, rather than region 1, was

used.

continued
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Region 2 - erasable - (see note 5) 6 words
Region 3 - 3710 wqrds
Program Stops: None (except possibly in F).

Program available as J137B.
JI37E,

Norman Shapiro
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J138B MULTIPLICATION OF ARRAYS
TI139E

J138 forms the scaled matrix product of two arrays in

a third array(l).

Calling Sequence:
e "RA © TRL XXXX
e+l 000 A 000 A!
e+2 (< 8 =) 000 A"

6+3 Control returns here.

where A, A', A" are array designators and S 1is a shift

instruction. After execution of J138(2).

" J.’n
1
(a) ) = }; B(ai’J’ aJ,k)' 0<1<m
J= 0O<k<n'
8 denotes the effect of the shift operation, 8, on the
double precision product ai,J’ aJ,k'
Note 1: J138 will not use m', m", or n", but will assume
m' =n, m" = m, and n" = n'.
Note 2: An additive overflow will turn on the overflow
toggle with control at the right of 3.0041.
Note 3: If the scaling is such that it is preferable to shift
right and add from the MQ rather than shifting left and adding

from the accumulator, then change two words of J138 as follows:

3.0041 000 0000 RA  2.0005
3.00%2  AQS 2.0005 RA 3.0040

(continued)

(1) See the write-up for J137 for terminology.
(2) Let A designate {ai,J}’ A' designate {ai,d},' etc.
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Region 1 - erasable - 6 words
Region 3 - 5210 words

Program Stops: See note 2.

Program available as J138B
JIFE

Norman Shapiro
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OBSOLETE

0F|_‘o 160 oM

J139A MATRIX INVERSION

J139A will solve systems of equations and/or invert
matrices of order n (1 < n < 40). All arithmetic for this
routine 1s carried out in double-precision fixed-point to

guarantee maximum accuracy.

The matrix of coefficients and the right-hand side for
this routine are input in decimal, one per card, having the

following format:

Col. Contents
17-19 . J (1 <J<n) J=0 for the right-hand side
20-22 1 (1<1<n)
2427 Integral portion of a1J
28-33 ~ Fractional portion of a,
34 Sign (Blank is +; 1 is minus)

The remainder of the card may contain any information desired.
It 1s not necessary to enter the zero elements of the
system since HSS is cleared to zero from 610 through 4095
each time the Input routine 1s called for. The elements
may be in any order. Each matrix or system of equations must
be headed by a single card with the order of the system, n, in
J and cols. 20-34% blank, and followed by a blank card to
' signify the end of the deck. (This input format is the same
as the JOHNNIAC simplex code.)
As many systems of equations to be solve or matrices to
be inverted as desired may be entered behind the program
deck, Just so each deck has the proper header card and 1s

followed by a blank. Two additional blank cards are necessary
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at the very end of the deck.

The following things may be done with J139:

1) To obtain just the solutioﬁ to one set of equations
and no inverse, put Hl on.

2) To obtain the solutions to more than one set of
equations and no inverses, put Tl on.

3) The inverse of the matrix 1s punched in binary for
later use with J141A; if this is not desired, put T2 on.

4) The inverse of the matrix is printed row by row;
if this 1s not desired put T3 on. (The solution to the
system of equations is always printed; in the case where no
right-hand side was entered, an n-order vector of zeros is
printed. In addition, following the computation of the
actual inverse a check vector of order n is printed which
should be all 1's. The difference between 1 and the actual
values printed 1s a measure of the accuracy obtained.)

5) To invert a single matrix, put H2 on; for more than
one matrix,leave H2 off.

The deck is put together as follows: J139, header
card (n in J) coefficients (and right-hand side), a blank,

header card, eﬁc., two blanks.

Program Stops:
NIA = (0055)gs, No header card for matrix or i or J
| is greater than n.
NIA = (0025)8 Hl on, System solved. Hit GO to go on
and invert the matrix if T1 1s not on,

or read in next matrix if Tl is on.
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NIA = (0152)8 The matrix is singular or poorly conditioned.
NIA = (0317)g Overflow, rescale the matrix.
NIA = (0052)8 H2 on, Matrix inverted, hit GO to read in

next matrix.

J139 uses all of HSS and the Drum.

Program availlable as J1390A.
Time: The only estimate avallable is for inverting a 24 order

matrix -- this took roughly three minutes of computing time.

M. I. Bernstein
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J140A CLEAR HSS TO ZERO

J140 is a one-card seif-loading routine which clears
HSS to zero and then effectively hits the load button for the
next card in the primary feed.

'Timingi One second

Program available as J140A.

J.C. Shaw
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J1U41A INVERSE TIMES VECTORS '

J141 will multiply a matrix (as obtained from J139A or
J143A) onto column vectors of the same order n (1 < n < 40).
The vectors are punched one elemeﬁt per card in the same
format as the 1inputs for J139A. The elements of a vector do
not have to be in order on 1. The matrix 15 in binary
style D.

Each vector in read in and the product is computed and
printed before the next vector 1s read in. 1In printing the
product vector, the J which appeared in the last card of
the vector is the J 1indicative printed with the product
vector. J 1s i1gnored in the other vector cards.

The deck is made up as follows: |

. J181A
. Binary matrix followed by one blank card.

" " " n "

1

2

3. PFirst vector followed by one blank card.
4, Second vector

k kth veétor " " " 0" "

n Last vector followed by one blank card.
n+l A'stop" card with 1 > n and 2 blank cards.

The product vectors are printed [:%%T;] per page where
; [ ] denotes the greatest integer in, and n the order of the

system.

(continued)
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Program stops:
NIA = (0174)8 an 1 of the vector being read in is
greater than n, or the end of the computation.
J1U41 uses all of HSS.
Program available as J141A.

Morton I. Bernstein
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J142E PUNCH STYLE F BINARY CARDS

J142 will punch a block of storage from location "a"
through location "b" in style F ready for reloading.’ 01_19
are left blank in the cards punched.

Calling sequence: 026 g 0OO00O# O
000 a 000 Db
Control returns here.
Program length: 16 words (completely self-contained).
Highest symbol used: * 23 |
No program stops.
Program available as J1U42E
Timing: Punches at full speed, 100 cards per minute.

J. C. Shaw
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OPSoLETE

J143A MATRIX ASSEMBLY O'Fro 160 oM

J143 assembles a matrix of order n (1 < n < 40) into
binary for use with J141A in place of the binary inverse
obtained from J139A.

The inputs for J143 follow exactly the same format and
rules as the inputs for J139. It is possible to assemble
more than one matrix with J143, Jjust so each matrix has the
proper header card (see J139 write-up) and is followed by
a blank. After each matrix i1s punched there 1s a 13X stop
with NIA equal to (0127)8. To assemble the next matrix, hit
GO.

Program stops:
NIA = (0055)8, No header card for matrix or 1 or J is
greater than n.
NIA = (6127)8, Assembly completed.
J143 uses all of HSS.

Program available as J143A.

M. I. Bernstein
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J144B

JL44E DEBUGGER -- CONTINUOUS PRINTING

J14l4 is intended to serve as an aild in debugging programs.
Its purpose 1s the tracing of the activities of another program,
periodically printing information which the programmer may use
in diagnosing his difficulties. In order to facilitate the
description of J144 we will adopt certain definitions. .The
concepts involved correspond, loosely speaking, to the informa-
tion on a P. R. card. Suppose that a JOHNNIAC instruction has
Just been completed.

Control Counter: The NIA diminished by one, 1l.e., the address

in memory from which the last instruction was obtained.
Note the meaning of this in the case that the last instruc-
~tion was a transfer order.

Orientation Character: A symbol which 18 zero if the instruc-

tion Jjust completed was a left instruction and one if it

was a right instruction.

Overflow Character: A symbol which is zero if the overflow

toggle is off and seven if it is on. (See Note 4)

Accumulator: The word in the accumulator.

MQ: The word in the MQ register.
Referenced Word: Roughly speaking the contents of the memory

register, more precisely the contents of the cell whose
address 1s the address part of the last instruction.

‘Instruction Word: If the last instruction was-at the left (i.e.

if the orilentation is zero) this is simply the contents of
the instruction register. If the last instruction was at

the right this 1s the contents of the instruction register
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shifted half a word (21 bits) to the left. Note that in
either case the last instruction appears at the left of

the instruction word.

To use J144, have in the left half of the accumulator a
transfer instruction which, if executed, would transfer control
to the point in the programmer's program (hereafter called "the
program") at which tracihg is to begin and transfer control to
the left half of the first word of J144 (3.0000). Then, inso-
far as the programmer need be concerned, his program wlll be
executed just as though he had transferred to the appropriate
point in his own program. This statement is true only with the

qualifications in the notes below.

Note 1. The tracer will periodically print three lines as
follows:

Pirst line: an indentation, a five-character identifica-
tion word (giving the cause of the print-out), the control
counter, the orientation character,and the overflow character.

Second line: Theinstruction word and the referenced word.

Third line: The Accumulator and the MQ.

All these quantities will be with respect to the program being
traced and will therefore be distinct from the control panel
readings. The conditions under which a print-out will occur

appear in the notes below.

Note 2. The tracer will not attempt to supervise the execu-

tion of input-output (10X) instructions. When such an instruc-
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tion 1s encountered it will print out (see note 1), with an ID
of 66666 and then transfer control to the point in the program
from which the instruction came. Note that tracing will
therefore stop; the program will then be executed directly;

even after input-output is over.

Note 3. All control panel switchés should be in the same posi-
tion they would be in i1f the program wére being directly exe-
cuted. The tracer will cause a machine stop if and only if

the program has a stop. The sole exceptlons to the above
statements are the overflow ignore switch and overflow stops;
the\overfiow ignore switch should be on during tracing and

there will be no overflow stops (see note 4). At a stop, press-
ing the GO button will restart the tracer. The only registers
which will be correct (from the programmer's point of view) are
the MQ and Accumulator. The stop will have the same cause as

in the direct execution of the program.

Note 4. If an unexpected overflow occurs, i.e. if an instruc-
tion which causes an overflow is followed by an linstruction
other than TFL or TFR the tracer will print out (with an ID of
T7777)s turn off the overflow toggle and resume tracing. This
feature can be suppressed by having a negative quantity in the
4th word (3.0003) of J1l44. This can be done either by internal
programming or adding a single punch to the deck on which J1l4dh
is loaded. If this 1s done the overflow character will always

! \

appear as zero on print-outs.

Note 5. In addition to the print-outé mentioned above, there
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will also be a print-out (ID = 00000) after the completion of
evefy instruction. The programmer has the option of suppress-
ing some of these print outs. This can be done by changing the
left address of 3.0001 to the addresé of an entry word to a
routine which selects the conditions under which print-out is
to occur. This routine should‘transfer to the left of 3.0002
if| a print-out 1s desiredy and to the right of 3.0002 if np
print-out is desired.
Region 3. 2308 - 15210 words.

Program stops - See Note 3.

Program available as J144B
J144E

Norman Shapiro
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J145B
J145E DEBUGGER -~ PRINT ON TRANSFER

The write—up for J145 i1s the same as that for J144 up to
but not including Note 5.

Note 5. In addition to the print-outs mentioned above, there

will be a print-out (ID = 00000) after the completion of every

transfer.

Region 3 - 2268 = 15010 words.

Program stops - See Note 3.

Program available as‘J145B
: J145E

Norman Shapiro



12-8-55

J146B

J1U46E - DEBUGGER -- BREAKPOINT PRINTING '

The write-up for J146 is the same as that for J144 up to
but not including Note 5.

Note 5. In addition to the print-outs mentioned above there

will be a print-out (ID = 00000) after the completion of every
left instruction such that the word from which the instruction
was obtained has a 1 in the 2'19 bit (the left-most of the two

unused bits).

Region 3- 2278 - 151lo words

Program Stops. See note 3.

Program available as: J146B
J146E

Norman Shapiro
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JLMB  DERUGGER -- SELECTIVE CELL PRINTING
J147E : .

The write-up for?Jlu?iia the same as that for J144 up to
but not including Note 5.

Note 5. In addition to the print-outs mentioned above there
will be a print-out after the completion of every non-shift

instruction (left or right) whose address part coincides with
one of aispecified 1ist of addresses. This list i1s specified

as follows:

e 000 4, 000 0000
o+l .
o+n 000 A, 000 0000

e+n+l 100 0000 000 0000

where the specified addresses are Al,. s o3 An' At the time of
the original entry to the tracer (in 3.0000) the MQ should have
© in the left address.

Region 3 - 2418 - 16110 words

Program stops - See note 3.

Program avallable as:J147B
J147E

Norman Shapiro
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J148E PUNCH STYLE F WITH I.D.

J148 will punch a block of words in style F from
location "a" through location "b", Identification specified
in the calling sequence is punched in Cl~5 of each card

and a sequence number 001(1)n is punched in C6-8‘

Calling Sequence:

a 020 § 0 010 #o0
a+l a b
at+2 X,
o+3 Xy
at+4 xq
a+5 Xy
a+6 Xg

a+7 control returns here
where Xy X, x3 xu'x5 is the 1den;1f1cation in the Easy Fox
character code.
Program length: Main program - 104 words
Region A (erasable) - 15 words
Highest symbol used: # 50
Timing: Punches at full speed, 100 cards per minute.

Program available as: J148E

M. Shapiro
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EJlugB
- J149E JOHNNIAC BLOCK TRANSFER TO AND FROM DRUM WITH TALLY

J149 48 a "fanoy" version of J120. The calling sequence
is as follows:
a RA o TRL XXX (Arbitrary Symbol)
a+tl Op. B OpO Y
a+2 000 f 000 )/

~o+3 Controls returns either left or right. (See
' below.)

where Op "{YD if transferring from HSS to drum

RD if transferring from drum to HSS
= first HSS loc.
= last HSS loc. ‘
drum position (0, 1, or 2)

= first drum address of position p

S = T - T B s
[

= last drum address of position p allowable.
J149 does not assume v > 8. However, 1f B8 > vy, then f >'z
must also hold. In this case, the interval Ey, B} in HSS

is stored on the drum so that contents of B8 go to f, contents
-1 go to f-1, ete.

The purpose of £ 1s to provide a check against writing
over good information or going past the end of the position.
If the interval [f £] (or [£, £]) 1s smaller than [B,v]

(or [y, B]), then reading or writing will not occur and con-
trol returns to the left command of a+3. Otherwise, control
returns to the right command of a+3 with the left address
part of the accumulator containing the next available drum
address, £+, i.e. |
f* @ £ + (y-B)+l if > B
= £+ (vy-B)-11f B > v.



giggg JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM

Program Storage: 2960, - 4095, 4 (56204 - 77778).
All of the Floating Point Operations are recognized 1in

t

their mnemonic forms by J100, J118.

LIST OF FREQUENTLY USED LOCATIONS

Dec. Octal Contents
2960 5620 First Location of Interpreter
2963 5623 020 |I CTR.] 050 5644
2980 5644 - I Register
4o41 7711 Error Halt Location
3040 5740 Trap Register - BRKPT
3041 5741 " " - All Orders
3042 5742 " " - Transfer
3656 7110 AMQ Exponent
3658 7112 AMQ Mantiss ]

. 3708 T1T4 o2 [ aq, f 025 7016 - Square Root Shift*
3733 7225 022 7122 076 [ 4q, ] - Series Shift#*
3999 7637 Series Test Number#

3064 5770 Index Register A

3056 5760 " " B

3052 5754 " " C

3050 5752 ! " D

3049 5751 " ; E

30)_}8 5750 1t 1" F

3597 7015 Integer - Zero

3598 7016 " - One

3606 7026 Integer - Nine

3615 7037 " - Pifty

3634 7062 " - Ten exp zero
3635 70@3 f - f T One
3643 7073 Integer - Ten exp. Nine

Program available as: J150B
J150F

th

* Let.An'n f(n+l) - fn’ where fn is the n approximation to
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the function f. The test for convergence of fn+l to
is then made to depend upon the sign of lAni - 279 _ 7,
Z 18 always 2'39 for the SQR operation. For the ART, EXP,

and LOG operations Z 18 the serles test number. The

serles test number is ordinarily equal to 2—39 for these
three operations, but it can be modified by the user.
However, the series test number is usually reset to 2'39
upon execution of a SIN or COS operation. For the SQR
oberation q 1is q1 and qy is ordinarily set to 5. However,
q, can be modified by the user. The same situation holds
for the SIN, COS, ART, LOG, and EXP operationé with q
equal to a5

John Derr
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The four trigonometric functlons developed and their

locations are:

8in

cosS

Eiﬂﬁg;l in location 1.000 and in MQ

Egégg—z in Accumulator

Range: - 1 <y < 1 (in radians)
Entered with y in MQ
Calling sequence:
| a 020 o 010 XXX
a+l Control returns here.
Region 3’- 32 words
Region 1 (erasable) - 3 words

Program avalilable as J151B
J151E

M. Shapiro
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J152B
J152E DEBUGGER -- BREAKPOINT PRINTING
The write-up for J152 i1s the same as that for J14d

up to but not including Note 5.

Note 5. 1In addition to the print-outs mentioned above
there will be a print-out (ID = 00000) after the completion
of every left instrﬁction such that the word from which

the instruction was obtained has a 1 in the 2°°° pit (the
right-most of the two unused bits).

Region 3 - 2278 = 15110 words

Program Stops. See note 3.

Program available as J152B
J152E

Norman Shapirc
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J153A CLEAR HSS TO PRESCRIBED WORD

J153A 18 a one-card self-loading routine which clears
the HSS to the word placed in the right half of the 12's row
and then effectively hits the load button for the next card
in the primary feed.

Its principal suggested use is to clear the HSS to:

130 0000 130 0000.. If this is done and a program error
causes transfer to a word not previously affected by the
program,»there will be a halt and no information which may

be useful for debugging purposes will be destroyed.

Program available as J153A.

Norman Shapiro



gigﬁg SINE - COSINE ROUTINE FOR Y 1IN RADIANS /7

Depending upon the argument y supplied in MQ, this

routine develops ) sin © or 4 cos 6 in A (6 in radians).

Argument Range Functicn Developed'
Y = o/T -1 <y<1 3 sin 6
y=471 % -l<y <l % cos ©
2] 1 + 0 . o
If > or s - — cverflows out of the 27 position from left

shifts or additions, the'resulf is unaffected because

sin (6 + 2nw) = sin ©.

2"39

Accuracy: Error less than 3 x , in particular:
y |error|
0 ox 2739
3 o x 2-39
-3 0 x 273
-1 0o x 2737
1/6 o x 2739
5,/6 1 x 273
-1/6 1 x 2739
" -5/6 1 x 2—39

Duration: Approximately 15 milliseconds maximum.
Entered with y in MQ.
Calling Sequence:

a 020a 010 XXX
a+l Ccntrol returns here

Region 3: 25 words
Region 1: 3 words (erasable)

Program available as J154B
J154E

Note: This program was developed from the University of
Illinols Code T5-157 prepared for the ILLIAC.

Nancy Brooks
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J155E PRINT INSTRUCTIONS WITH DECIMAL LOCATIONS, OCTAL
OPERATIONS, DECIMAL ADDRESSES

J155 1s a closed subroutine which pfints ﬁhe contents
of a block of storage from "a" through "b" (b > a) as
instructions. The instructions are printed one word per
line with octal operations and decimal address parts. The
lqcation of each word is printed on the left in-dec;mal.

A block of one or more zerc qprds'is indicated by a single
blank line. The printing rate 18 900 lines per minute

except when passing cover zeros.,

Calling Sequence: 020 $ 0 010 # O
000 a 000 b
Return

Highest symbol used: * 57
Storage requirements: 104 words

Progfam available: J155E

J. C. Shaw
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J156B

1/p
T126E INTEGRAL ROOT x

This routine computes the pth root (p, a positive.
integer, 1 < p < %095) of a 39 binary digit real argument X,.
-1 <x<1l. If p is even and X 1is positive, the
positive root is found.

Speclal cases:

X P ' root Time required

1. 0 ‘ 0<p<hoys 0 0.5 ms.

2. Negative even halt,0 if GO

3. -1 odd -1 1.6 ms.

L, Ix] <1 B X X neg. 2.0 ms.

X pos. 1.0 ms.

5. Ix] <1 0 halt; O if GO

6. x| > l-px2'39 p > +(l—2~39) with x neg. 2.3 ms.
" sign of x X pcs. 1.4 ms.

Program stops: 3.017 p equal to zero. (Il GO is pressed,
~root 1is set to zero.)

3.029 p even and x negative. (If GO is
pressed, root is set to zero.)

Calling Sequence: X in MQ
a 020 a 010 XXX
a+l

a+2 Control returng here

Exits with x2/P 1n .

Accuracy: |error| < 2=39

Approximate Time:
For the special cases, the time required is given above.
In general, the time required varies directly with p

and indirectly with x. Some typical times in miili-



seconds are given in the following table:

x = 0.1
P
2 35
3 b5
4 55
10 130

For large values of p and small values of x

0.2 0.3
30 30

ks 4o

50 50
125 120

increases rapidly.

Program length:

4 words in region 1.

005

.30
ko

45

105

0.8

25
35
4o
90

33 words in region 3.

J1l50
-2-

the time

Note: This routine was adapted from Illinois Code R2-105

as programmed for the ILLIAC.

Nancy Brooks
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J157E ZEROS OF A POLYNOMIAL WITH COMPLEX COEFFICIENTS -~
FLOATING POINT -
J157 will evaluate all of the roots of an nth degree

| polynomial equation of the form
n

Ei c, 21 = 0,

where Ci is a complex number for i = O, «++5> n and n < 50. Eacﬁ
root is computéd as a complex number and, furtherfore, the norm
of the remainder obtained by dividing the reduced polynomial by
the computed zero 1s supplied for each iero evaluated.' J157
must be used in conjunction with the Floating Point Interpretive
System. . »

J157 is entered by basic linkage. Before the callingv
sequence 1s executed, however, the coefficients of the given
polynomial must be in conééoutive H. 8. 8. locafions as f@llows:
c R . real component of Cn in floating point internal;férm

n
c 1

n 11 " 1" n " n Cn

= Imaginary

- ses s

COR = real component of Co in floating point internal form

COI = 1masinary (1] " " " " " ] 1 }'

Now if C,, = O, let N be such that Cy ¥ 0 and Chey = CNﬁQf' vor
= Cn = Q.

Calling Sequence:

a 020 $ O 010 # 0O Link to J157
o+l 000 L(CnR) n  L(N)

a+2 Control returns here
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N
Let 9, be the Jth root of f(2) = 1 Upon execu-
J c, 27 = 0. .

tion of the basic link, J157 will proceed to find the zeros
(Ql, cees QN) of the reduced polynomials g(Z) of f(Z), one at

th order mul-

a time, except in the case when Q 1is a zero of K
tiplicity. (In the latter event Q 1is evaluated only one time,
but it 1s counted as K roots with respect to the output of J157).
The roots Q,, together with lg(QJR)|+Ig(QJI)I, are stored in
consecutive H.8.S. locations beginning with L(N)+1 and ending

with L(N)+3N as follows:

won o omtaT [ew®eemD]
LN+ a," 2, |a(0,F) |+|a(e,D)|
(L(N)+3N-2 ANR ;NI ,g(ﬂNR)';'s(ONI)'

N i1s a fixed-point integer. All other numbers are in the

floating-point internal form.

Description of the Method

The basic process used is Newton's method, 1.e. if Zn is the nth

approximation to a root {l, then
g(2,)

z ——
g'(z,)

n+l = 2n

The criteria for convergence of Zﬁ to 1 requires that

g(Zn)

z ——n_
g'(z,)

n+l f %y

n satisfy the inequalities
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*
a2, | < |zn|-1o“7 and lAanI < ‘an|~1o‘7. Hence |g(a®)|+|g(a®)]
yields an independent check on the accuracy of the calculation of Q.
Note that this latter check involves an absolute error with
respect to the polynomial, whereas the convergence criteria is
based on a relative error with respect to Zn'

In the case of a repeated root Q of degree K, K > 1, Newton's
method is rendered inadequate on two accounts. The convergeﬁce
becomes linear rather than quadratic and the number of good

by a factor of at least two since '

significant digits in Z  is reduced/ g'(Zn) —> 0as 2, —> 0. As
a result, g(zn)/g'(zn) bécomes the ratio of two relatively small
numbers. Here, the baéic pfocesa is modified as follows: Let
L be the first integer, L3 1, such that |gL+1 (Zn)l > Q*€ (Here
we will omit the details concerning the explicit identity of
Q and €. Let it suffice to say that the test is relative versus
absolute and that gL+l (Zn) is bounded away from zero.) Now

(k-L) &" (2,) (k-1) g (z,)
Z w Z - andAZn @ - YT

g’ " (2,)

n+l n 1+1
g (Z,)
Using this new form of/_\Zn the test for convergence is the same

as described in the preceding paragraph. Also the modified process

is 8till at least a second order process.

Convergence and the Choice of Z

When the computation for any root § begins Zo is computed

either as a function of CO or as the conjugate of the immedlately

#The second inequality is designed to cover the situation
where the imaginary component of f can be much larger than the
real component of @ and the real component 1s the only one de-
sired. Problems exist in the field of dynamic analysis, for
example, where this type of convergence 1is desired.
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preceding root. The_iteration will then proceed to compute Zn+l

as lindicated above until either Zn+l converges to 2 or n = 13,

In the former case (the ordinary case), we are through. 1In the

latter event a new Z, 1s computed as a different function of Coe

This time n is allowed to reach 13 + 10 = 23 before a new Zo is

computed. This process can be repeated until the Yth value of

Zo has been computed. If convergence has not been achieved when

n=13+ 610 = 73, then the program will halt.

In order to give the user some insight into the reasons for

selecting such an elaborate system for computing 2 o’ We might

outline some of the pathological cases which might arise and do

not fit into the standard convergence pattern. We first dis—‘

tinguish two fundamentally different causes for abnormal conver-

gence.

I.

II.

Newton's method 1s not, precisely speaking, an "error-
squaring" process. In fact, it need not even be convergent

at all. Basically (az) Qe @Az)a COnvergence 18

n+l
guaranteed if lq @AZ) I(l, but the rate of convergence still

depends directly on q. If Iql 1, the convergence misht
be very slow. As an example of non-convergence consider
the case where g'(2n) < Q, € and g(;ﬂ) > Q€ t.e.

2, 1s very near a root of g'(Z) = 0 which 18 not a root of
g(z) = 0.

Cycling can occur in this method due to two diverse causes.
(By cycling we mean that a finite sequence (Zal, Zaa, cees

Zam) of root approximation values are taken on 1n a cyclic

manner. )
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A. The propagated error which accumulates in the calcu-
lation of g(zn) and g'(zn) is so great that the con-
vergence criteria cannot be met. This sort of cyeling
becomes more probable as the degree N of g(Z) increases.

B. A geometrical symmetry exists among the roots of g(Z)

relative to the approximation value Zn.

Notes

(1)

(2)

(3)

A Halt (130 operation) will occur if the process does not

converge. If the GO button is pressed, 2 wlll be placed

n+l
in the root output storage and the program will proceed to
evaluate the roots of the reduced polynomial.

The'roots are usually Iln error only in the low order two
digits of the mantissa. The accuracy of a root varies,
naturally, with the degree of the original polynomial and

the position of the root in the sequence (Ql, cees 8
th

N).
The evaluation of the n roots of unity is probably more
difficult than the "average" polynomial occurring in
practice due to the geometrical symmetry of the roots. The
following approximate times were recorded while operating

in the SD Mode:

x3 -1 13 sec.
X2 -1 18 sec.
x3 - 1 1 min. 45 sec.
x° -1 k5 sec. '
x16 -1 8 min. 50 sec.
T -1 min. 20 sec.
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Reg. A 332, words (A O - A 331)*
Symbolic Code: 42210 = 6468 words
Highest symbol used: * 99

J150F 56208 - T177g (gurren§ version of Floating Point Interpretive
ystem

Program available as J15TE.

John I. Derr

*#A132-A331 are available to the user for storing coefficients
for input to J157, i.e. it 1s permissible to have L(CnR) = Al32,
However, these coefficients will not be available upon reentry

to the main program.
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J158A AUTOMATIC COMPUTATION OF THE ZEROS OF A POLYNOMIAL
’ WITH COMPLEX COEFFICIENTS -- FLOATING POINT

J158A 1is an automatic version of J157. The user needs
only to record the necessary input data in punched cards, place
these cards immediately behind J158A, and press the LOAD button.
The roots of the given polynomials will be computed one root at
a time and all of the roots for one polynomial will be printed
after the last root has been computed.

Input Form

Information should be punched in the Floating Point Data
Form as follows:
lst card for a problem
(1) (2) (3) (6)
+ EXP MANTISSA + EXP MANTISSA + EXP MANTISSA ... + EXP MANTISSA
n I -~ BIANK |
| COEFFICIENTS
Any decimal BEGIN HERE

information
for problem ID

order of polynomial .

+ if all coefficients are real
— if any coefficient 1s not real

The coefficlents are punched into consecutive positions of
the cafds beginning with position (3) of the first card and con-
tinuing into the succéeding cards beginning with position (1).
The last card fop each problem must contain a 12-punch (+) in
column 80. If the sign position of the word punched in position
(1) of the first card is (+) or blank, then only the real co-

efficients are to be punched and these must be in consecutive



positions (no gaps). Otherwise, the real and imaginary com-
ponents bf each coefficient must be punched.

The roots for a sequenée of polynomials can be evaluated
by placing the input cards for the polynomials in sequential‘
order behind J158A. Recall that the last card of each problem
must contain a (+) in column 80. If the input cards are
followed by two blank cards, the collator will be on Select
following completion of the last problem.

Output Form

The page will be eJected prior to the beginning of the
first problem. One space will be skipped before the printing
for each problem begins, The numbers printed will be in the
external floating-point form. The print format is that described
for the 013 (PNT) order in the Floating-Point write-up. The

printing for one problem takes place as follows:

A B c
space _ _ _ _ ___ _ _ D — .
Information in position
(1) of 1st Input Card T tn ID
Roots begin here--- - - - - qaf "o 'f(QlR)I + ’f(QlI)’
: R R
Last Root - - - - - - - - . QN QNI IS(QN )' + ,S(QNI)I

Notes:
(1) The program will halt at 1012g if n exceeds 49. If the GO
button is pressed, the program will eject the page and

begin the computation of the next problem.
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Notes (cont.)

(2) A programmed halt at 13708 indicates that the iteration
has not converged. If the GO button is pressed, the
current root approximation will be placed in the root
output storage for printing and the program will proceed
to evaluate the roots of the reduced polynomial.

(3) If N < n, only N roots will be printed.

(4) The user is referred to the J157 write-up for a descrip-
tilon of the method.

Program available as J158A

JothI. Derr
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J159E INVERSE INTERPOLATION, A REAL ROOT OF f(x) = O

This routine searches for the real root x 1in the speci-
fied interval x, < X < X of a function f(x) = 0. An auxiliary
closed subroutine must be provided which, when entered with x
in the MQ with the following calling sequence:

¥ o020 ¥ 010 B
Y+l Control return

returns control to the left order 1n ¥+1 with £(x) in A.

Calling sequence:

Xy inB O
Xo inB 1
@ 020 a o010 d
a+l B Control return with x 1in A

where B is the location of the auxiliary routine.

Restrictions:
1. If f(xl) and f(xg) are of the same sign or if elther
is zero, ﬁo root is found. Such a situation 1s
indicated by a control return with x = -1 in A.
2. In the interval Xy Lx <Xy f(x) must be continuous

and in the range -1 < f(x) < 1.
Range: -1 <x <1

Method: If (x and (xg)n are two arguments of f(x) such that

l)n ‘
f(xl)n and f(xe)n are of copposite sign, linear interpolation is
used to find the next approximation to the root Xg1® The sign
of f(xn+1)vis then compared with the signs of f(xl)n and f(xz)n'

to determine the interval between which the root x 1lies. If
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(xl)n < x < X, qs then (xe)n 1s replaced by X, . ;s f(xe)n is
replaced by f(xn+l), and f(xl)n is replaced by l/?f(xl)n. If,
however, x_ ., < X < (xe)n, then (xl)n is replaced by X, .,

f£(x is replaced by f(xn+l), and f(xg)n is-replaced by

l)n
1/2 f(xg)n. The process is repeated until either

|l/2 f(xn+l)‘ <€ or '(xl)n - (%), | < &
where €1 and 62 are located in ¥ 11 and * 12 respectively. In

the library copy €1 = 2739 ang 52 = 2'38.

Accuracy: for the root x ; €2

for the function f(x) = 0; 261

Duration: [2 t + 3 + n(t-6.5)] ms where n = number of iterative
linear interpolations required to find root, and
t = duration in ms of auxiliary routine which computes
£(x). |

Symbolic Code: 38 words

Region B: 7 words (must be preserved by auxiliary routine;
otherwise erasable). '

Highest symbol used: * 13

Program available as J159E.

Nancy Brooks



J160E CARD TO MOUSE MATRIX(Y)

J160 encodes 80 columns of a card into Mouse matrix form.
Columns 1-40 are encoded intp ce11sz0, ..., B6 and columns
41 -80 aré encoded into CO,';.., C6. Each of the 80 columns may .
contain any 026 keypﬁnch cha;acter.

Before entering J160 an appropriate select order must be
given (100 0000 to read a card from the primary feed or
100 0001 to read a card from the sécondary feed). J160 must
be entered within 75 milliseconds'of %hé select order or a
late copy will reéult(Q). To read cards at full épeed,'the
select order must be given within 3.6 milliseconds of the exit
from J160. |
Calling sequence:

a 020 a 010 B
a+l Control returns here

Highest symbol used: #* 1
Program will stop at the left of word 2 if there 1s a late

copy .
Timing chart:

l <~ 75 ms —> l < J160 - —9-' < 3.6 ms —>

100 000X stepa . ~step o+l

100 000X

A late copy will'result 1f the allowed time between the
100 000X order and step a is exceeded. The reader &111 run at
% speed 1f the'time‘hsed'between step o+l and the 100 000X
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order is less than 3.6 + 250(k-l) and gfeater'than 3.6.+ 250(k-2)
milliseconds. '
Pfogram length:
- 27 words

Region A (erasable) - 4 words, A3 to A6

Region B - 7.words; BO to B6

Region C - 7 words, CO to C6
Available as J160E

M. B. Shapiro and N. Z. Shapiro

(1) For an explanation of the intended use of J160, see JOHNNIAC
Note No. 42

(2) These times are based on 8% 4s for an 02X operation and 89/us
for an 06X operation .



{

- :‘4-75—5%6.1&/'6.1 4| 6.3 64| 6.3 64| 56 63| f4| G4 3.6
Zi Z

J161E CARD TO MOUSE MATRIX WITH INTERMEDIATE COMPUTATION(l)

J161 encodes 80 columns of a card into Mouse matrix form.
Columns 1-40 are encoded into BO - B6 and columns 41-80 are
encoded into CO - C6. Each of the 80 columns may contain any
026 keypunch character.

J161 must be entered 12 times in order to complete the
reading and encoding of a single card. The time between suc-
cessive exits from J161 and succeeding entries is available
to the programmer. Before the first entry to J161 an appro-
priate select order must be given (100 0000 to read a card |
from the primary feed and 100 0001 to read a card from the
secondary feed). If too much time is taken between the select
order and the first entry or between successivé exits and suc-
ceeding entries a late copy will result. (See timing chart
below for detailed times.)(e) To read cards at full speed,
the select order must be given within 3 milliseconds of the
12th exit from J161.

Calling sequence:

ay 020  «a 0l0 B } 12 times for each card
a,+l Control returns here 1i=1, ..., 12

Highest symbol used: * 3
Program will stop at the left of word 2 if there i1s a late
copy.

Timing chart: (in ms)

/

7/ é/é%

\f ( uj:” ot Kgtl  Jelyt) ot t+ 1 LA I L &) oApt | q"“ ¥ r“*l oLt
] | ' ¥ 6
160 bOOX =y " % ) %y Ks %t %y Ag *“q %o % S 100 000X

Shaded areas are J161. ' \
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A late copy will result if the allowed time between the

100 000X order and step a, or between steps ai+l and Q4

(1 =1, ..., 11) is exceeded. The reader will run at % speed
if the time used between step a,p*+1 and the 100 000X order is
less than 3.6 + 250(k-1) and greater than 3.6 + 250(k-2) milli-
seconds.
Program length:

40 words

Region A (erasable) - U4 words, A3 to A6

Region B - 7 words, BO - B6

Region C - 7 words, CO - C6

Available as J161E

M. B. Shapiro and N. Z. Shapiro

(1) PFor an explanation of the intended use of J161, see
JOHNNIAC Note No. 42

(2) These times are based on 84 }6 for an 02X operation and
89/us for an 06X operation.
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J162E MOUSE MATRIX TO H.S.s. (%)

J162 forms

\ (10%+10"  x +.. +10" Ax 4oL b0k 4x Y2739

1 i

where n 1is a positive integer specified by the calling

sequence, A O inltially contains y-2"39 and xl, «+.s X, are
integers formed from the numeric parts of the left-most n
columns of the Mouse matrix in BO, ..., B6. The result is

placed in A O and the entire matrix is shifted left n places.

Calling sequence:

o1 020 n?2‘3810 P |

at2 Control returns here.
Highest symbol used: *'3
Program will stop at the right of words 11 or 12 because of
an overflow i1f A O initially contains & number which will cause
the polynomial to overflow at some step in the accumulation.
Piming:(2) (.20 + 2.10n) ms.
Program length: ’

21 words

Region A (erasable) - 3 words, AOQ to A2
Region B - 7 words, BO to B6

Available as J162E

M. B. Shapiro and N. Z. Shapiro

(1) PFor an explanation of the intended use of J162, see
JOHNNIAC Note No. 42 |

(2) These times are based on 8% us for an 02X operation and
89 us for an 06X operation.



J163E H.5.S. TO MOUSE MATRIX (1)

J163 shifts the Mouse matrix in BO, ..., B6 to the left
n places, placing Xy2 Xgs eees X in the right-most n col-
‘umns. The integers Xys oo Xy are defined by the recursion:
x, = Integral part of lOIin, 0<1<n-
Vo ™ Initial contents of AO

Yye1 = 0lyyl - x, 0<1<n

At exit, will be in AOQ.

yn+1
Any xi which equal zero enter the matrix as blanks.(e)

- Calling sequence:

a 020 a 010 B
a+l n.2=39 ' )
a+2 Control returns here '
Highest symbol'used: * 2 ‘
‘No program stops.
Timing: (3} (.10 + 2.10n) ms. ¢
Program length:
23 words
Region A (erasable) - 3 words, AO to A2

Region B - 7 words, BO to B6
Available as J163E

M. B. Shapiro and N. Z. Shapiro

(1) For an explanation of the intended use of J163 see
JOHNNIAC Note No. 42. .

(2) The routine for inserting zeros is listed in JOHNNIAC
Note No. 42.

(3) These times are based on 84 /s for an 02X operation and
89 us for an 06X operation.



J164E MOUSE MATRIX T PUNCH'Y)

- J164 punches 80 columns corresponding tb the 80 columns
of characters encoded in Mouse matrix form. Columns 1-40 are
punched from BO - B6 and columns 41-80 are punched from CO - C6.
Each of the 80 columns may contain any 026 keypunch character.

Before entering J164 a 100 0002 order must be given. J164
must be entered within 42 milliseconds(e) of the select order
or a late copy will result. To read cards at full speed the
select order must be given within 17.7 milliseconds of the exit
from J164.

.Calling sequence:

a 020 a 010 B
at+l Control returns here

Highest symbol used: #* 2
Program will stop at the right of word 6 if there 1s a late coﬁy.
Timing chart: .

< 42 ms — l “~ J 164 - ' < 17.7 ms —>

step a step at+l
100 0002 . 100 0002

A late copy will result 1f the allowed time between the

100 0002 order and step a 18 exceeded. The punch will run at

% speed if the time used between step a+l and the 100 0002

order is less than 17.7 + 600 (k-1) and greater than
17.7 + 600 (k-2) milliseconds.



J165E MOUSE MATRIX TO PUNCH WITH INTERMEDIATE COMPUTATION 1)

J165 punches 80 columns corresponding to the 80 columns
of characters encoded in Mouse matrix form. Columns 1-40 are
punched from the matrix in BO, ..., B6 and columns 41-80 are
punched from the matrix in CO, ..., C6. Each of the 80 columns
may contain any 026 keypunch character. J165 must be entered
12 times in order to complete the punching of a single card.
The time between successive exits from J165 and succeeding
entries 1s available to the programmer. Before the first entry
to J165, a 100 0002 order must be given. If too much time is
taken between the select crder and the first entry or between
successive exits and succeeding entries, a late copy will re-
sult. (See timing chart below for detailed,times.)(e) To
punch cards at full speed the select order must be given within
17.2 milliseconds of the 1l2th exit from J165.

Calling sequence:

a4

020 a 010 B 12 times for each card
ai+1 Control returns here

(1=1, ..., 12)

Highest symbol used: #* 3
Program will stop at the left of one of the followilng words
if there 1is a late copy: 8, 12, 17, 22, 27,32, 37, 42, 48, 50,
52, or 5k,
Timing shart: (in ms)

(_.,,{2.6,,20.1‘%39 199 119.9[19.9119.9[19. 9 19.75 .4p0.4|20.4] 172
MR EN A
(_\_(‘\k o(,l-n «j“ «.l,*, «ZH -J_r-n 1‘«!,; d!,&/ J’-rl J.ifl o, ! a!,ﬂ oqla:n

‘ /lo o o, Ay Ky o “L Xy g oG | % . %o 100 0002

100 0002 ' *
: Shaded area is J165.
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A late copy Qill result if the allowéd time between the
100 0002 order and step a, or between steps ai+l and 0441
(i = l,...., 11) is exceeded. The punch will run at 1 speed
if the time used between step a12+1 and the 100 0002 Erder is
less than 17.2 + 600 (k-1) and greater than 17.2 + 600 (k-2)
milliseconds.
Program length:

56 words

‘Region A (erasable) - 3 words, A3 to A5

Region B - 7 words, BO to B6

Region C - 7 words, CO to C6
Available as J165E

M. B. Shapiro and N. Z. Shapiro

(1) For an explanation of the intended use of J165 see JOHNNIAC
Note No. 42 '

(2) These times are based on 84 us for an 02X operation and
89 us for an 06X operation.
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J166E. MOUSE MATRIX TO PUNCH AND ECHO CHECK(l)

J166 punches and echo checks 80 columns corresponding to
the 80 columns of characters encoded in Mouse matrix form.
Columns 1-40 are punéhed from the matrix in BO, ..., B6 and
" columns 41-80 are punched from the matrix in CO, ..., cé6.

Each of the 80 columns may contain any 026 keypunch character.

As one card 1s being punched, the previous card is being
echo checked. Region D contaihs fhé binary image of the card
being echo checked. The last (absolutély) card punched by
J166 can be echo-checked only by entering J166 again and punch-
ing an extra (blank) card. If it ;s desired to suppress echo
checking, the left operation of the word in * 0(2) must be
made Ol4. If this is done, the next use of J166 will not cause
an echo check stop (although the select order may be either
100 COO? or 100 0003). 1If there 1s no further alteration of
* 0, there will be echo checking on subsequent cards.

Roughly speaking, once J166 has been entered, region O ?
cannot be used until the final exit from J166. The exception
to this statement occurs when punching with echo check
suppression.(3)

Before entering J166, a 100 0003 order must be given. The
entry to J166 must be completed within 40.4 milliseconds(u) of
the select order or a late copy will result. To read cards at
full speed the select ordef-must be given within 17.0 milli-
seconds of the exit from J166.

Calling sequence:

a 020 a 010 B
at+l Control returns here
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Highest symbol used: * 8

Program will stop at the right of word 74 (* O0) if there is an
echo check (there will be no way of proceeding) or at the right
of word 68 if there is a late copy.

Timing chart:

< 40.4 —> l <~ J166 > I < 17.0 ms—>

step a step a+l
100 0003 100 0003

A late copy will result if the allowed time between the
160 0003 order aﬁd step a is exceeded. The punch will run at
L speed if the time used between step a+l and 100 0003 order
is less than 17 + 600 (k-1) and greater than 17 + 600 (k-2)
milliseconds.
Program length:
76 words
Region A (erasable) - 6 words, A3 to A8
“Region B - 7 words, BO to B6
Region C - 7 words, CO to C6
Region D (semi-erasable) - 24 words, DO to D23

Availlable as J166E

M. B. Shapiro and N. 2. Shapiro

(l) For an explanation of the intended use of J166,  see
JOHNNIAC Note No. 42.

(2) * 0 is the 74th word of J166E.
(3) See JOHNNIAC Note No. 42,

(%) These times are based on 84 us for an 02X operation and
89 us for an 06X operation.
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J167E MOUSE MATRIX TO PUNCH AND ECHO CHECK WITH INTERMEDIATE
COMPUTATION(

_J167 punches and echo checks 80 columns corresponding to
the 80 columns of characters encoded in Mouse matrix form.
Columns 1-40 are punched from the matrix in BO, ..., B6 and
columns 41-80 are punched from the matrix in CO, ..., C6. Each
of the 80 columns may contain any 026 keypunch character.

J167 must be entered 12 times in order to complete the
punching of a single card. The time between successive exits
from J167 and succeeding entries is available to the programmer.
Before the first entry to J167 a 100 0003 order must be given.
If too much time 1is taken between the select order and the
first entry or between successive exits and succeeding entries
a late copy will result. (3ee timing chart below for detailed
times.)(g) To punch cards at full speed, the select order must
be given within 16.1 milliseconds of the 12th exit from J167.

As one card is being punched the previous card is being
echo checked. Reglon D contains the binary image of the card
being echo checked. The last (absolutely) card punched by
J167 can be echo checked only by entering J166 again and
punching an extra (blank) card.. If it is desired to suppress
echo checking the left operation of the word in * 02 must be
made Ol4. 1If this 1s done, the next use of J167 will not cause
an echo check stop (although the select order may be either _
100 0002 or 100.0003) during the first card it punches after
this. If there is no further alteration of * O there will be

echo checking on subsequent cards.
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Roughly speaking, once J167 has been entered, region D
cannot be used until the final exit from J167. The exception
to this statement occurs when punching with echo check suppres-
sion.(3)

Calling sequence:

ay 020 a 010 p 12 times for each card
a,+1l Control returns here (1 =1, ..., 12)

i
Highest symbol used: % 11
Program will stop at the right of word 75 (* 0§42f there is an
echo check (there will be no way of proceeding) or at the right
of word 69 1f there i1s a late copy.

» Timing chart: (in ms) (5) - ,
<40.7-|18-6(18.718.718.7 |18.7[18.7 %8.7 18.5/18.9|18.9 [18.7 | 16.1
7 _ Z

paN

IR RN

AT LA E YR LR o+ PO TI T TI A ORI Y A

L

/

100 G003 <, 2 &y Ty U v 4 e G5 %o %W 12100 0003

t

A late copy will result if the time between the 100 0003
order and step @, or between steps ai+l and ay41 (=1, ..., 11)
is exceeded. The punch will run at é-speed if the time used
between step a,,+1 and the 100 0003 order is less than 16.1 +
600 (k-1) and greater than 16.1 + 600 (k-2) milliseconds.
Program length:

78 words

Region A (erasable) - 6 words, A3 to A8

Region B - 7 words, BO to B6

Region C - 7 words, CO to C6

Region D (semi-erasable) - 24 words, DO to D23
Available as J167E

M. B. Shapiro and N. Z. Shapiro
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(1) For an explanation of the intended use of J167, see
JOHNNIAC Note No. 42,

(2) These times are based on 84 us for an 02X operation and
89 us for an 06X operation.

(3) See JOHNNIAC Note No. 42.

(4) * 0 1is the 75th word of J167E.

(5) Shaded area is J167.
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J168E MOUSE MATRIX TO PRINTER(L)

.J168 prints 40 columns of information encoded in BO, Bl,
B2, B3, and B6 of tﬁe'Mouse matrix: B4 and B5 are not used
since only numeric information 1s printed. ‘

Before entering J168 an appropriate select order must be
given (100 0004)to select the printer and space or 100 0005
to select the printer). The entry to J168 must be completed
within 17.8 milliseconds(e) of the select order or a late copy
will result. To print at full speed the select order must be
given within 12.5 milliseconds of the exit from J168.

If a character other than blank, 0, 1, 2, ..., 9 1is called
for, J168 will produce hash, although it will not hang up a

printer column.

Calling sequence:

a 020 a 010 B
at+l Control returns here

Highest symbol: #* 1

Program will stop at the left of word 2 if there 1s a late

copy .

Timing chart:

(-—17.8ms—->|<—— J168 —>l<—12.5ms—>

! step a step a+l
100 000X ' .

100 000X
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Program length:
29 words
Region A (erasable) - 4 words, A3 to A6
Region B - 5 words, Bo, Bl, B2, B3, and B6
Available as J168E

M. B. Shapiro and N. Z. Shapiro

(1) For an explanation of the intended use of J168, see
JOHNNIAC Note No. 42.

(2) These times are based on 84 mMs for an 02X operation and
89 ms for an 06X operation.
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J160E COMPLEX FLOATING-POINT MULTIPLY

J169 1is a closed sub-routine which will multiply two
complex floating-point numbers a and b. The arguments must
be in region A prior to thé execution of the basic link. The
resulting complex floating-point product ¢ = a * b will be
found in region A when J169 links back to the main program.
The arguments a and b will not be destroyed by J169.
Calling Sequence '

a 020 $ 0 010 # 0 (Link to J169)
a+l Control returns here.

The region A locations of a, b, and c¢ are as follows:

Ao contains aR = real component of a in fl. pt. internal form.
Al . 1t aI == imaginary 1" 1" a " 1 n " "
A2 "o bR = real 1" 1] b 1] 1" " " n
A3 " bI = 1rnag1nary " " b " " " " n
Au’ 1" CR = I'eal " it c " 1t 1 " "
A5 1" CI = imginary ”n it c " " " " "

Region A (erasable) 6 words A O - A 5

Symbolic Code 1010 = 128 words

Highest symbol used: * O

Program available as: J169E

John I. Derr



J170E COMPLEX FLOATING-POINT DIVIDE

J170E is a closed sub-routine which will obtain the
complex floating-point quotient q of two complex floating-
point'numbers a and b. The dividend a and the divisor
b must be in region A prior to the execution of the basic
link to J170. The quotient q and the square of the norm of
b <|b|2 = (%)% + (bI)2> will be found in region A when J170
1inks back to the main program provided that b ¥ 0. If b = 0,
q will not be computea. The arguments a and b will not
be destroyed by J170.

Calling Sequence:
o 020 $0 010 #0O (Link to J170)

a+l Control returns here if b ¥ 0
a+2 " 1" " n b o= 0.

The region A locations of a, b, q, and‘|b|2 are as follows:

A0 contains aR = real component of a 1in floating-pt. internal form
Al n aI = imaginary 1 " a " 1" 1" 1" "

A2 1 bR = I‘eal " 1" b it n 1" n "
A3 " bI = imaginary n 1" b " t " " "
Al‘_ " qR = I'eal 1" 1A q " 114 " 1" 1"
AS " qI = irnaginary n " q 1" 1" 1" ”n 1"t
Ag " lbl2 = norm squared of b.

Region A (erasable): 7 words A O - A 6
Symbolic Code 1710 = 218 words

Highest symbol used: ¥ 1
Program available as: J170E

John I. Derr
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J1T71E FIXED POINT SQUARE ROOT

J171 is a closed subroutine which will evaluate the non-

negative solution of the equation X = lal, 1.e. x = + Vl0al.
Before executing the basic link into J171, a must be in the
MQ, where 0 < |a|] < 1. When J171 links back to the main

program X will be in the Accumulator and 0 < x < 1.

Calling sequence:
020 $ 0 010 # 0 (Link to JI71E)
Description of the Method:
J171 first normalizes a 8o that 22 < a-2°9 < 1, provided
that a # 0. Let y = a-2°J, Then x_ = 1/2 + y/2. Then if
X # y, the following form of the Newton iteration scheme is

used until Xn+1 é Xn:
X o1 = X, + 1/2 [y/xn - xn].
Finally, x = X * 274,

Accuracy: Let €(a) = x - JT;T-be the absolute error. Then
€(a) 5‘0 or 2739, Observe that x has approximately
g more significaﬁt binary diglts than a. |
Timing: Let T(a) denote the time in ms required to evaluate
vﬁgﬁf Then .6 ms. < T(a) < 23 ms. for every admiss-
able a. In particular, we list the following
extreme cases:
T(0) & .6 ms.
?(1-2739) = 1(1-2738) = 1.49 ms.
T(Q'E) % 13.14% ms. (requires the maximum number (5) |

of 1teration cyclesl
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T(2'38) 2 23.04 ms (requires the maximum number (5) of
{teration cycles and the maximum number (18) of normaliza-

tion cycles).

Region A (erasabie) - 3words, AOQO - A2
Symbolic Code: 20 words

Highest symbol used is * 5.

Program available as J1T71E

John I. Derr



J172E SCALAR PRODUCT OF TWO VECTORS ~-- FLOATING POINT

J172 computes the usual inner product (x, y) w.r.t. the

standard orthonormal basis over a Euclidean Vector Space, i.e.
n

(x5y) =12; X,¥,

Denote (x,y) by ¥. All of the numbers {xi} and {yig must be
in the packed internal form recognized by the Floating-Point
Interpretive SYstem. Upon exit from J172 ¥ will be in the same
form.

The elements &xi} of the vector x = (xl, cees xn) must be
placed 1in H.S.S. as follows:

L(xl), L(xz) = L(xl) LAV L(xn) = L(xl) + (n'l)‘ﬁx’

where A, 1s an integer and Lﬁxl < (377)g = 255, 4
A similar statement holds for y.

Calling sequence:

a 020 a 010 B (Link to J172)
atl T L) lagl L(x)
ar2 X n o la,l Lyy)

a+3 Control returns here
Here the Y's in steps o+l and o+2 correspond only to;ﬁx
andzﬁy, respectively. The usage 18 non-standard in the‘sense
that the word in a+l and o+2 must not be complemented in the

case of a negative sign. More precisely, for step a+l take
la | 1f the sign position of the word in a+l is O
A[L(x:)] =

—laxl if the sign position of the word in o+l is 1

Do likewise in the case of a+2.
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Region A (erasable): 6 words A O - A 5
Symbolic Code: 31 words
Highest symbol used: #* §

Program avallable as: J172E

John Derr



J173E A LINEAR NORM OF TWO VECTORS -- FLOATING POINT

If we define an mth

degree norm of the vector x = (xl,...,xn)
w.r.t. the standard orthonormal basis over a Euclidean Vector

Space by 1/m

LN Pul T
: i=

then J173 computes the first degree norm of x, 1i.e.

n
x| = }; |%1] .
i=

Denote le by Y. A1l of the numbers {311 must be in the packed
internal form recognized by the Floating-Point Interpretive
System. Upon exit from J173 ¥ will be in the same form.

The elements ixi} of the vector x must be placed in
H.S.S. as follows:
L(xl), L(xe) = L(xl) + 48, iu, L(xn) = L(xl) + (n-1) A, where
A ls an integer and IAI < 3778 = 25510.

Calling Sequence:

a 020 a 010 B (Link to J173)
el X L) |2l L(x)
a+2 000 n 000 0000

a+3  Control returns here
Here the i1n step a+l corresponds only to |A|. The uéage is
non-standard in the sense that the word in a+l must not be
complemented in the case of a negative sign. More precisely,

take
|A] if the sign position of the word in o+l is O

z&[L(xi)] -

-|al 1f the sign position of the word in a+l is 1
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Region A (erasable): 4 words AO - A3
Symbolic Code: 23 words
Highesty symbol used: * §

Program available as J173E.

John Derr
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JLT4E MAXIMUM ELEMENT OF A VECTOR

Let x = (xl, cees xn) be an n-tuple with réal components.
J174 will find the element x_ e{}i such that |x| > |xy| for
1=1, ..., n and if for some X # k, |x1| > Ixil for i=l, ..., n,
then k < £. The element x, will be in the MQ upon exit from
J174. In addition, L(x,)+273% will be in the A upon exit from
J174.

The elements {*i} of the vector x must be placed in
H.S.S. as follows: '
L(xy)» L(xy) = L(x;) +4, ..., L(x)) = L(x,) + (n-1) A, where
A 1s an integer and |a| < 377g = 255,4-
Calling Sequence:

a 020 a Ol0 B (1ink to J174)
+

atl = n o] L(x)

a+2 Control returns here
Here the irin step a+l corresponds only to A. The usage is
non-standard in the sense that the word in o+l must not be com-
plemented in the case of a negative sign. More precisely, for

step at+l take

A[L (xi)] l==

Region A (erasable): 5 words (A0 - Ab)

Al if the sign position of the word in a+l 1s O

-|A|l 1f the sign position of the word in a+l is 1
Symbolic Code: 23 words

Highest symbol used: * 8

Program available as J1T4E.

John Derr
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J175E INTERCHANGE TWO VECTORS

Let x = (xl, cens xn) and y = (yl, coes yn) be two n-tuples
with real components. Upon entry to J175 the following pair
of instruction words will be executed for 1 =1, 2, ..., n:
4) 020 L(y,)
1) 060 L(yi),

e,y —=> L(xi) and X, ~-9-L(y1) is performed in the natural

ood L(x
050 L(x

order i=1, 2, ..., n.

The elements {xi} of the vector x must be placed in
H.S.S. as follows:
L(xl), L(x,) = L(xl) +A L, e L(xn) = L(xl) + (n-l)zxx,
where A_ 1s an integer and |a | < 7777g = 4095,,. A similar
statement holds for y.

Calling sequence:

a 020 '« 010 B (1ink to J175)
atl 000 L(x;) n  L(yy) |

+ A 000
a+2 —_ % Ay

a+3 Control returns here
Here the * in step a+2 corresponds only t0<ﬁx and Ay. The usage
15 non-standard in the sense that the word in a+2 must not be
complemented in the case of a negative sign. More precilsely,

for step a+2 take
A‘:L(xi)] =

The same decision holds forAA[L(yi)]- ~

IAxl if the sign position of the word in a+2 1s O

-IAXI if the sign position of the word in o+2 is 1
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Region A (erasable): 3 words AO - A2
Symbolic Code: 21 words
Highest symbol used: * 6

Program avallable as: J175E.

John Derr



J1T6E SOLUTION OF A MATRIX EQUATION AX = B WHERE A IS n x n
AND NON-SINGULAR -~ FLOATING POINT

A link to J176 will result in the solution of the k
systems of n simultaneous linear equations

n

; aiJ XJ(’Z) = bil('[)’ i=1, 2, --o’, n,

in n unknowns for A= 1, ..., k. If we define the matrices

A, x, B by . PR ’ . . . . .".
/817 Byp e 8y x, (1) %, () x () b, (1) b, (B, (N
A= 221 ©, X= xz(l) ; X ,Ba= be(l)
\a,;l N N A BTN

then the two statements concerning the function of J176 are
equivalent. J176 also computes the determinant of A which we
denote as det A,

Calling Sequence:
a 020 a 010 B (Link to J176) )

a+l k n A L(all) |
a+2 Control returns here if det A = 0O
a+3 = Control returns here if det A ¥ 0O
Before linking into J176 the user must place the elements
31J of A and bi(l) of B into H.S.S. locations as follows:

(1) , (2) (k)
all 8.12 e o0 aln bl bl LR AN J bl
8.22 .

L

8oy

) (1) .. (2) k
81 8pp -e- ap, bt b (B) oy (K)



Basically, these locations differ by A. More precisely,
100  (ai’J+l) = loc (aij) +tﬁ’ J“l’ 2) e ey n‘l,
. , k ’
loc (ai,l) = loc (bi-l( ))+2A, 11,

loc (bi(l)) = loc (a
loc (bi¢£+l)) = loc (bi(f)) +40, 4=, 2, ..., k-1.

Upon exit from J176 these same H.S.S;“locations will

contain
(1) . (2) (k)
Gll ale * o0 Clln xl xl [ ) 0‘ xl Cl
azl a22 e o @ L]
‘ , SR 65 NN €5 B ¢S B
anl an2 LI ) ann xn xn L) xn ] Qn'

In a&dition, det A will be in A 19. All of the numbers re-
ferred to are in the packed internal form recognized by the
Floating-Point Interpretive System. The quantities k, n, andéﬁ,
in the Calling Sequence abe positive integers with the obvious
upper bounds (72)8, (7777)8,.and (377)8, respectively. Clearly,
these are not least upper bounds.

The matrix a = (aij) is the n x n matrix ob@ained from A
by the forward solution part of the elimination process, vThe

nxl1 matrices.Cxl(X), xa({),‘..., xn(£)>’are obtained in the
back solution part of the method. ‘The n x 1 matrix (c;, ¢py ...
cn) should be ignored by the user. It functions only as a

check on the computational accuracy of the forward and back-

ward solutions.
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Déscription of the Method

The baslc method used is the Gauss elimination method. 1In
the forward solution the matrix A is reduced to a .triangular
matrix T. The solution of Tx = Eb is equivalent to the solution
of the original equation Ax = b, where E a'zrﬁi and the E1 are
elementary ﬁatrices, l.e, EiM results in performing elementary
row operations onfM. The back solution can be performed by a
simple substitution using the equation Tk = Eb.

The rule of formaﬁion of the sequence (El’ Eyy +4.) 18
known as Crout's Method*. However, here fhe_method is modified
so as to permute the rows of the resulting matrix, if necessary,
to use the element o, = Max (lad1|> as the q,, pivot element

idi<n
fori=1, 2, ..., n.

th

The coﬁputation of the 1 row of T is checked versus

(1+l)2-10'7 according to the Crout criteria fer checking.

th row of X 1is checked

Similarly, the calculation of the 1
versus (n+1)2-10’7. This method of checking will probably suf-
fice in most cases w. r. t. testing for machine malfunctions.
Note that this check does not guarantee that the solution is
"correct" in any normal sense, since the ﬁltimate accuracy of
the computed solution is .limited by tbe 1nherent~error of the

original system of equations.

*See Numerical Calculus, pp. 17-29, by W. E. Milne
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NOTES ‘
(1) J172-175 are .slave routines w.r.t. J176 and therefore

must be used along with the Floating-Point System in
conjunction with J176. Further,Ji?Q-B have the‘origins
WO, X0, YO, and Z0O, respectively, w.r.t. J176. Hence,
these regions must be assigned locations before J176 1is
loaded.

(11) A 13X halt will occur in the 119th word of J176 if the
computat@bnal checking criteria is not met in any row
during the forward solution. The calculation w;ll con-
tinue if the GO button is pressed.

(111) A 13X halt will occur in the 18lst word of J176 if the

| computational checking criteria is not met in any row
during the back solﬁtion. Thé calcuiétion wili continue
if the G0 button is pressed.

(iv) A 13X halt will occur in the 75th word of J176 if det.A=O.
Control will link back to the main program if the GO
button 1s pressed.‘ .

(v) Clearly, the originél matrices A and B are destroyed
by J176.

(vi) The relation
n(n+k+l) < (4096-F) - 288 - 26 -M
musf always be satisfied when using J176, where F = the
number of words used by the Floating-Point Interpretive
System and M = the number of words in H.S.S. occupied by
programs other than J172-6 and the Floating-Point System.

In order to get some real}live numbers, suppose
(4096 - F) = 2960,A = 1, and M = 115. Then n(n+k+l) < 2531
must hold. If kel, n < 49. If ken, ken<35. |
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Timing
Since at the time of this writing no expliclt times were

known for the floating-poink operations, it follows that no
explicit timing estimates could be made for the general case.
However, the foliowing floating-point operation counts should
vield a reasonable measure of how the time will vary as a func-

tion of n and k.

Operation Counts for the Forward Solution
! 2k+12 '
(’) n{n+ E "

(+) and - (x)- :.n3';-5§gi . for each”
~3f - (approximate for large n or k)

' Operation Counts for the Backward Solution

(+) and (x) n‘?'lg(k*l) for each
While operating in the SD Mode five seconds were required
for a solution with n=7 and k=1. This example can be used as a

reference point in the (n,k) plane to compute approximate absolute

times using the above formulae.

J176 Storage (without slaves)

Reg. A (erasable) 20 words (A 6 - A 25)
Symbolic Code: 190 words
Highest Symbol Used: * 41.

Stofage Used by Slave Routines (J172-J175)

Reg. A 6 words (A O - A 5) (Note that the erasable storage
used by J172 - J175 does nof overlap that used by J176.)

Symbolic Code: 98 words |

Highest Symbol Used: * 8
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Combined Storage Used by J172 - J176

Reg. A 26 words (A o - A 25)
Symbolic Code: 288 words
Highest Symbol Used: # 41

Lattice Diagram Describing Master-Slave Relations

J172 J173 J1T74 J1i75

John Derr



JITTA " AUTOMATIC SOLUTION OF A MATRIX EQUATION AX=B WHERE
A IS n x n AND NON-SINGULAR -- FLOATING POINT
J177 is an automatic version of J176. The user needs only
to recbrd the necessary 1npuf data in punched cards, place
these cards immediately behind J177, and press the LOAD button.
The solution matrix, X¥, thch approximates X in the equation

AX=B will be computed and printed for each equation.

Input Form

Information should be punched in the Floating Point Data
Form as follows:

lst card for a problem

(1) | (2)

+ EXP MANTISSA + EXP MANTISSA
n 1D ‘ k-
L Any decimal L number of columns
information in the matrices
for problem ID X and B

order of matrix A .

%} if A is not to be printed + 1if (aij) 1s not to be printed
- 1? A 1s to be printed - if (aij) is to be printed

The elements of A must be punched by rows into consecu-
tive positions of the cards beginning with the second card.
Each row must begin with position (1) of a card and if an EF
" mark (12 punch (+) in column 80) is encountered prior to the
reading of the nth element of a given row, then J177 will assume
that the remaining elements of the row are O. (This does not,

of course, affect the six elements of A which were punched
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into the card with the EF mark.)

The elements of B must be punched by columns into con-
secutive positions of the cards beginning with the first card
following the cards for A. Each column must begin with

*pésition (1) of a card.

The solutions for a sequence of equations AX=B can be
evaluated by placing the input cards for the equations in
sequential order behind J177. If.the input cards are followed
by two blank cards, the collator will be on Select following
the completion of the last problem.

Qutput Form

The page’'will be ejected prior to the beginning of each
problem; The numbers pfinted will be in the external floating
point form. The print format i1s that described for the 013
(PNT) order in the Floating-Point writeup. The printing for
one problem takes place as follows:

| A d B c
Information in, } — +n ID + K —
positions (1) and :
(2) of 1st Input
Card

Space —_— — —

’ If A 1s printed, then the printing for the ith row is

as follows:
Row number 1

{Elements of the row

begin here a 42 a13

[
[
LA N w

If A 1s printed, the page 1s ejected following the

printing of the last row.
NI
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..3...
A B c
Determinant o _— det A
Spéce | — - — —

If (aid) is printed, the same procedure is followed as
for A.
S is printed by columns The printing for the,[th column

is as follows:

Column number A —_— : —_—
Elements of the column :
begin here , xl(l) A xg(l) x ()

Notes:

(1) The ineqﬁality n(n+k+l) < 2529 must be satisfied by n and
k. 1In particular, if k=1, then n must not exceed 49 and
1f k=n, then n must not exceed 35. If n(n+k+l) > 2529,
the program will halt at 533&8 with a 130 5331 order.

(2) A 13X halt will occur at 51728,1f the computational check-
ing criteria 1s not met in any row during the forward
solution. The calculation will continue if the GO button
is pressed.

(3) A 13X halt will occur at 5270g 1f the computational check-
ing criteria 1is not met in any row during the back solu-
tion. The calculétion will continue if the GO button is
pressed.

(4) A 13X halt will occur at 51168 if det A=0. If the GO
button 1s pressed, then det A and the current state of

the (aij) and X (or B) matrices will be printed. The next
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. problem in sequence will then be started if it exists.

(5) The user is referred to the J176 write-up for a descrip-

tion of the method.

Program available as J177A

John Derpr



J178E LEAST SQUARES POLYNOMIAL APPROXIMATION - FLOATING POINT

J178 will compute the best possible polynomial approxima-
tion to a set of data in the sense of least squares. The data
consists of a set of number pairs (x;,y;) for i =1, 2, ‘.., N.
The set of number pairs determine a relation which we denote as
y (x) and J178 approximates y(x) by a polynomial,

M J B ,
E; a, x =y (x) for 1 <M<L5.
J =0 r~
J=

J178 must be used in conjunction with the current version

of the Floating Point System. All of the numbers Xy and vy

must be in the packed internal form and must be placed in

consecutive H.S.S. locations as follows:

Xl,yl) _— X2,y2, —3 oo 0oy XN,yN, —

Calling Sequence:
a 020 a 010 B (Link to J178)
atl 0B L(ao) N L(xl)
a+e Error Return -- det T = 0
at+3 Control returns here

14 Cc < g <M
I o lory s

Upon exit from J178, the coefficients, a, for j = 0,
¥}

.‘ s e 0

1, , M, of y* (x) will be in consecutive
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H.S.S. locations beginning with L(ao). J178 also computes
y*(xi) = y; for 1 =1, 2, ..., N and the y:, together with the

corresponding pairs (xi,yi) are stored as triplets in the form:

» * *
xl’yl:yl )x2:y2:y2 ) eeey xNJyN’yN
The aJ and yi* are in the packed internal form. r
Method :

The fundamental least squares method involves finding the
{?i} which will minimize
N

pN [v(xy) - v*(xp)] 2

The values of a, are found explicitly as the solution of a
matrix equation Ax = bl.

As the degree, M, of the polynomial y*(x) increases, the
accuracy of the computed a, decreases rapidly. The loss of
significant digits occurs in the solution of the matrix equation
AX = b, |

In order to mitigate this inherent loss of information,
the basic least squares method has been modified according to a
process developed at Lockheed Aircraft Co. for their FLOP coding
system. A description of this modified process follows below.

First normalize the (ki} to the interval [-1, +1] by
setting x'y = x, Ixilméx . The modiflication then consists
of replacing the {%iJ} used in the standard method by the cor-
responding Chebyshev polynomials {?J (x'i)} for j= 0, 1, ..., M.
The {\TJ (x'i{} are defined inductively by To (x'i) = 1,

1 See Milne, Numerical Calculus, pp. 242,3

v
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1 = ! n',._, 1. ' - .
Ty (x i) =x'y, TJ(x 1) 2x'y TJ-l(x 1) TJ_Q(x'i) for
J=2,3,..-,M.

Then proceed in the ordinary least squares fashion to
find the coefflcients {FJ} of the polynomial

M

z: _tJoTJ (x). The matrix equation AX = b is replaced by the
J=0

new equation Tt = d under the transformation xJ —_ TJ (x') where

L Tolo X ToTy **+ L ToTy L To¥y %o
T t
L TyTo y "Y1 1
T = ’ d = ’ t = . ¢

In the above we have used the shorthand notation

Z: Tp Tq = g: Tp (x'i) Ty (x'i) and E::pr =

i 1

' .
p(xi)yi'

[y
lll\/lz
=

It remains to compute the {ai} from the {ti} by essentially

performing the inverse of the transformation xJ —> TJ (x').

We set
M
- J
z; J (x E: a 4% and expanding the TJ we have
J=0 '
tg * ty * x! +-£”.((x - i\ *otg A (x! )3 - 3(“")

<+

ta(é(x')a - 8(x')2 + %} + t5 [16(;:')5 - 20(x')3 + 5(x')]
I

= E}, ..}‘:J .
. J

Recalling that x' = x + lx and equating like coefficients

LmL
of x9 we get by proceeding inductively on HM:
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for =1, ay = ty and a; = §, + 'xilmax

for Pfi=:£', Ay = to - ta, a; = t1 - Ixilmax and 8y = 2t2 - Gxilmmq

f

for =5, ay = tg - ty + ty, a; = (v, - 3t, +)t)~r|X

- (%_ - 201:5\",» + (lxi!maf
8ty + Gxi’maxfr’ and ag = 16t (I i‘m‘;s

fi

@tg - 8t4t ]a lmaw ,

Y
L3V}

it
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NOTES

(1)

(2)

(3)

(4)

J172, J173, J175, and J195 (or J174) are slaves to J196
(as well as to J178) and hence must be assigned locations
prior to the loading of J196. Further, J196, J191, and
J187 are slaves to J178 and must be assigned locations
before J178 is loaded. The regions associated with all

of the slaves can be ascertained from the lattice diagram.
J174 may be used in place of J195 if all of the numbers
{%i’yi} are norhalized and the floating point system 1s

in the N mode. '

For an explanation of a 13X halt which occurs in J196,

see Notes (i1), (i111), and (iv) of the J196 write-up.

The computational checking criteria can fail to be met due
to a loss of significant digits in the solution of the
matrix equation Tt = d. The chance that a halt will occur
increases with the degree M of the polynomial approxima-
tlon.

In general, the accuracy of the computed {aii can be
increased by first translating the set of {xi} into the
set of {;1 - m} where m is the mean of the {fi} s l.e.

N
m = Z; X, | ¢ N, Then enter J178 with the number pairs
1=

<x1 - m, yi). Upon exit from J178 use the computed
coefficlients with the argument x-m or perform the inverse
transformation on the coefficients to get the coefficlents

w.r.t. the {xi}. Usually, this additional procedure will
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be necessary only for large M and strongly non-zero m.

Timing

The Legendre polynomials of degree one through five were .
used as test problems with 21 points, i.e. M= 1, 2, 3, &, 5
and N = 21. The following times were recorded while operating
in the SD mode:
4 sec. 7T sec.

1 M=2
3 10 sec. M= 14 sec.
M=5 18 sec.

M
M

Then, roughly speaking, the operating time increases directly
as M. In the case M = 1, 7 seconds were required for N = 42.
Apparently, then the variation of time with N 1s also approxi-

mately direct.

Accuracy
Using Xy = 0(.05)1 and the exact corresponding values of

Yy obtained from a table of Legendre polynomials of degree M
the number of correct significant digits obtained in the com-

puted coefficients were as follows:

M=1 9 digits
M=2 6 digits M=3 5 digits
M=4 3 digits M=5 2 digits

By translating the interval [0,1] to [-.5, .5] the follow-
ing results were obtained with all other conditions unchanged:

M=2 9 digits M= 3 9 digits
M= 4 8(-) digits M=5 7 digits

Observe that in each of the cases listed, the accuracy
obtained for the translated interval [-.5,.5] 1s better than

that obtained for the original interval [b,l].



J178 Storage (without slaves)

Reglon A (erasable) 76 words (A12-A87)
Symbolic Code: 201 words
Highest Symbol Used: * 56
Storage Used by Slaves (J172, J173,J175,J187,J195,J196 and J191)

Region A (efasable) 26 words (A0 - A25)
Symbolic Code: 381 words
Highest Symbol Used: #* 41

Combined Storage Used by J178 and Slaves

Region A (erasable) 88 words (A0 - A87)
Symbolic Code: 582 words

Lattice Diagram Describing Master-Slave Relations

J195 (J174) J172 J173 J175

John Derr
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J1T79A AUTOMATIC LEAST SQUARES POLYNOMIAL APPROXIMATION --
: FLOATING POINT ' -

" J179 is an automatic version of J178. The user needs only
to record the necessary input data in punched cards, place
these cards immediately behind J179, and press the LOAD button.
The coefficilents {?1} of the approximating polynomial

M

 f(x) = Z:: aix1
=0

will be computed and printed for each header card.

Input Form

Information should be punched in the Floating Point Data

Form as follows:

pos (1) S T if data triplets are to be printed
- i1f data triplets are not to be printed
EXP M = degree of polynomial f(x)

MANTISSA ID (any decimal information)
‘pos (2) S | {f.if data cards follow

- if no data cards follow
EXP Blank
MANTISSA N = number of points
pos (3) 8 Blank (or 4)
EXP 00 if (xi,yi,ri) is to be printed

ol if (xi,yi,yz) is to bg printed
MANTISSA 51f£fomrAgjgf.
| {;jotherwise
Positions (%), (5), and (6) of the héader card are not inter-
preted by J179A. o o

1 rilu yif - ¥y Hence, yi*.- ry + ¥y
2 See J178 write-up.
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(xi,yi)Data Cards

‘The number pairs (x ) must be punched in consecutive

1°Y3
three-position blocks beginning with the first card following

the header card.

B @ 3w (5 (6

1st Card Xy Yy - Xo Yo -
last card (N even) xy ., ¥y,  --- Xy Yy S
(N odd) xy oy e e e e

Further, there must be an end of file mark (12 punch) in column
80 of the last data card.

There-is a one-to-one cdrrespondence between header cards
and problems. A éeqﬁence of problems can be solved by placing
the assoclated header cards together with the data cards
following (if any) ih'aéquential order behind J179. If the
entire deck of input cards 1s followed by two blank cards, the
console will show "READER" following the completion of the last

problem.

Output Form

The page will be ejected prior to the beginning of each
problem. The numbers printed will be in the external floating
' point form. The print format is that described for the Ol7
(PNT) order in the FloatingQPoint write-up. The printing for

one problem takes place as follows:



A
§ EXP
Information - M
in header card
Space —_—
Coefficlents ao
Space —

If the number triplets
one triplet per line in the

Notes

..3...
B, S EXP MA
EXP MAN
gm N ioal /0
a.l 32

are to be printed, they are printed

natural order.

Y1 T/t
V2 ra/yo*
IN NIyt

(1) Prior to entry 1fto J178, the set of {fi} is replaced by

the set of {?i - ﬁ} where

cients {aiy.

mms Z;: x, + N.
1T

Upon exit from J178, J194% 1s used to compute the coeffl-

(2) 1<M<5and Ml < N < 1207 must hold.

(3) 1If d¥0, then the decimal equivalent of the octal number

9 4 4, Jé dh dé must be presented to J179. For example,

suppose M=5 and it is desired to impose the condition that

1 The upper bound of 120 on N was artifidially imposed.
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the odd powers of xi shall vanish. Hence, we want

ay a3 -'35 = 0. Tpen - (101 010?2 f (52?8 = ("2)1o°
d = 42 18 presented to J179.

(%) A 13X halt will oceur at (2434)8 if the computational
éhécking.criteria is not met in any row during the forward
solution in J196. The calculation will continue if the
GO button is pressed. This halt can.occur due to the loss
of significant digits in the matrix solution.

(5) A 13X halt will occur at (2533)8 if the computational
checking criteria is not met in ény row during the back
solution. The calculation will continue if the GO button
isvpressed. This halt can occur due to the‘loss of sig-
nificant digits 1n‘the matrix solution.

(6) A 13X halt will occur at (2357)g if det T = 0. If the
GO button is pressed, then J179 will exit J196 and J178.

N

if printlng'occurs.upon‘completion of this problem, the
results will be 1néorrect. J179 will continue ahead to the
next problem if there is one. ' |

(7) A check sum 13X halt at (001u)8 indicates that J179 has
probably been loaded incorrectly under the control of J180A.

The entire loading process should be restarted.

Accuracy .
Using Xy uFO(,OS)l and the exact correéponding values of

¥4 obtained from a table of Legendre polynomials of degrees
M=2, 3, 4, 5 the number of correct significant digits obtained

in the computed coefficients was as follows:
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Mu2 9  digits M=3 9 digits
Meali 8(-) digits M=5 7 digits

Timing
See the discussion of timing in the J178 write-up. The

times there do not include input-ohtput times, however.

Program available as J179A.

John Derr



J180A LOADER FOR STYLE F CARDS WITH BLOCK CHECK SUMS

J180 is a_one-card se1f§load1ng routine which loads style F
cards from the primary feed. J180 works exactly as J135 does,
except that when a row containing 010 0006 in the control field
is encountered, it sums the high-speed storage (modulo 2“0)
between previously specified cells a and b, inclusively.

If this sum agrees with a previously specifiled check sum, it
proceeds to the next card. If the sum does not agree with the
check sum a 13X stop occurs. To continue reading, press the
GO button. The row containing the transfer instruction must
have: 1XX XXXX XXX a in the information field and informa-

tion must have previously been placed (presumably by the pre-

ceding two rows) in 0015g and 00168 as follows:

00158 XXX XXXX XXX Db-a
00164 The check sum
J181 and J182 prepare cards for loading by J180. The
preparation, of course, includes the extra three rows. J180

will also load style F cards without check sums or mixed cards.

Storage: 000l to 0016 Octal.
Error Stops: Left OOl4 Octal. To proceed, press GO button.
Timing: Reads cards at 240 cards per minute--except when

’check summing.

Available as J180A.

Norman Shapiro



J181E PUNCH STYLE F CARDS WITH BLOCK CHECK SUMS

J181 will punch a block of storage from a to b 1in
Style F, with three extra rows containing the block check sum
information, ready for reloading by J180. 01_19 are left blank
in the cards punched.

As an option the block a to b can be punched so as to
be reloaded into the block (a+c) to (b+c) (modulo 212) by
placing ¢ in the right address of * 0. Once c¢ is placed

there; 1t will remain unless further modified. The restric-

tion (a+c) (modulo 212) < (b+e) (modulo 212) must be satisfied.
Calling sequence:

o] 020 a 010 p Link to J181

a+l a b

Control returns to left of at2
Symbolic Code: 31 words
" Location of * 0: Last word of routine
Region A (erasable): A O to A 2
Highest Symbol Used: % 13
Timing: Punches cards at 100 cards per minute.

Program available as J181E

Norman Shapiro



J182E PUNCH STYLE F WITH 1.D. AND BLOCK CHECK SUM

7182 will punch a block of storage from a to b in style F

--with a block check sum ready for reloading by J180. Identifi-

cation specified 1n the calling sequence is punched in 01_5 of
each card. A sequence number beginning with 001 and increasing

by one with each card 1is punched 1in C6~8 of each card.

option 1: The block from a to b can be punched so as to be
reloaded into the block from at+c to b+c (mod 212) by placing ¢
in the right address of %0, the last word of J182, before enter-

ing.

Option 2: The three diglts of the sequence number are
stored by J182 in cells All, Al2 and Al3. They are normally '
preset to zero and then modified 8o as to increase the sequence
number by one prior to punching every card including the first
card. The presetting to zero (but not the modification) can be
suppressed by entering the routine at the right of the first
word instead of the left. This option can be used to begiln
sequencing with any value (including 000 by presetting to O,

0 and -1) and to punch several blocks into one consecutively
sequenced deck (by suppressing the presétting to zefo and not
otherwise modifying All, A12 and Al3). The sequence number digits

are scaled by 27,



calling sequence:

a 020 o] 01kp

a+l a b

a+?2 ' x1
at+3 Xp
o+ X3
G+5 Xu
a+6 x5

a+7 Control returns to left of at+7

where X;, - are the identification in the character code

2 x5
used by Easy FoX and by J148. This code is attained DY assign-

ing a value of 16, 32 and 48 to 12, 11 and O punches, respectively.

This code differs from the Mouse code which assigns a value of
64 to O punches. k=4 suppresses sequence presetting to zero.
Otherwise, gset k=0.

Symbolic Code: 115 words

Region A Erasable - AO to A21

Highest Symbol Used: *41

Timing: punches cards at half speed, 50 cards per minute.
Note: J182 is the only program which punches style F cards at

anything less than full speed.

Available as J182E

Norman Shapiro



J183A MATRIX INVERSION

J183 will solve systems of equations and/or invert matrices
of order n (1< n < 40). All arithmetic for this routine is
carried out in double-precision fixed-point to guarantee maximum
accuracy. )

The matrix of coefficients and the right-hand side for .this

routine are input in decimal, one per card, having the following

format:
Col. A ~ Contents
17-19 J(1<J<n) J =0 for the right-hand side
20-22 1 (1<1<n) |
2427 - Integral portion of a1J
28~33 Fractional portion of a1J
34 Sign (Blank is +; 1 is minus).

The remainder of the card may contain any 1nformétion desiréd.
The matrix is then printed column by column. The right-hand
side 15'223 printed.

It 18 not necessary to enter the zero elements of the system
since HSS 1s cleared to zero from 610 through 4095 each time the
Input routine is called for. The elements may be in éhy ordef.
Each matrix or system of equations must be headed by a single
card with the order of the system, n, in J and cols. 20-34 blank,
and followed by a blank card to slgnify the end of the deck.
(This input format 1s the same as the JOHNNIAC simplex code.)

As many systems of equations to be solved or matrices to
be lnverted as desired may be entered behind the program

deck, Just so each blank deck has the proper header card and is

followed by a blank. Two additional blank cards are necessary
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NIA = (0152)8 The matrix is singular or poorly conditioned.
NIA = (0317)8 Overflow, rescale the matrix.
NIA = (0052)g H2 on, Matrix inverted, hit GO to read in

next matrix.

J183 uses all of HSS and the Drum.

Program available assJ183A.,
Time: The only estimate available is for inverting a 24 order

matrix -- this tobk roughly three minutes of computing time.

M. I. Bernstein
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J184A - MATRIX ASSEMBLY

J184 assembles a matrix of order n (1 < n < %0) into
binary for use with J141A in place of fhe binary inverse
obtained from J183A.

The inputs for J184 follow exactly the same format and
rules as the inputs for 3183. It 18 possible to assemble more
than one matrix with J18%4, just so each matrix has the proper
header card (see J183 write-up) and 1s followed by a blank.
After each matrix is punched, and printed row by row, there
is a 13X stop with NIA equal to (0165)8. To assemble the next
matrix, hit GO.

Program stops:
NIA = (0055)8,'No header card for matrix or 1 or J 18
greater than n.
NIA = (0165)8, Assembly completed.
J184 uses all of HSS.

Program available as J1844A.

Mg I. Bernatein
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J185E INTEGRATION OF n SIMULTANEOQUS SECOND-ORDER
DIFFERENTIAL EQUATIONS WITH INITIAL CONDITIONS
SPECIFIED

J185 integrates n simultaneous second-order differential

equations of the form:

48

Yy = ri(yO’ Iy v Yoy 5.70: l'fl: see s’n_l! x)
1 = 0’ l) eee N=1
where differentiation is with respect to x. Each time J185

is entered, integration is carried out over one step Ax ,

J
(A v Y=Y

replacing the values of Yy CAx)&iJ, and Csx)eﬁij.at X = X

An auxiliary closed subroutine is required, which wheh entered
with the calling sequence:

a 020 a 010 FO

a+l Control returns here
evaluates Cﬁx)2§1 and stores these qQuantities in G.0+1. The
y, and (Ax)¥y are located in E.O0+1 and E.O+14n respectively. If
required, the independent variable x should be calculated by
the master routine. | _

Before J185 is entered for the first time the values of

)2-.

Y10’ CAx)yio, and (ax Y40 ap X = xo'muat be located in the

H. S. 8. as follows:

Location Contents
E.O + 1 yio
E.O+1i+n ’ (bx) &10
E.O+ 1 + 2n Gﬁx)2§10

10,1, «.. n=1
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After integration at any x = xi. these storage positions con-

tain Vg (ax) &1J' and (Ax

Y1J-

Two constants must be pro-

vided at all times in region D as follows:

Location

D.O

D.1l

Calling sequence:

a 020

Contents

nx 2732 (n is number of equation,

n=1,2o.o

€ (€ 18 the tolerance on
convergence, see Method)

v

a+l Control returns here |

H. S. 8. Storage Requirementsi

Symbolic Code
Region A
Region D
Region E
Region P
Region G

41 words

- (* 19 highest Symbol used)
3 words erasable
2 words constants
3n words variables
auxiliary routine
n words erasable except for

auxiliary routine

Total:

(46+3n) words + auxiliary routine

Duration: 0.6 + 2.2n + I (0.3 + 3.8n + D) ms where

I = number of iterations for an interval,

D = time of auxiliary routine and

n = number of equations.

Method: The numerical procedure, a modified Euler procedure,

is given by equations 1, 2, and 3.
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. . AX
Vi,3¢1,k © V1,3 F T{yi 3%V, k} (1)

i, 541, = Yy, g X Ty 4+ (ax)° {%'5} {5;1,3} + (ax)% V1,341, (2)

'

V1,941 ™ Y4, 341,k
V4,341 7 Yi,5+1,k | (3)
v - U if for all 31 the relation
Y4, 341 1,341,k |
2 . .s
(ax) Vi,941,k — Y1, 441,k-1 < € is satisfied.

In the above equations:

1 indicates the variable of integration,

J indicates the step of integration,

k indicates the number of iterations.
The constant B is set equal to 1/6 in * 18 of the library routine.
Other values of B in the range 0 < B < 1/4 are acceptable.

Sufficient conditions to guarantee that the procedure will
converge and that numbers stay in bounds can be stated, but use
of these conditions leads to extremely short intervals. In
practice, if units of measure and a value of Ax are chosen so that
numbers are within bounds within the auxiliary routine, the vaiue'
of Ax so chosen 1s usually satisfactory for convergence of the '
numerical procedure. ‘

This program was adapted from University of Illinois Code r3.
Program available as J185E.

Nancy Brooks
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J186E FIXED POINT SQUARE ROOT WITH DOUBLE PRECISION
ARGQUMENT
J186 is a "fancy" version of J171E in that it evaluates
the positive square root of a double-precision number
39,

a=a, + 2 1°

Calling sequence: ay in A.O
a; in A.l
020 $ 0 010 ¥
Control return: to the left of § 1 with the single precision
square root X of the double precision number a in
the accumulator.
Symbolic Code: 25 words"
Region A: 4 words erasable

Error Halt: (* 9 highest symbol used) a, negative, or

a, = 0 and a, negative

Program available as J186E

Nancy Brooks
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J187E LINEAR COMBINATION OF TWO VECTORS -~ FLOATING POINT

J187 computes the linear combination z = B x + y of the
vectors x and y over a Euclidean Vector Space. Here x, y,
and z are denoted by the n-tuples (xl, cees xn), (yl, cees yn),
and (zl, cees zn). B is a scalar. All of the numbers {?1} s
{?i} » and B must be in the packed internal form recegnized by
the Floating-Point Interpretive System. Upon exit from J187,
the numbers {?1} will be in the same form.

The elements?{#i} of the vector x must be placed in
H.S8.S. as follows:
L(xl), L(xe) = L(xl) + Ays eees L(xn) = L(xl) + (n-l);ﬁx,
fwherezﬁx is an integer and Lsxl,g 3778 = 25510. Similar state-
ments hold for y and z.
Calling Sequence: '
a 010 ---- (Link to J187)

a 020

ol I n(e) la,l L(x))
a2 E* oyl Llyp)
o+t3 X 0000 la, | L(z;)

at+d  Control returns here
Here the X in steps aot+l, a+2, and a+3 correspond only to.&x,
,Ay, and.csZ respectively. The usage 1s non-standard in the
sense that the words in a+l, a+2, and a+3 must not be comple-
mented in the case of a negative sign. More precisely, for
step a+l take

A[L(xi)] =

|Ax| if the sign position of the word in a+l is O

-k&xl if the sign position of the word in o+l is 1

Steps a+2 and o+3 can be interpreted in an analagous manner.
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Two variations in the use of J187 are permitted. Together
with the most general form already described there are three
mutually exclusive functions availablé:

(1) px+y, L (B), L (yl) must be non-zero.

(11) x +y, L (B) must be zero (blank).

(111) B x » L(B) must be non-zero and
L(y) must be zero (ﬂiank).

Essentially, J187 consists of three programs in one. The
basic computational loop for each of the three functions de-
scribed 1s optimal in the sense that the number of program
steps 1s minimized subject to the condition that the smallest
possible number of program steps shall be executed in the
Floating-Point system.

Region A (erasable): 12 words (A0 - All)
Symbolic Cocde: 65 words
Highest symbol used: * 15

Program available as: J187E.

“John Derr



J188E x*

K=2, e, or 10. X in MQ.

Calling Sequence:.

RN SVESSIY)

a 020 a 010 XXX (arbitrary symbol)
a+l ql'2”18 + k2”3
a+2 Control returns here.
k=0 2%
1 e*
2 10%

leaves K* in MQ normalized.
leaves q202'18
If q, > 128 both the Accumulator and MQ are left zero.
q, = locatiqn of binary point in X.

- 90 < q <37

Approximate maximum time: 23 ms.
Accuracy: Approximately 9 S.D.
Program stop: 3.009 q exceeds 37
Highest Symbol Used: * 60
Symbolic Code: 61 words

Region A (erasable): 3 words

Program available as
’ J188E

Marvin Sh&piro

in Accumulator where q2 18 scale factor for Kx.
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J189E

IT (INTERPRET T-SWITCHES)

J189 is an open subroutine which decodes the condition of

the three T-switches into an eight-way optional transfer. A

table of eight transfer orders must be provided in memoryfloca~_

tions 5 through 6+3 as follows:

LOC OP ADDR OP - ADDR
5. 01 Yy, o Y
o+l 01 Y, 01§ 4
6+2 013 % o1 ¥
g+3 01 ¥ o1 ¥,
Calling sequence: (g%g 6) x,e‘ls in ACC
a op. g 010 B
Control return:
To T T, T,
5, ® ® ®
br ® ¢ O
B+1p e O | e
S+lp [ O QO
6+2y, O ® )
8+2p O ¢ 0O
8+3p, o O ¢
™m0 | o |o

¢ -On
O = off
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: Style B region C ‘
Program length: 7 words )gi 16 g gymbolic (* 5 highest symbol)

4 words'" B through 8+3 for exit table
Program stop: 134 B+4 in word p+4 as a result of an illegal

entry.
Program:

LOC  OP ADDR ~  OP ADDR
B 015 B+l 024 B+5
B+l 024 B+5 016 B+2
B+2 024 B+5 017 g+3
B+3 o024 p+6 053 B+4
B+h —— . me- 134 ptb
B+5 1

p+6 004 0

Program available as J189B
J189E

Nancy Brooks and Mort Bernstein



J190E LOGARITHM - BASE e or 10

2=39 log X base e or 10 is developed in A, MQ. MQ  1s
not part of the answer.
Range: 0 < X < 1
If X = O the program will stop at 3.030.
Calling sequence:
a 020 a 010 XXX
0 for base e

a+l 000 L(X) 000 0007  #in pase 10

a+e Control returns here

Region A (erasable): 6 words
Symbolic code: 39 words
Highest symbol used: * 38

Logarithms accurate to 9 decimal places.

Program avallable as J190E.

Marvin Shapiro



J191E POLYNOMIAL FUNCTION EVALUATION -- FLOATING POINT

For a given value of X, J191 will compute

N 1
p(x) = E; a,x", N>1.
=

J191 must be used 1h,conJunction with the current version of
the Floating Point System and x , p(x), and ﬁhe coefficients
8Gs 815 eees ay must be in the packed internal form. Further,
the coefficlents must be placed in H.S.S. locations as follows:
L(ao), L(al) = L(ao) +4, —--, L(aN) = L(ao) + N+A, where A is
an integer and |a| < (377)g = (255)10.

Calling Sequence:

a 020 o 010 B . (Link to J191)
otl L L(a) & N |
o2 - L(x)  Llp(x)]

a+3 Control returns here
Here, the tﬁin step a+l corresponds only toA. The usage 1s non- -
standard in the sense that the word in o+l must not be comple-i

mented in case of a minus sign. More precisely, for step a+l

take , ' -
|al 1f the sign position of the word in a+l is O.
A[L(ai)] - - ‘ ~
- [-la] if the sign position of the word in g+l is 1.
‘Method :

p(x) = pN(x), where pN(x) is generated by recursively
defining pl(x) = ay_; + ayx and pi+l(x) = 8y_j_1.+ Xpy(x) for%

i_.l, 2’ “""‘,N"lo
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Timing:

No absolute times have been recorded, but N floating-
point additions ahd'multiplications are performed. Hence, for

sufficiently large N the time will vary directly as N.

Region A'(erasable): 3 words AO - A2
Symbolic code: 26 words
Highest symbol used: #* 8

Program available as: J191E

John I. Derr
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J192E - INTEGRATION BY SIMPSON'S RULE WITH PRESCRIBED ERROR
FLOATING POINT

5 J192 computes~/£pf(x)dx, where f(x) is computed by an
auxiliary subroutine writben‘by the programmer. J192 divides
the domain from a to b, a < b, into N intervals of length Ai’
{=1, 2, ..., N, and computes the area)§(5) for each sub-
interval by Simpson's 5 point formula. The {Ai} are chosen
small enough so that the relative error EM in the interval

ay to ay + AM is less than the error preécribed by the pro-
grammer, i.e. SO that

(3)_ /(5)
W, AL

E

L i 4(5)' 2

where JéTB),g the area over the ith interval as computed by

Simpsons' 3 pt. formula.
J/I5) = the area over the ith'interval as computed by
i

Simpson's 5 pt. formula.

and € = the error prescribed by the programmer.

The ﬁaximum error possible over the enéire interval from a to b
1s N€ max F(x) where F(x) nj;xf(t)dt. The method is a modifi-

cation of that described 1in Scarboroughl.

1l Scargfrough, Numerical Mathematical Analysils, 3rd edition,
p. 178. '




J192E

Calling sequence:

a 020 o O0l0 B

at+l a
a+2 b
a+3 Al

a+l €
a+5 Control returns here in floating point

a, b, Al, and € must be in the floating point data form.

If the starting A 1s not prescribed but 1s to be determined by
J192, step a+3 must be negative.

The computational procédure is as follows:

Define hi = %1 . Let hi be a temporary value for hi.

: ' '
If step a+3 is minus, make Al = b-a, otherwise make Al the con-
tents of o+3.

1
If E, > € replace hl by hi/?. Repeat this halving proced-

1
ure until either E, < € or hi/?_g 10"!’l (al + Ai). In both

'
cases the last hl is used in computing_/{(5). In the latter
case a row of 11 nines 1s printed to indicate that the error

criterion was not met. This process is used for each interval

1=l, 2, o0y No

The constant 10™' is located in the 97th(last) word. Thus

the J.O"4 (aM+AM) criterion can be changed by the programmer to

. ]
fit a particular problem. If 500 Ei <€, set h = 2h The

i+l
constant 500, located in word 96 can also be changed.

1.

The auxiliary closed subroutine is entered by J192, with
x in the floating point AMQ by means of the calling sequence:

4% 020 v 010 F 0
v+l Control returns here in floating point

At step y+l f£(x) should be located in the AMQ and the floating
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point system should be in control, i.e. phe exit from the auxiliary
subroutine must not be made with an 010 (EXL) order.:

The final exit from J192 to step a+5 1s made with the
floating point system in control. ‘
| If cell AOQ is positive, after the computation on the Mth
interval is completed, the following 2 lines of information will

be printed in the Floating Point print format:

A B C
' M
2;‘4‘(5) a aM+AM
e
5
~4; aM Oy
where ay and aM+AM are the first and last points of the Mth sub-

interval. Hence a,=a and aN+AN=b.
If cell AO is negative after the computation on the Mth
interval is completed, there will be no printing. On exit

N
from J192 g: JéXS) will be in cell BO.
=]

Symbolic code: 97 words
Region A (erasable): 8 words, AO to A7

Reglon B (semi-erasable): 19 words, BO to B18.
Region B Is erasable except for the £(x) routine.

Region F: f(x) routine
. Highest Symbol Used: * 30
Program available as J192E.

Marvin Shapiro



J193E FLOATING POINT DATA DUMP

The contents of the memory between specified locafions,

a and b, are printéd.in the floating point data format. Each
line consists of two words and the location of the first word.
The location is in octal or decimal and is preceded by 7 extra
zeros. If both the exponent and the mantlissa of both of the
data words on a line are zero (i.e., if both of the words are
machine zeros), that line is not printed.

J193 uses the JOHNNIAC floating point interpreter and the
right address of the 20th word of J193 must be the entry loca-
tion of the interpreter. It is input as 56208, the appropriate
location for use in connection with the current version of the

Floating Point System.

Calling Sequence: ,
a 020 a 010 XxxX (Link to J193)
a+l k00 a 000 b

a+2 Control returns to left of ot+2

k = 0 for octal locations
k = 1 for decimal locations
Region A (erasable): AO to A9
Symbolic Code: 37 words |
Program availabie as J193E
Highest Synibol Used: * 12

Norman Shapiro



J194E - ITERATED SYNTHETIC DIVISION - FLOATING POINT
A | .y , A

@Given a polynomial f(x) = Z; a,x”, J19% will divide £(x)
. im '
by x-¢ M times, where 1 { M < N. More precisely, define the
quotient polynomials qi(x) by recursion. Set qo(x) - f(x) and
let qJ(x) be defined by q,_ 1(x) = (x-c) a, (x) + a4 1(c) for
J=1, 2, ..., M. Now let

qM(x) = ;:; ? J define (ﬁj} . Then J194% computes

' . qi(C), i'O,l,...,M~1
the set of N numbers {Pil’ where bi = .
' ’ ’ q,: M r) 1"“;“‘*‘1,...,1\]
All of the numbers 1} {b}, c, {qi(c)}, and

{é?_m} are in the packed internal form recognized by the current
version of the floating point system. The {éi} and {?1} must
be arranged in H.S.S. as follows: '

L(ag)s L(a;) = L(ag) +4a,, ..., L(ay) = Lay) + Na,.
L(bo), L(bl) = L(bo) tAs ey L(bN) = L(bo) +NA.
Here,lﬁa andlﬁb are integers whose absolute values are bounded

below (400)g = (256)10.

Callling Sequence:

a 020 a 010 B . (Link to J19%)
atl a00 N lagl  L(ag)
at2 00 M la | L(bg)

a+3 L(c)

o+d Control returns here
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o
'|Aa| if a =0 ,Abl iIf b= 0

A

a and Ab =

LlAbl if a=1 cjAp| £ b=

serve to define a and b .

Notes
(1) Making use of the general relationship f(k)(c) - k!°qk(c)
for 0 < k < N, one can use J194% to compute the values |
of the derivatives of a pol&nomial £(x) evaluated at
- X = c. In particular, for kel J19% duplicates the
function of J191.
(11) If M = N, then the (b,] computed by J19% also satisfy

the equation
N . N '

£(x) def }; a,x' = ; b, (x+c)t 2L g (x4c).
i= i :

(ii1) The {§¥} are not destroyed by JL94 if {P(ai)} are
disjoint from {P(b1)§° However, setting A, = A, and
L(ao) = L(bo) is permissible if the {ai}are expendable.

Timing
TﬂgéT' pairs of floating-point add andlmultiply orders

are performed for each entry.

Region A (erasable): 7 words AO - A6
Symbolic Code: 46 words’

Hlghest Symbol Used: * 10

Program avallable as: J194E

John Derr



Comls =200

1
J195E MAXIMUM ELEMENT OF A VECTOR -- FLOATING POINT

)

J195 1s a floating-point version of J174E. Let x = (xl,..'.,xn
be an n-tuple with real components. J195 will find the element

X, E{%i such that kal > Ixil for i=1, ..., n and if for some

A# k, lxxl > Ixil for i=1, ..., n, then k < 4. The element

X, will be in Al upon exit from Jiiﬁ, In addition, L(xk)-Q"39

will be 1n the A" upon exit from J195,

The elements {xiz of the vector x must be in the packed
internal form recognized by the Floating Point system and must
be.placed»in H.S.S. as follows:

L(xl), L(xg) = L(xl) + Ay e, L(xn) = L(xl) + (n-1)A, where
A1s an integer and |a| < 377g = 255,4-
Calling Sequence:
a 020 a 010 B8 (Link to J195)

o+l T n Jale L(x))

a+2 Control returns here
Here the * in step a+l corresponds only to A. The usage is
non-standard in the sense that the word in o+l must not be com-
plemented in the case of a negative sign. Mcre précisely, for
step o+l take | _
IA[ if the sign position of the word in a+l is O.
A[L(xi)] ) -|lal if the sign position of the word in a+l is 1.
Region A (erasable): 5 words (A0 -- Ak4)
Symbolic Code: 25 words
Highest symbol used: * 8

Program avallable as J195E

John Derr



J196E SOLUTION OF A MATRIX EQUATION AX = B WHERE A IS n x n
AND NON-SINGULAR -~ FLOATING POINT ‘

A link to J196 will result in the solution of the k
systems of n simultaneous linear equations '

n ,

;:; aiJ xj(z) = bi(l), i=1,2, ..., n,

in n unknowns for A= 1, ..., k. If we define the matrices

A, X, B by __
819 B1p eee By /&l:i; xl(g) ces xl(k) /bl(l) bl(e).
Aa;'aEl : = X5 . B= /bQ(l)
| ' : : :
\fnl cee Ay n(l) cee xn(k) bn(l)

then the two statements concerning the function of J196 are
equivalent. J196 also computes the determinant of A which we
denote as det A.

Calling Sequence:
a 020 a 010 B (Link to J196)

at+l k n A L(all)

a+2 Control returns here if det A = O
a+3 Control returns here if det A ¥ O
Before linking into J196 the user must place‘the elements

aiJ of A and bi(l) of B into H.S.S. locations as follows:

a ey, bl(l) bl(e) e bl(k)

11 212 —_—
asy @ o

LN Y

. o (1) 5 (2)

' k
nl ane e ann n bn( )

————

..bl(k}

b_(K)
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Basically, these locations differ by A. More precisely,
loc (ai,J+l) = loc (aiJ)( )"'A, ng, 2, sesy N-1,
: k
loc (ai,l) = loc (bi~l )+24, 1 ¥ 1,

loc (bi(l)) = loc (ai;n) + A, and
loc (b1¢£+l)) = loc (bi(lg) +0, d=1, 2, ..., k-1.

Upon exit from J196 these same H.S.S. locations will

contaln
(1) . (2) (k)
all ale * o0 aln XI Xl L Y x1 . Cl
Qo1 Gpp ev- .
(1) . (2) (k)
anl an cee ann xn xn ces xn Cn

In addition, det A will be in A 19. All of the numbers re-
ferred to are in the packed internal form recognized by the
Floating-Point Interpretive System. The quantities k, n, and A,
in the Calling Sequeﬁce are posltive integers with the obvious
upper bounds (77)8, (7777)8,‘and'(377)8, respectively. Clearly,
these are not least upper bounds.

The matrix q = (aij) 1s the n x n matrix obtained from A
by the forward solution part of the elimination process. The

) L, x ()

back solution part of the method. The n x 1 matrix (c

'n x 1 matrices <%1(X), are obtained in the

l’ 023 ® 00
cn) should be ignored by the user. It functions only as a

check on the computational accuracy of the forward and back-

ward solutions.
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Description of the Method

The basic method used is the Gauss elimination method. In'
the forward solution the matrix A 1is reduced to a triangular
matrix T. The solution of Tx = Eb is equivalent to the solution

of the original equation AXx = b, where E ='Erﬁi and the E, are

i
elementary matrices, 1i.e. E1M results in performing elementary
row operatibns on M. The back solution can be performed by a
simple substitution using the equation Tx = Eb.

The rule of formation of the sequence (El’ Eyy ov.) 1s
known as Crout's Method*. However, here the method is modified
s0 as to permute the rows of the resulting matrix, if necessary,
to use the element @, = Max (’aJi|> as the a,, pivot element

v 1<J<n
fOI‘ i= 1, 2, seey N

th

The computation of the. i row of T is checked versus
(1+l)2-10—6 accobding to the Crout criteria for checking.
Similarly, the caiculation of the ith row of X 1is checked

versus (1'1-1»1)2-10"6

- This method of checking will probably suf-
fice in most cases.w. r. t. testing for machine malfun&tions.
Note that this check does not guarantee that the solution com-
puted is "correct" in any norhal sense, since the ultimate
accuracy of the computed solution i1s limited by the inherent
error of the original system of equations. An exact specifi-
cation of bounds for inherent error is beyond the scope of
J196. However, loss of significant digits due to 111-
conditioning of the original matrix A can cause the checking

criteria not to be satisfied.

*See Numerical Calculus, pp. 17-29, by W. E. Milne



NOTES
(1)

(11)

(111)

(1v)

(vi)

J196E

J172, 3, 5 and J195 (or J174 in place of J195 if all
calculations are performed in the N mode) are slave
routines w.r.t. J196 and therefore must be used along
with the Floating-Point System in conjunction with J196.
Further, J172, 3, 5 and J195 (or J174) have the origins
WO, X0, 20, and YO, respectively, w.r.t. J196. Hence,
these regions must be assigned locations before J196 is
loaded.

A 13X halt will occur in the 120th word of J196 if the
computational checking criteria is not met in any row
during the forward solution. The calculation will con-
tinue if the GO button is pressed.

A 13X halt will occur in the 183rd word of J196 if the
computational checking criteria is not met in any row
during the back solution. The calculation will continue
if the GO button is pressed.

A 13X halt will occur in the 75th word of J196 if det A=0Q.
Control will link back to the main program if the GO
button 1s pressed.

Clearly, the original matrices A and B are destroyed
by J196.

The relation

n(ntk+l) < (4096-F) - 292 - 26 -M

must always be satisfied when using J196, where F = the
number of words used by the Floating-Point Interpretive

System and M = the number of words in H.S.S. occupled by
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programs other then Jl72, 3, 5 and J195 and the Floating-Point
System.

In order to get some real-live numbers, suppose
(4096 -'F) = 2960, A = 1, and M = 115. Then n(n+k+l) < 2527
must hold. If k=1, n < 49. If k=n, k=n<35.
Timing |

Since at the time of this writing no explicit times were
known for the floating-point operations, it follows that no
explicit timing estimates could be made for the general case.
Howevef, the following floating-point operation counts should
yield a reasonable measure of how the time will vary as a func-

tion of n and k.

Operation Counts for the Forward Solution

(f) n!n+2k+l 2
n3 k n2

(+) and (x) 3+ —5— for each

(approximate for large n or

Operation Counﬁs for the Backward Solution

(+) and (x) n(n—l%(k+l) for each

While operating in the SD Mode five seconds were required
for a solution with n=7 and k=1. This example can be used as g
reference point in the (n,k) plane to compute approximate absolute

times using the above formulae.

J196 Storage (without slaves)

Reg. A (erasable) 20 words (A6 - A 25)
Symbolic Code: 192 words
Highest Symbol Used: * 4.

k)
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Storage Used by Slave Routines (J172,3,5 and J195 [or J1T74])

Region A 6 words (A O - A 5) (Note that the erasable
storage used by J172,3,5 and J195 (or J174) does
not overlap that used by J196.)

Symbolic Code: 100 words (or 98 words 1va174 used in
place of J195)

Highest Symbol Used: * 8

Combined Storage Used by J172,3,5 and J195 (or J174)

Reg. A 26 words (A O - A 25)

Symbolic Code: 292 words (or 290 words if J174 is used
_ in place of J195)

Highest Symbol Used: * 41

Lattice Diagram Describing Master-Slave Relations

Ji7e J173 J195 (J174) J175
Q)
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J197A - AUTOMATIC SOLUTION OF A MATRIX EQUATION AX=B WHERE
A IS n x n AND NON-SINGULAR -- FLOATING POINT
J197 is an automatic version of J196. The user needs only
to record the necessary input data in punched cards, place
these cards lmmedlately behind J197, and press the LOAD button.
The sclution matrix, X*, which approximates X in the equation

AX=B will be computed and printed for each equation.

Input Form

Information should be punched in the Floating Point Data

Form as follows:

1st card for a problem

(1) (2)

+ EXP MANTISSA + EXP MANTISSA
n 1D K
L Any decimal L number of columns
information in the matrices
for problem ID X and B

order of matrix A

{} if A is not to be printed + 1if (aij) is not to be printed
— if A 1s to be printed —if (aij) 1s to be printed

The elements of A must be punched by rows into consecu-
tive positions of the cards beginning with the second card.
Each row must begin with position (1) of a card and if an EF
" mark (12 punch (+) in column 80) is encountered prior to the

reading of the nth

element of a given row, then‘J197 will assume
that the remaining elements of the row are O. (This does not,

of course, affect the six elements of A which were punched
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into the card with the EF mark.)

The elementa of B must be punched by columns into con-
secutive positions of the cards beginning with the first card
following the cards for A. Each column must begin with
position (1) of a card.

The solutlons for a sequence of equations AX=B can be
evaluated by placing the input cards for the equations in
sequential order behind J197. If the input cards are followed
by two blank cards, the collator will be on Select following

the completion of the last problem.

Qutput Form

The page wlll be ejected prior to the beginning of each
problem; The numbers printed will be in the external floating
point form. The print format is that described for the 013
(PNT) order in the Floating-Point writeup. The printing for
‘one problem takes place as follows:

A B c

Information in —_ + n ID + k ——
positions (1) and - -

(2) of 1st Input

Card

( If A 1is printed, then the printing for the ith row is

as follows:
Row number , i

ZElements of the row
begin here a

a

il i2

i3

a

If A 1is printed, the page is ejected following the

printing of the last row.
N .



Determinant — —_— det A

Space — — e

If (aij) is printed, the same procedure 1s followed as
for A.
X is printed by columns The printing for the,[th column

is as follows:

Column number y N - -

Elements of the column "

begin here . X (£) X (£) X (£)
1 2 3

Notes:

(1) The inequality n(n+k+l) < 2526 must be satisfied by n and
k. In particular, if k=1, then n must not exceed 49 and
if k=n, then n must not exceed 35. If n(ntk+l) > 2526,
the program will halt at 547hg with a 130 5474 order.

(2) A 13X halt will occur at 53348 if the computaticnal check-
ing criteria 1s not met in any row duriﬁg the forward
solution. The calculation will continue if the GO button
is pressed.

(3) A 13X halt will occur at 54338 if the computational check-
ing criteria 1s not met in any row during the back solu-
tion. The calculation will continue if the GO button is
pressed.

(%) A 13X halt will occur at 52578 if det A=0. If the GO
button 1s pressed, then det A and the current state of

the (aiJ) and X (or B) matrices will be printed. The next



J197A
.

problem in sequence will then be started if it exists.
(5) A check sum BX halt at OOl4g indicates that J197 has
probably been loaded incorrectly under the control of
J180A. The entire loading process should be restarted.
(6) The user is referred to the J196 write-up for a descrip-
tion of the method.

Program avallable as J197A.

John Derr



J198E SERIAL DRUM SIMULATOR -

J198 transfers any block of information from 1 to 9216
words in length to or from HSS from or to the drum. "Stepping

‘over" bands and positions is done automatically.

Calling sequence:

a 020 a 010 B
a+l g.2"39
a+ 2”39
a+3 00c n

a+4 Control returns here
where a = first drum address

b = last drum address

316'1f transferring from drum to HSS
@ if transferring from HSS to drum

c
n = first memory address

Words are transferred to or from HSS modulo the address 4oo6.

Starting at 0000 and going to 9215 inclusive, the order

of thé drum positions and bands used is as follows:

Drum Addresses Position Band
0000-1023 0 0
1024-2047 0 2
2048-3071 2 1
3072-4095 1l 0
4096-5119 2 0
5120-6143 1 2
6144-7167 0 1
7168-8191 2 2 ‘
8192—9215 .1 1

The fact that consecutively numbered blocks of words are not
stored on consecutively numbered positions or bands need not

.concern the programmer as long as he uses J198 for boﬁh reading



J199E SERIAL DRUM SIMULATOR WITH CHECK SUM

J199 transfers any block of information from 1 to 9216
words in length to or from HSS from or to the drum. "Stepping
over" bands and positions is done automatically. On exiting

4o

from J199 the sum, modulo 2, of the block of words trans-

ferred to or from the drum is left in the accumulator.

Calling sequence:

a 020 a 010 B
a+l g.2™39
at2 p.2739
at+3 00c n

a+4 Control returns here
where a = first drum address

b = last drum address

0 if transferring from drum to HSS
1 if transferring from HSS to drum

C =
n = first memory address

Words are transferred to or from HSS modulo the address 4096.

Starting at 0000 and going to 9215 inclusive, the order

of the drum positions and bands used is as follows:

Drum Addresses Position Band
0000-1023 0 0
1024-2047 o 2
2048-3071A 2 1
3072-4095 1 0
4096-5119 2 0
5120-6143 1 2
6144-7167 0 1
7168-8191 2 2
8192-9215 1 1

The fact that consecutively numbered blocks of words are not



JiyYhk
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stored on consecutivel&,numbered‘positions or bands need not
concern the programmer as long as he uses J199 for both read-
ing and writing. This ordefing must, of course, be taken into
account if the contents of the drum are dumped in the normal
position and band order, i.e. (0,0), (0,1), (0,2), (1,0), ...,
(2,2). '

Region A (erasable) - 7 words, AO to A6
Symbolic Code:A 44 words

Highest Symbol Used: * 19

Program Stops: None

Program avallable as J199E.

Marvin B. Shapiro



- 6-15-56 .

2008 . JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM g
Program Storage-’v296010:4 409510'(56208 - 77778)‘ '
All of the Floating Point Operations are recognized in

their mnemonic forms. by Jloo, J118._ o ' .

" LIST OF FREQUENTLY'USED LOCATIONS

Dec.  Octal . Contents

2960 5620 First Locat) on of Interpreter _

2963 E\ 020 I CTR.| 050 5 S

2980 564 . I Register '

4ok 7711 ~Error Halt Location

3040 5740 Trap Register - BRKPT ,

3041 5741 = All Orders

3042 5742 " " - Transfer

o mbn Ay
11 ‘ ntiss _

%788 ;174 072 [ i 025 7016 - Square Root Shift* |

3733 7225 022 7122 076 [ a ] - Series Shift# e

3999 7637 Series Test Number#* - '

306 5770 - Index Register A

3056 5760 - f : B

3052 5754 " " - C

3050 5752 - ' D

3049 5751 " L' E

3048 5750 " F

3597 ~ 7015 Integer - Zero

3598 7016 X - One

3666 70é6 Ihéeger,: Nine

3615 7037 " - Fifty

363 7062 . " . - Ten exp zero

3635 70@3 | ,f : - " " One

'3653 f0%3 : ‘ihééger = Ten eip;\Nine'".

» Let¢ﬁn-- f(n#l) - fn,Awhere fn ;s the nth approximatipn '

to the function f. The test for‘eonvefgence of £ ., to f
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is then made to depend upon the sign ofilanl 2% 2. z1is
always 252 for the SQR operation. For the ART, EXP, and LOG

operations Z is the‘series test number. The series test

numbef is ordinarily edual to 2f39 for theée three operations,
but it can be modiflied by the user. Hcwever, the series test
number 1s ﬁsually reset to 2~39 upon execution of a SIN or COS
operation. For the‘SQR operation q.. is q1 and ql is
ordinarily set to 5. waever; q, can be modified by the user.
The same situation holds for the SiN, COS, ART, LOG, and EXP

operations with q equal to P

Coding Aids Using J200F
1. To normalize the number in the AMQ, execute the following
instructiona outside interpreter control:
a-l --- --- 004 T112
a 020 \‘a 010 7575 (Link to count number of SD.
' Leaves number of SD in MQ.
atl 020 o+l 010 7624 (Link to normalize mantissag
a+2 Control returns here
2. To suppress Error Halt:
Replace the left operation of 7711 by 0lO.
3}' To suppress Error Halt and the subsequent trace print;ng,

replace the left operation and left address of 7711 by 010
5667 . |

Program availlable as J200B
J200F

John "Derr



9-12-56

~J201B
J201E PUNCH DECIMAL CARDS
,J201‘punches one decimal card containing 6 tweive—place

fields and a three-digit sequence number.

Calling sequence:

a 020 a 010 xXx
at+l — — — SEQ
0 1-6 7-19 20-27 28-39
at+2 kipy q — Ly
o3 Py T La
ath  kgpy 43 — Ly
a+5 kupu qu — Lu
a+6 k5p5 ' ag — L5
at+? k6p6 ' dg —— L6
o+8 = Control returns here
where:

0 (in sign position) if p and q poéitive
k, = A
1 1 (if the negative values of Py and q, are to be used)

the decimal point.

negative = number of lead zeros desired to be between
the decimal point and the first digit of
the word in memory.

{jpositive = number of decimal digits to the left of
Py

cluding 2°) to binary point.
negative = number of positions left from 20 (ex-

cluding'20§

to be. '

_ positive = number of gositiona right from 2° (ex-
q
where binary point is assumed

Li = location of the 1 th number.

continued



J201B, E
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The punched card form 1s:

Column
1 blank

2-4 sequence number
5-16 1st number
17-28 2nd number
29-40 3rd number
hi-ny - blank °

45-56 . 4th number
57-68 5th number
69-80 6th number

Ir Py and q, are positive field, 1 contains 11 digits
and a decimal point after the integer part of the number.

If Py and q, are negative, the absolute value of Py is
punched in the first column of the field followed by 11 digits.
An 11 is overpunched in the 12th column of the field
for negative numbers. No punch is used to designate positive

numbers.
If any cell in o+2 through o+7 1s left blank (zero),the
corresponding field on the card will be blank.

Program length: Region A. (erasable) - 30 words
Region:c - 171 words
No program stops.
Timing: Cards will be punched at half-speed with a reason-

able amount of manipulation between entering of the
program.

. Program avallable as J201B
J20lE

Marvin Shapiro



J202A - DUMP MEMORY TO DRUM

J202A is a oneécard self-loading routine which clobbers
cells 0000-0002, transfers HSS cells (3-102310)* to (3-102310)*
of the drum (position O, band O)* and then effectively hits

the load button. (The MQ is not cleared.)

* Note: The action of J202A can be changed in several ways.

(For example, any band position combination may be used.) In
particular, the right half of the 8's row and the left address
of the right half of the 6's row are flexible.

Norman Shapiro

NS:reg
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J203E INPUT ADDRESSABLE FLOATING-POINT DATA

A

J203E will read cards containing addressable floating point
data punched in the external floating-point form as described
in JOHNNIAC Note #66.

Calling quuence:
a - 020 o 010 B Link to J203E
at+l k00 a
a+2 Control returns to left of a+2

Cards will be read from the primary 1f k=0 and from the
secondary if k=1. Locations will be relative to a .

J203 does not require the presence of a floating-point
interpreter.

Note: J203E will destroy the origins of regions B, C, D
while loading, and must be loaded by J136A. J203 is avallable

only in style E. The J203E deck consists of 146 cards.

Timing: Cards are read at full speed. Each reference to J203
will lose one card cyclg;

Region A (Erasable): AO - AkO

Program: 132 words

Highest Symbol Used: *99

Program available as J203E

Norman Shapiro



J204A AUTOMATIC FLOATING POINT DATA DUMP

J204A is a self-loading program which effectively uses
only the first three cells of HSS (0000-0002) . The contents of
band 0, position 0 of the drum are clobbered.

J204A requires the presence of the current version of the

floating point system in H.S.S. If this condition is not already

met, 1t can be attained by placing a style F version of the
system between J2044002 and J204A003. The floating-point
system willl then be loaded into memory and the information pre-
viously present in the cells used by the system will be destroyed.

Any number of specified sections of memory may be printed.
Each line printed consists of two words in the floating-point
data format and the location of the first word. The locations
may be 1n octal or in decimal and are preceded by 7 extra zeros.
If both of the data words on a line are machine zeros, that line
is not printed.

The sections to be printed are determined by one or more
control cards, having the first and last addresses in the address
positions of the right half of the 9's row. A 9 punch in col.

41 causes decimal locations to be printed. The absence of a
9 punch in col. 41 causes octal locations to be'printed.

Printing is terminated by a blank card. After reading the

blank capd,JzouA effectively hits the load button.

Preparation of Deck:

J204A
Control cards
Blank card.



J204A
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HALT NIA = 00158. Check sum stop. . J204A has not read in
correctly and portions of the memory may have been ¢lobbered.

Drum Used: Position O, band O

Available as J20UA.

Norman Shapiro



gggg? JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM

Program Storage: 2960, - %095, (5620g - 777g) -
All of the Floating Point Operations are recognized in
their mnemonic forms by J100, J118. '

‘LIST OF FREQUENTLY USED LOCATIONS

Dec. Octal Contents

2960 5620 First Locat on of Interpreter
2963 . 5623 020 [I CTR.] 050 564k

2980 564 I Register

Lok 7711 ~Error Halt Location

3040 5740 ' Trap Register - BRKPT

3041 5741 - 'All Orders

3042 5742 " " - Transfer

3658 7110 AMQ §ng?ent .

6 112 AMQ Mantis

%7(538 ;174 o!(qz [ a ﬁl 025 7016 - Square Root Shift*
3733 7225 022 7122 o7o [ a, ] - Series Shift*
399 7637 Series Test Number#*
306 5770 Index Reglster A

3056 5760 " f B

3052 5754 " ! C

3050 5752 " : D

3049 5751 f iy E

3048 5750 ' F

3597 7015 Integer - Zero

13598 7016 "~ - One

3666 70é6 Integer - Nine

3615 7037 - - Pifty

3634 7062 " - Ten exp zero

3635 70@3 Y - f f One

3643 7073 Inéeger - Ten exp. Nine

* Let¢ﬁn = f(n+l) - fn’ where fn is the nth approximation

to the function f. The test for convergence of f

n+l to f



1s then made to depend upon the sign of lAnl . 27% .2, 2z is

always 2-39 for the SQR operation. For the ART, EXP, and LOG

operations 2 1is the series test number. The series test

number is ordinarily equal to 2'39 for these three operations,

but 1t can be modified by the user. Hcwever, the series test

number is usually reset to

2'39

upon execution of a SIN.or COS

operation. For the SQR operation q 1s q and q, is

ordinarily set to 5. However, q; can be modified by the user.

The same situation holds for the SIN, COS, ART, LOG, and EXP

operations with q equal to Qs

Coding Alds Using J20SF

1. To normalize the number in the AMQ, execute the following

instructions outside interpreter control:

a+2

-==  --= 0Ok
020 a 010
020 at+l 010

Control returns

2. To suppress Error Halt:

Replace the left operation

3. To suppress Error Halt and

replace the left operation

5667 .

Program available as J205B

John Derr

J205F

7112
7575 (Link to count number of SD.

~ Leaves number of SD in MQ.;
7624 (Link to normalize mantissa

here

of 7711 by 010.
the subsequent trace printing,

and left address of'77ll by 010



J206F JOUNNIAC FLOATING-POINT INTERPRETIVE SYSTEM #2

Program Stcrage:’ 2960lO - 409510 (56208 - YY((8)-
All of the Floating Point Operations are recognized in
their mnemonic forms by J100, J118.

LIST OF FREQUENTLY USED' LOCATIONS

Dec. Qctal Contents
29u0 5620 - First Location of Interpreter
293 5623 020 [I CTR.} 050 5044
2980 5o44 - I Register
Choki . 7711 Error Halt Location
3040 5740 Trap Reglster - BRKPT
3041 5741 ! ! - All Orders
3042 5742 " " - Transfer
365 7110 AMQ Exponent
30538 7112 - AMQ Mantiss . .
3708 - TLTH o2 [ aq 025 70lc - Square Root Shift¥
3733 7225 022 7122 070 [ 4, ] - Series Snift*
3999 TGL3T Series Test Number#*
3004 5770 Index Register A
3056 57¢0 ! ! B
3052 5754 " " C
3050 . 5752 ! - - D
3049 5751 ) ' E
3048 5750 . et F
3597 7015 - Integer - Zero
3598 70%6' " - One |
3606 7020 - Integer - Nine '
3615 7037 " - Pifty
3034 7002 " - Ten exp zerc
3¢35 7003 t - f " One.
3643 7073  Integer - Ten exp. Nine

» Let:ﬁn = f(n+l) —an, where fn is the nth approx;mation

to the function f. The test for convergence of f_  , to R

SRR
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1s then made to depend upon the sign of ]&n 2% L 2. 7 is

always 2737 for the SQR operation. For the ART, EXP, and LOG

cperations Z 1s the series ﬁest number. The series test

number is ordinariiy equal to 2"39 for thesg three oberations,
but it can Be modified by the user. 'H&wever, the series test
humber is usually reset to 2"39 upon execution of a SIN or COS
operation. For ghe SQR cperation q 1is q1 and q1 is
ordinarily set to 5. - However, q; can be modified by the us?r.
The same situation holds for the SIN, COS, ART, LOG, and EXP
operations with q equal to_q2.‘
quing Aids Using J206 :
1. To normaiize the number in the AMQ, execute the following
instructions outside interpreter control:
a-1 === --- 004 7112
a 020 ° « ,.010 7575 (Link to count numhef of SD.
' Leaves number of SD in MQ.
atl 020 a+l 010 7624 (Link to normalize mantissag
at+2 Control returné here
2. To suppress'Errér Halt:
Replacg the left operation of 7711 by 010.
3. To suppress Error Halt and the subsequent trace printing,

replace the left operation and left address of 7711 by 010
5667 .

| Program available as J206F

Norman Shapiro



J207A AUTOMATIC POLYNOMIAL FUNCTION EVALUATION - FLOATING
POINT

J207 1s an automatic version of J191. Thé user needs only
to insert the current version of the JOHNNIAC Floating-Point
System between the sécond and third cards of J207, to record )
the necessary input data in pqnched cards, place these cards
immediately behind J207, and press the LOAD button. The quan—'
tities p(x), wherg

p(x) =‘§; aixi, N > 1, will be computed and printed
1=

for each héader card.

Input Form

Information should be punched in the Floating Point Data

Form as follows:

Header card for a problem

(1) (2) (3)

x - * EXP MANTISSA
+ 00 N a

< 0 if the [ai} are
to be printed.

> 0 if the {8‘1} are
"not to be printed.

»

Positions (4), (5), and (6) of the header card are not inter-
preted by J207.
Coefficients {?i%

If new coefficients {?i} are to be used for this problem,

then they must be punched 6/card into consecutive positlons of



the cards beginning with the second card. Each row must begin
with position (1) of a card.

End-of-file card for a problem

The cards for one problem begin with a header card and end
" with a card containing an end-of-file mark (12 punch, +) in
col. 80 (called an end-of-file card). The end-of-file card
usually coincidés wlth the last coefficient card, but if the
coefficients from a previous problem are being used again (for
example, if x is a parameter), the end-of-file card can coin-
‘cide with the header card.* In any event, though, there must
be an end-of-file card for eéch problem. ' |

Sequence of problems

A sequence of polynomial function eQaluations can be per-
formed by placing the input cards for the individual problems
in sequential order behind J207. If the input cards are félé
lowed by two blank cards, the console will show "READER" follow-

ing the completion of the last problem.

Output Form

The page will be ejected prior to the beginning of the
first problem. .The numbers printed will be in the external
floating-point form. The print format is that described for
the 017 (PNT) order in the Floéting—?oint write-up. The print-
ing for one problem takes place as follows:

A B C
p(x) b N

* The storage reserved for the {91 is cleared to zero prior to

beginning the first problem and that storage is altered only by
reading in i?i



" If the {ai} are to be printed (d < 0), they are printed
3/1ine in the natural order:

Space _A B _C_
Coefficients

. a >

One space 1is skipped at the end of each problem.

Program available as J20TA.

John Derr and Norman Shapiro



J208A AUTOMATIC SOLUTION OF A MATRIX EQUATION AX=B WHERE
A IS n x n AND NON-SINGULAR -- FLOATING POINT

J208 is an automatic version of J196. The user needs only
to insert the current version of the Floating-Point System pre-
ceding the last card of J208, to record the necessary input data
in punched cards, place these cards immediately behind J208,
and press the LOAD button. The solution matrix, X#*, which
approximates X in the equation AX=B will be computed and printed
for each equation. 4

Input Form

Information should be punched 1n the Floating-Point'Data

Form as follows:

Header card for a problem

(1) (2)
+ EXP MANTISSA + EXP MANTISSA
n ID ‘ k-
L Any decimal L | number of colﬁmné
information 'in the matrices
for problem ID X and B

order of matrix A

_{+ if A is not to be printed + 1if (aij) is not to be printed
— 1f A 13 to be printed —-1f (aij) 18 to be printed

Data cards for a problem

The elements of A must be punched by rows into consecu-
tive positions of the cards beginning with the second card.
Each row must begin with position (1) of a card and if an EF
mark (12 punch (+) in column 80) 1s encountered prior to the
reading of the nth element of a given row, then J208 will assume
that the rémaining elements of the row are 0. (This does not,

of course, affect the six elements of A which were punched



into the card with the EF mark.)

The elements of B must be punched by columns into con-
secutive positions of the cards beginning with the first card
following the cards for A. Each column must bégin with
position (1) of a card.

cards for a Sequence of Problems

The solutions for a sequence of equations AX=B can be
evaluated by placing the input cards for the equations in
sequential order behind J208. If the input cards are followed
by two blank cards, the’collator will be on Select following

the completion of the last problem.
OQutput Form '

The page will be ejected prior to the beginning of each

‘problem: The numbers printed will be in the external floating

7\

point form. The print format 1s that described for the 017
(PNT) order in the Floating-Point writeup.

Printing for a problem

A B c
Information in —_— +n ID + kK —
positions (1) and - -
(2) of header
Card
Space — ' — —
th

' If A 1is printed, then the printing for the 1 row is

as follows:

Row number . i
Elements of the row
begin here a4y 840 a13

If A 4is printed, the page 1s ejected following the

printing of the last row.
N ‘

- - e e e

-2-



J208!

..3_
A B C
Determingnt —_— — det A
Space — — —

If (aij) is printed, the same procedure is followed as
for A.
I.}(;is printed by columns The printing for the,[th column

is as follows:

Column number A — . —_—

Elements of the column ;

begin here xl(l) x. (4) x3£l)
: . ' .

Notes:

(1) The inequality n(n+k+l) <2526 must be satisfied by n and
k. 1In particular, if k=1, then n must not exceed 49 and
if k=n, then n must not exceed 35. If n(n+k+l) > 2526,
the program will halt at.5474g with a 130 5474 order.

(2) A 13X halt will occur at%53348 if the computational check-
ing criteria is not met in any row during the forward
solution. The calculation will continue if the GO button
is pressed.

(3) A 13X halt will occur at}5H338 if the computational check-
ing criteria 1s not met 1in any row during the back solu-
tion. The calculation will continue if the GO button is
pressed. .

(%) A 13X halt will oceur at-52578 if det A=0. If the GO

| button is pressed, then det A and the currént state of

the (aid) and X (or B) matrices will be printed. The next



J208A

problem in sequence will then be started if it exists.
(5) A check sum 13X halt at OOlkg indicates that J208 has
probably been loaded incorrectly under the control of
J180A. The entire loading process should be restarted.
(6) The user is referred to the J196 write-up for a descrip-
tion of the method.

Program available as J208A.

John Derr
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J20%E PUNCH STYLE E

J209 will punch the biock of words from a to b into
style E cards, in octal, one word per card. The location
fields of the cards will be left blank. Since the information
will be punched in octal, commas will be punched into columns

22 and 31.

Calling sequence:
a 020 a 010 B Link to J209
atl a b

a+2 Control returns here

Program length: 52 words
Erasable: AO - Al2
Highest symbol used: *13

Timing: Cards are punched at full speed, 100 cards per minute.

Available as: J209E

Norman Shapiro



J210E EVALUATION OF A ROOT OF A POLYNOMIAL WITH COMPLEX
- COEFFICIENTS ~-- FLOATING POINT

J210E is a more flexible version of J1S7E. J210 will
compute, by an iterative process, up to n roots of an nth

degree polynomial equation of the form
n

i
£(z)= E C,2” = 0, where C,

is a complex number for 1=0, ..., n. Along with egch root f
computed, the multiplicity k of 8, |g(f)| and the new reduced
polynomial g(z) are available to the user. The user may, for
each root f, constrain the convergence of the process by speci-
fying aﬁ initial guess Zq and by modifying certain sensitive
quantities. o

J210 must be used in conjunction with the current version
of the Floating-Point System. J210 is entered in two ways.
The main entry (polynomial entr&) is performed by basic linkage

and results in normalizing the polynomial f(z) into monic form,

-

i.e.
N
(z) = a,z0 %, where a_ = 1 = on and C = C L=
& 1 ’ 0 Ty N+1 T UNe2 ST v

=C, = O. In all succeeding re-entries (root entries), an
attempt is made to compute a new root of the reduced polynomial.

Calling Sequence:

a 020 a 010 B (polynomial entry to lst word of J210)
atl 200 L(C.) |al n
a+2  Error return (Control returns here if N=O for the

polynomial entry or if the process
does not converge for a root reentry.)

(Calling Sequence continued)



Calling Sequence (continued)

a+3 First Root return (Control returns here following
polynomial entry to J210.)

a+l Intermediate root return (Control returns here following
the evaluation of a root of f(z).)
Before the polynomial entry to J210 is executed, the coeffi-
cients {Ci} of f£(z) must be stored in H.S.S. locations as follows,

where a=flolifa=0 o that lal > 2):
-lal if a = 1
L(cn)---crR = real component of Cn in floating point internal form

L(Cn)+l—--cnI = imag. component of Cn in floating pt. internal form

. . . L] . . . . - . 3 .
. L] . . . . . . . . .

L(Cn)-m-A——COR = real component of C0 in floating pt. internal form

I

L(Cn)+n°A+1-----C0 = imag. component of Cy in fl. pt. internal form

The following locetions contain the current values of quan-

tities which are of interest to the user and to J210:

R
21
BO1 -—AziI = imag. component of the current approximation to Q.

BOO — = real component of the current approximation to Q.
BO2 — |g(Q)|, where & is the last root evaluated.

BO3 — k = current estimate of multiplicity of 2y

BO4 — N = current degree of g(2)

BO5 — (n-N) = number of leading zero coefficients of f(z).

r

B10 +6J (J=0,...,N-1) «»a1+J

= real comp. of the coefficient of

zN-l‘J in g(z).
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Bll +6J (J=0, ..., N-1) —-a1+JI = imag. comp. of the coefficient
. of zN°17J 4p g(z).
E281 (*88) — 1 = gﬁﬁigﬁghggmg§rl7£Ni ﬁggtﬁ?ns in the first cycle
(I=17 unless changed by user)
E282 (*#89) — ¢ = maximum number of iteration cycles
(C=7 unless changed by user
E285 (*96) — € (e =10"7 unless changed by user)
E286 (*97) — q (g = 107" unless changed by user)
E289 (*94) — 8 in floating-point (ti=10'3 unless changed by user)
E290 (*95) — & in fixed point scaled 2° (6»10_3 unless changed
- by user)
All root entries (reentries) to J210 are made by trans-
ferring to EO%6. If the root return is made to the right of
"EO46, then J210 will use the contents of BO and Bl for the

initial guesé, Zqys to Q. Otherwise, J210 will set

N N
Zg = \/laN + 1 \/laNI . Prior to any root re-entry to J210,

the user is free to alter Y I, C,€, n, and & as he sees fit.
Upon return of control to_a+2; a+3, or at+4 the user will prob-
ably want to utilize some of the quantities zi, Ig(n)[, k, N,

n-N, and the {ai}. If control returns to the Intermediate root
return, the user may assume that § =7zi, k = the multiplicity

of § and N is the degree and the {ai}
the new reduced polynomial g(z). It is important to observe

are the coefficients of

that the user must program the decision to terminate the compu-
tation of roots of f£(z). This can,usually be done by testing
N=0 for every intermediate root return if all of the roots of

£(z) are desired.
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Description of the Method

Set qo(z) = g(z) and let qJ(z) be defined by qJ_l(z)
=(z-zi)qJ(z) + qJ—l(zi) for J=1, 2, ..., N. Let the non-
negative integer £ be defined by £=0 if tgﬁ(zi)' > 1 Iql(O)I

o 2+l
and by |gm(zi)| <1 |qm(o)| for m=0, 1, ...,£ and lg (zi)l
> 1 'q£+l(0)|*. Then the baslic iterative process is defined by

(k-)£ (2,)
(Az)1 = 2+l( , Where the determination of
f 2

1)

k-4 is yet to be explained. If £=0, then k-£4=1. Hence, when
£=0, the basic process reduces to the Newton-Raphson process.

If £>0, then make use of the fact that

gz(zi) Zi"o '
g 2y

provided £ is a root of g(z) of multiplicity k.
£ )/

8" (2,)/8" 1 (z,)
b L+1 -1 )4

g (Zi)/g (zi) -8 (zi)/g (zi)

Compute x = Suppose

x ® an integer I > 2. More precisely, if xR‘Z,?-ﬁ; x| + *® < 5,
f >sl-6}or risjﬁj(where f is the fractional part of xR), and

xR.S N - £+1, then set k-Z=x-1 and k=x+£-1. Otherwise, set

k-2=1 and k=f+1.%*#

The basic iterative process 1s modified#**#*at every fourth

* In JI5TE, A= To™2.

*#% The p used here is 10~

1 4n J157.

**% Tn J157, this modification does not exist.
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iteration of a cycle, provided £=0. Compute

(8x)4 4

‘Determine as above whether or not x = an integer I such that
2 <ILN. If so, then set fm=l and carry out the basic process for_!
£>0. If not, then repiace (Ax)i_by (Ax)i3/(Ax)i?l .

In the former case (x = I such that 2 < I < N), multiple
roots can be detected prematurely although sometimes a Set of
distinct roots will look like one big multiple root to the
process with multiplicity equal to the sum of the respective
multiplicities.

In the latter case, the convergence for the pair of steps
1-1 and 1 1is accelerated. 1In fact, the convergence becomes
of the third order. Hence, half of the time (more than half in
the éase of multiple roots) the combined process is a third

order one. Simultaneous with the Jump to third order conver-

gence, however, the domain of convergence is decreased.

Convergence and the Choices of 2,

The criteria for convergence of zy to © requires that
I(Az)il < Izil'e, i.e. that the relative error in f shall not
exceed €. '[z(Q)]| provides an independent check on the computa-
tion. Note though that J210 does not substitute & back into
£(z).

The system which J210 uses for starting the iterative proc-

ess breaks down into C iteration cycles. The first iteration



cycle allows a maximum of I+N/2 (mod %) iterations and this

maximum 1s increased by 4 for each succeeding iteration cycle.

On the first cycle zO is chosen as described above. On suc-

cessive cycles Zg is set equal to a complex number with modulus

= vEE— according to a fixed pattern, where ay is the constant

coefficient of g(z). The éetﬂof values of Zq includes points

in all four quadrants and contains at most seven distinct points.
Any cycle can be interrupted by convergence. If all C .

cycles are executed in their entirety, then the process has not

converged and control will return to the Error return.

NOTES

(1) 1If f£(z) has real coefficients, and if & 1s a proper
complex root, then set Zq = Q#* (the conjugate of ), provided
q* has not already been evaluated.

(2) In general, do not set Zy = a2 real number unless only
real roots are desired.

(3) 1In general, € should not be less than 10'8, since
9 digit arithmetic is used.

(4) In general, as n 18 increased, the process will tend
to produce more multiple roots. For example, as n 1s increased,,
distinct roots (as well as true multiple roots) are more likely
to be identified as multiple roots. Conversely, as n 1s de-
creased, multiple roots (as well as distinct rootS) will tend
more to be identified as sets of distinct roots.

(5) Essentially, the statement of (4) for n holds for &

as well, although not for the same reason.
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(6) The values of the roots, as well as their multipli-
clties, can vary significantly with the order in which they
are determined.

(7) The nature of an error return can be determined by an
examination of N. | |

(8) J169 and J170 are slave routines w.r.t. J210 and
therefore must be used along with the current version of the
Floating-Point System in conjunction with J210. Further, J169
and J170 have the origins YO aﬁd ZO respectively, w.r.t.VJ210.
Hence, these regiong must be assigned locations before J210 is
loaded.

(9) 1f the process does not converge‘ BO and Bl contain
the last approximation to a root . Also N and the {;1+J}
give the coefficlents of g(z).

(10) The reader is referred to the J157 write-up for
1nfofmation of a more general nature.

J210 Storage (without slaves)

Region A (erasable) 27 words (A00-A26)

Region B (semi-erasable) 10+6N words (BO - B9 + 6N)
Symbollic Code: 320 words

Highest Symbol Used: %99

Storage Used by Slave Routines (J169E and J17OE)

Reglon A (erasable) 7 words (AO - A6)
Symbolic Code: 27 words
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Combined Storage Used by J210, J169 and J170

Region A (erasable) 27 words (AOO - A26)
Region B (semi-erasable) 10 + 6N words (BO - B9 + 6N)
Symbolic Code: 347 words

Lattice Diagram Describing Master-Slave Routines

'J169 J170

J210

John Derr
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J211A AUTOMATIC COMPUTATION OF THE ZEROS OF A POLYNOMTIAL
WITH COMPLEX COEFFICIENTS -~ FLOATING POINT

J211A makes use of J210 to compute the roots of polynomiéls.
The user needs only to place a éopy of the current version of the
Floating Point System before the last card of J211, record the
necessary input data 1n punched cards, place these cards imme-
diately behind J211, and press the LOAD button. The roots of
the polynomials will be computed aﬁd printed one at a time.

Input Form

Information should be punched in the Floating Point Data
Form as follows:

Header card for a problem

Pos (1) s T+ (blank) if all coefficients are real
- 1f any coefficient is not real
EXP m = the maximum number of distinct roots
.to be evaluated (usually m=n). If
m=0, then m will be set = n.
MANTISSA ID (If ID=0, then the coefficients of f(z)
will be printed.)
Pos (2) S 1ff -, set 0%=0 when | 2| < € |¢F].
EXP Iff O, the final reduced polynomial g(z)
will be printed.
MANTISSA n = degree of f(z).
Pos (3) zoR
Pos (4) zoI Iff zoﬁo, the starting value for the first
' iteration cycle and for the first

root will be Zq -
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Pos (5) Iff €40, then € will replace the€ (1077)
~ in J210.

Pos (6) Iff n#0, then n will replace the n (10-4)

in J210.

Coefficlent cards for a problém

The coefficients are punched 6/card into consecutive
positions of the cards beginning with position (1) of the next
card after the header card. If the sign in position (1) of the
first card.is + (blank), then only the real components of the
coefficients are to be.punched and these must be in consecutive
positions (no gaps). Otherwise, the real and imaginary compon-
ents of each coefficient must be punched. The last card for

each problem must contain an EF mark (12 punch (+) in col. 80).

A sequence of problems

The roots for a sequence of polynomials can be evalu-
ated by placing the input cards for the polynomials in séquential
order behind J211A. If the input cards are followed by two
blank cards, the console will show READER upon completion of

the last problem.

Output Form

The page will be ejected prior to the beginning of each
problem. The numbers printed will be in the external Floating
‘ Point form. The print format is that described for the 017 (PNT)

order in the Floating-Point write-up.
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Printing for one’problem

A B C
Information in posi-
tions 1,2,3 of header ' + R
card "4+m ID Z0/1 n Zg
Information in posi-
tions 4,5,6 of header I
card zq € 1

If ID = 0, the coefficients of f(z) will be printed in positions
A and B as follows:
Space  — —_— —_—

R I,,R
Coefficients begin here C, C, /Chq —

Coefficients end here CéR/CIR COI)COR/blank S—

Space —_— —_— —_—
Roots begin here e —— k1
) R
a, ol le(a,)]
—_ S k
p
(p°P) 1ast root com-
puted ﬂpR OpI | le(,)]
Space . — — —_—
Space e e ¥ ——

If 0/1 = 0, then the coefficients {91} of g(z) will be printed

as follows:

Coefficient of zN . a a N
0 (¢]
Constant coefficient a;% _ aNI 0



J2L1A
T

NOTES

(1) If n exceeds 450, then following the printing of the
contents of the header card and theAprinting (1f any) of the
coefficients of f(z), J211 will begin the next problem (if any).

(2) p<min (m, n) and N<n - i; ky,where here N denotes
J=
the degree of the last reduced polynomial g(z).

(3) If £(z) has real coefficients, Q' ¥ 0, and IQII.Z |0k|~€,
then J211 will set Zq = & QI, provided att _ ol %as not been
evaluated pfeviously. |

(%) If the process does not converge, then the printer

R, ziI, and |g(zi)l will be printed on

will be spaced twice, z,
one line, and the printer will be spaced twice again. Then if
0/1 = 0, the coefficients of g(z) will be printed as described
above. 1In any event, J211 will then begin the next problem (if
any). o
(5) The following approximate times were recorded while
Voperétingvin the SD mode:
3

z° - 1 required 10 sec. 22 -1 required 34 sec.

29 - 1 required 1 min. 10 sec. zl7- 1 required 5 min. 10 sec.

33

277~ 1 required 30 min.

(6) The user is referred to the J210 write-up for a de-
scription of the method. | »

(7) The computation for any one problem can be interrupted
by manually transferring to 55608. The result will be the same
as in (4). Note that the coefficients of g(z) will be printed

only if 0/1 = 0.
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(8) J210 has been modified by placing breakpoint tracing

marks in certain key words. Thus, if T2 is on, the following

information will be printed:

5160
5162

5211
5213

5251
5253

5254
5256

5435
5436

2t

halves computed (Az)i and subtracts from zy, if
lf£+l| <n qu+1(°)| and Ifﬂl > n2|q£(0)|

xR is compared with 2-6 and lxI| is compared with

XR |

the computed (Az), is multiplied by k-£
1

the computed (Az)i is added to z,
. 3 2
the computed (Az), 1is replaced by (az)7- /(az)y

and added to zi.

Program available as J211A.

John Derr
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J212A AUTOMATIC LEAST SQUARES POLYNOMIAL APPROXIMATION --
FLOATING POINT

J212 is an automatic version of J178. The user needs only
to insert the current version of the Floating-Point System pre-
ceding the last card of J212, to record the necessary input data
in punched cards, place these cards immediately behind J212, and
press the LOAD button. The coefficients {gi}of the approximating
polynomial M

f(x) = ) aixi
3 15

will be computed and printed for each header card.

Input‘Form

Information should be punched in the Floating Point Data
Form as follows:

Header card for a problem

pos (i) S + if datautriplets are to be printed
- 1f data triplets are not to be printed
EXp M = degree of polynomial £(x)

MANTISSA ID (any decimal information)
pos (2) s + 1f data cards follow
| - if ho data cards follow
EXP Blank |
MANTISSA N = number of points
pos (3) s Bl;nk (or +) |
EXP 00 ir (xi,yi,ri) 18 to be printed

Ol if (x,,¥,,¥;) 18 to be printed
MANTISSA  [§1f d=0 for A < g < M,
.{;jotherwise
Positions (%), (5), and (6) of the héader card are not inter-
Ppreted by J2124.

1 ri = yif =Yy Hence, yi* = ry + Yy
2 See J178 write-up.
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(xi,yi)Data cards for a problem

The number pairs (xi,yi) must be punched in consecutive

three-position blocks beginning with the first card followling

the header card.

1 @ @3 W ) (6

lst Card Xy A -—- X5 Yo -
last card (N even) Xy , YN-1 - Xy yy -t
(N odd)  =xy YN --- -—- -— ——t

Further, there must be an end of file mark (12 punch) in column

80 of the last data card.

Cards for a sequence of problems

) Tbere is a one-to-one correspondence between header cards
and problems. .A sequence of problems can be solved by placing
the associated header cards together with the data cards
following (if any) in sequential order behind J212. If the
entire deck of input cards 1s followed by two biank cards, the
console will show "READER" following the éompletion of the last

problem.

Output Form

The page will be ejected prior to the beginning of each
problem. The numbers printed will be 1n the external floatling
point form. The print format 1s that described for the O17

(PNT) order in the Floating-Point write-up.



Printing for a problem

A B C
: § EXP MAN § EXP MAN § Exg MA
Information - M ID . — 00 N Z0°/1 €/
in header card
Space — — —_—
Coefficients ao al G
Spacé — —_—

If'the number triplets are to be printed, they are printed

one triplet per line in the natural order.

%) 4 r /v *
*2 RE ra/yo*
N N rN/YNt

Notes
(1) Prior to entry into J178, the set of {}ii is replaced by
the set of {?1 - ﬁ} where
| N

im

Upon exit from J178, J194 is used to compute the coeffi-
cients {ai}.
(2) 1 <M< 5@nd Mkl < N < 120" must hold.

(3). If J%0, then the decimal equivalent of the octal number
- d di éé dé 5L dé must be presented to 'J212. For example,
suppose M=5 and 1t is desired to impose the condition that

1 The upper bound of 120 on N was artificially imposed.



(4)

(5)

(6)

Jelch

o

the odd powers of xi shall vanish. Hence, we want

a, = a; = ag = 0. Then d'= (101 010), = (52)g = (¥2)14-

J = 42 1s presented to J212.

A 13X halt will occur at (2R3#)8 1f the computational
checking critefia 1s not met in any row during the forward
solution in J196. The calculation will continue if the

GO button is preased. This halt can occur due to the loss
of significant digits 1n the matrix solution.

A 13X halt will occur at (2533)8 if the computational
checkihg criteria is not met in any row during the back
solution. The calculation will continue if the G0 button
is pressed. This halt can occur dﬁe to the loss of sig-
nificant digits in the matrix solution. ‘

A 13X halt will occur at (2357)8 if det T = 0. If the

GO button is pressed, then J212 will exit J196 and J178.

1f printing occurs upon completion of this problem, the
results will be incorrect. -J212 will continue ahead to the
next problem if there 1s one.

A check sum 13X halt at (00l%)g indicates that J212 has
probably been loaded incorrectly under the control of J180A.

The entire loading process should be restarted.

Accuracy

Using Xy = 0(.05)1 and the exact corresponding values of

¥y obtained from a table of Legendre polynomials of degrees

M=2, 3, 4, 5 the number of correct significant digits obtained

in the computed coefficients was as follows:
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M=2 9 digits M3 9 digits
M=4 8(-) digits M=5 7 digits

Timing
See the discussion of timing in the J178 write-up. The

times there do not include input-output times, however.

'Program available as{JEiéA:.

Jochn Derr



J213A CHANGE ADDRESS FIELDS

J213A will reproduce style E égrds changing the location
and address fields which have specified contents to specified
quantities.

For the purpose of this write-up an address may be regarded
as a sequence of four alpha-numeric characters. 1In ﬁsing J213A
a sequence of pairs of addrqss?é a0 Bl, ey Qo Bi’ ceey
Qs ﬁn i1s specified on control cards.‘ A deck of stylejE cards
will then be processed. All informetion except the 1nformat16n
in the location and address fields will be duplicated. Any
location or address field not equal to any of the ay wili be
duplicated. A location or address field equal to one of the &i.
will be replaced by the corresponding Bi'

' The pairs a,, Bi are placed 1n thefleft and right addreas
fields of successive style E control cards.

In determining if two addresses are ' equal it is reqﬁired
that they be equal, character by character. In particular,
addresses which differ only in that zeros are replaced by blanks
will not be regarded as”equal. This can be changed by turniné
71 on. If this 18 done, addresses which can be made equal by
changing zeros to blanks_will be régarded as equal and no zeros
will be punched in location or addreés fields.

The cards punched are ordinarily echo checked. T2 on will

suppress echo checking.
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Preparation of Deck:
J213A
Control Cards
Blank Card
Deck to be Processed
2 Blank Cards
13X stops: While reading in Program; check sum stop.

While processing cards; Echo check stop.

Program available as: J213A

Norman Shapiro
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" J214E NATURAL LOGARITHM

J214% computes the natural logarithm of a number y,
where 0 < y <'239.

J214 is entered with 2™%y in MQ, where O < 2"% < 1 and
-39 <@ < 39. On exit from J214 2721n Yy 1s in the accumulator.

Calling sequence:
a 020 o 010 B
at+l q.2°39
at2  Control returns here
Program stop at word 27, right, if y < 0. Hit GO to exit from
J214, accumulator will contain ‘2'qy|.
Region A (erasable): 5 words, AO to Ab.
Symbolic code: 36 words
Highest symbol used: * 10
Timing: J214 has 7 multiplications and a division as compared
to 40 multiplications fér J190; |
Accuracy: Logarithm accurate to 9 decimal places.

Program available as J214E.

The power series used was taken from the ILLIAC manual, Code 43.

»

Marvin Shapiro
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J215E 10 PT. GAUSSIAN INTEGRATION -- FLOATING POINT

b
Jels computes\/g f(x)dx using a'10 point Gaussian formula.

This 1is equivalent to approximating f(x) by a polynomial of
degree 19.
Auxliliary routine:

J215 utilizes an auxiliary subroutine written by the
programmer to compute f(x). This subroutine is entéred from
J215 with x in the floating-point AMQ. The calling sequence
to the subroutine is:

4% 00 ¢ 010 FO

Y+l Control returns to left of +l1 in floating poiﬁt
At step y+l f(x) must be in the floating point AMQ. The exit
from the auxiliary subroutine must be made with the floating
point system in control.

Calling sequence:

a 020 a 010 B ‘
a+l a gin floating point formg
a+2 b in floating point form

a+3 Control returns to the left of a+3 in floating point.
a and b must be in the floating point data form. The final
exlt from J215 to step a+3 is made with the floating point
system in control.
On exit from J215_/£b f(x)dx will be in the floating point
AMQ and in cell A O.

Region A (semi-erasable): 4 words, A O to A 3. Region A is
erasable except for the f(x) routine.

Region F: f(x) routine
Symbolic code: 46 words
Highest symbol used: * 16
Program available as J215E.

Marvin Shapiro
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J216A . JOHNNIAC MUSIC

Anyone who can read music can write or transcribe music
for the JOHNNIAC. The following staffs show the allowable

notes and their JOHNNIAC Music Assembler designation:

—Eo— &2

o &>
hqy ==
D En EP-
DR
O\ /;‘3\_@ ‘Aa
ME - Ez) =
-

-2
2
453&'@£>
2y ~—

<>, :
O
Sharps are denoted by an asterisk (*), flats by a comma (,).
Any valued note may be designated for the assembler. For

example:

PPN

—r

Y

would be written as:

Col. 9 10 11 13 14 16 17
F * 4 0 1 0 4
A 4 0 1 o 8
a 4 0 1 o0 2
c 5" 0 1 1 6
F * 5 0 3 0 8
B , &4 0 1 3 2
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The time signature need only be entered upon the first

card and the beats per minute also need only be entered on

the first card unless 1t changes during the progress of the

song, whence i1t should be entered again.

The decimal card form for input is as follows:

Cols.

1 and 3
5-7

9

10

11
13-14

16-17
18-80

Description

Time signature

Beats per minute

Note (Alphabetic designation)

Sharp ﬁAsterisk (#) if note is sharped;
comma (,) if note is flatted)

Octave (Numeric designation shown in
above staff)

Numerator of value

Denominator of value

Comments

A rest is denoted by an R in the note field, sharp and

iy

octave must be blank.

An End of Song (or File) is a blank card and reading

ceases at that point.

The Deck is made up as follows: The JOHNNIAC Music

Assembler, the decimal song deck, and 3 blank cards. The

whole deck is read from the primary feed of the reader. When

the end of file card is reached, the machine will stop unless

T3 is on. If T3 is on, a complete self-loading binary deck

will be punched, and then the machine will stop.

In order to play the tune, put the Hoot Selector on

105, press the reset button next to the Hoot Selector and hit

GO. To stop the song at the end, put Hl on, to repeat, hit

GO. The above instructions also hold when playing the song

from the binary deck.
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The switches T1 and T2 may be used to alter the speed

of playing the song, as follows:

Tl off T2 off -
Tl on T2 off -
Tl off T2 on -

Tl on T2 on -

as written

play twice as fast
play 4/3 as fast
play 4/5 as fast.

Decimal input forms are available, and any questions

will be answered by M. Bernstein.
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J217A STYLE D LOWER LOADER

J217 will load itself and the following style D binary
cards into H.3.3. checking the check sum of most cards. The
loader will not check the check sum of any card which has a

9 punch in col. 1.

-~

Loading will cease when the loader encounters a card

which has no 9 punch in col. 41. The loader will then execute

the operation in the 9's row cols. 1-7 in assoclatlon with the

address in the 9's row cols. 29-40 of this card.

If the check sum falls tc check,there will be a program
stop with NIA = 00378. The accunulator will contain - % (card
check sum - computed check sum)}. To continue, hlt GO; no
cards are lost in this process. A

To re-enter the loader, transfer to the left of 00018.

Program Location: 0000 - 00438

Program Stop: NIA = 00378- check sum stop.

Program available as Jz1T7A.

s /42%?j§~ D occjﬁ;;vzzzn e ¥ 3ax/ ééﬁf;;v;zzz;xizg

[J AL

‘M. I. Bernsteln
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J218A STYLE D UPPER LOADER

J216 will load itself and the following style D binary
cards into H.S.S. checking the check sum on most cards. The
loader will not check the check sum on those cards which have
a 9 punch in col. 1.

Leading will cease_whedbthe loader encounters a card which
has no 9 punch in col. %1, the loader will then execute the
operation in the 9's row col. 1-7 in association with the'
address in the 9's row cols. 29-40 of this card.

If the check sum fails to check, there will be a program
stop with NIA = 7777g- The accumulator will contain - % (card
check sum - computed check sum){. To continue loading, hit GO.
No cards are lost in this process.

To re-enter the loader, transfer to the left of 77418.

Program Location: 77348 - T1TTg

Program Stop NIA = 77778 Check Sum Stop

Program available as J218A.

M. I. Bernstein
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J219A STYLE D CHECK SUM CORRECTOR

J219 1s a self-loading program which will correct check
sum8 in Style D binary cards. If a 9 punch is present in col.
1l to prevent the check sum from being checked while loading
with J217A or J218A, it will be eliminated before the new check
sum 1s formed.

The cards which are to be corrected should be loaded imme-
diately behind J219 plus three blanks at the end. Card for
card each one 1s read and a new one is punched until a card

with no 9 punch in col. 41 is encountered, at which time a pro-

gram stop occurs with NIA = 01448.

Program Stops: NIA = 01448 - end of program
Prdgram available as J210A.

M. I. Bernstein
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J220E SOLUTION .OF A SYSTEM OF ORDINARY DIFFERENTIAL
EQUATIONS - FLOATING POINT

J220 solves a set of differential equations with the
following call sequence:

a 020 a 010 3

a+l d

a+2 Return (outside floating point control)
where d 1s the location of the first word of the auxiliary
subroutine. '

The following libraryvregion bases must be designated
before input of this subroutine in the following manner:

Region Origin Use

D a The numbers in a+l are the variables ¥y

(1=0, ..., n-1). Originally the initial
values are placed here.
The origins of regions E, F, and G are used as preassigned
parameters by J220.
E - b-a The numbers in b+l are the scaled derivatives,
hy'i, calculated by the auxlliary subﬁg?tine
. b 5 a+n-1. i .
- F c-b Locatlions c+l1 are used as temporary storage for
this subroutine. These locations must be cleared
to zero before this subroutine 1s entered for.

the first time. ¢ > b4n-1l.

S

7

G © ¢+n n 1s the number of differential equations to-
} be solved.

Region A (erasable): 4 words

Symbolic Code: 45 words

Highest symbol used: * 48

Program avallable as J220E

1 This routine 1s a floating point version of J126. PFor a
description of the method see the writeup for J126.
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J221E PRINT DECIMAL NUMBERS - VARIABLE FORMAT AND SCALING

Calling seq:

Loc oP ADDR op ADDR
n 020 a 010 B
a+l ’OOO 0000 000 84
a+2 000 Ll 000 a,
af3 OQO Py OQO gl
a+3w-2 000 0000 000 s,
a+3w-1 000 Lw 000 9,
at+3w 000 Py, 000 kw
at+3w+l 100 AL © 000 n
a+3w+2 Control returns to left of a+3w+2
Ly: Location of et print word on first lilne 0000 < L, < TT77g
AL: Increments of locations of print wordél) | OOOO_S AL < 7777
s,: Space to left of 1% yord on each 11ne (1) 0< Si‘s 120,
q;: No. of bits (excluding 2° bit) to left of
binary point in 1*® word cn each 1line - 0<q 39,
Py Number of decimal digit positions to left of
decimal point in 1% word on each line 0 <py <11,
ki: gg?gegnogaggciTié(gfgits to be printed in 1?h l'< K <11
= 71 = 7710
n : Number of lines

w
Restrictlon ¢ () +s,+1)+(the number of i with p, < k,) < 120
=1

J221 will print n 1lines, w words per line.thThe scaling and
format specification must be the same for the i word on each line
(1 <1 <w) and is specified in the calling sequence, by a+31-2,
a+31-1 and a+3i. The locatlions of the ith word on successive lines
must differ by 4L, i.e., the locations of the 1th word on successive

(l)A more precise definitionlappears below.
(2)1f p > k, the k most significant digits will be printed.




J221E (Cont.)

lines must be L,, L,+AL, "°°, Li+(n-1)AL.

‘Leading zeros but not following zeros will be suppressed.
Decimal points will be printed except when p > k in which case
no space will be allocated for the decimal point. Signs will be
printed 1mmediately to the left of the first digit position., Plus
signs will appear as blanks.

Sy is the number of blanks to appear to the left of the sign
position of the ith vord on each line.

An incorrectly scaled number will appear as a sequence of
decimal points. The numbers to be printed will be approximately
rounded. Number which can be printed exactly within the specified
format will be so printed (regardless of rounding). Numbers which
are correctly scaled before rounding but incorrectly scaled after
rounding will not be rounded.

J221 post spaces

Region A (erasable)-40 words, AO-A39
Symbolic code - 168 words
Available as J221E

M.and N. Shapiro
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J222E - PRINT DECIMAL NUMBERS - UNIFORM FORMAT AND SCALING

Calling sequence:

L1

n

Location of first print word

Increment of locations of print wordél)
Space between printed words(l)

No. of bits (excluding 2° bit) to left of

binary point

Number of decimal digit positions to left
of decimal point

Number ?5 decimal digits per word to be
printed )

Number of words per line

Number of lines.

Loc. QP ADDR oP ADDR

o c20 a 010 B
A+l AL 3
a+2 L - q
a+3 P I
s+l w n
a+5 Control returns to left of at+b.

0000 < L < 7777
0000 < AL < 7777g

o
IN
=
In
.—l
foer)
—
O

Restriction w(lkts+l) < 120 if p > k, w(k+s+2) < 120 if p < k.

J222 will print n lines, w words per line.

Fach word must

have the same scale factor and will be printed with the same format.
The words tc be printed must have locations

(mod. 2

12y: L, LeaL, ", Lé(nw-1)AL.

Leading zerosbut not following zeros will

points will be printed except when p >k, in

(1)A more precise definition appears below.

(2)

be suppressed. Decimal
which case no space

If p > k, the k most significant digits will be printed.



J222E (Cont.)

will be allocated for the decimal point. Signs will be printed
immediately to the left of the first digit position. Plus signs
will appear as blanks.

s is the number of blank columns to appear to the left of the
sign position of each word.

Incorrectly scaled numbers will be printed as a series of
decimal points. The numbers to be printed will ®e approximately
rounded. Numbers which can be printed exactly within the specified
format will be so printed (regardless of the rounding). Numbers
which are correctly scaled before rounding but incorrectly scaled
after rounding will not be rounded.

J222 Post spaces

Region A (erasable)- 36 words, AO-A35
Symbolic code - 166 words
Avallable ags J222E

M. and N. Shapiro
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J223E - PRINT DECIMAL NUMBERS - UNIFORM FORMAT AND SCALING

Calling sequence:

Loc.  OP ADDR op ADDR

«a 020 a 010 B

a+l AL S

at+e L d

at+3 | o} k

ath w n

a+5 Control returns to left of at+5.
L : Location of first print word | 0000 < L < 7777g
AL: Increment of locations of print words:) 0000 < AL < 77774
S : Space between printed words(;)‘ 0<s8 < 120lo
a: No. of g%ggt(excludihgi 2° bit) to left of 0<ax<39,
p : Number of decimal digit positions to left 0<pr< ll10

of decimal point :

k: gngggd?g)decimal digits per word @o be 0<k< 11'10
w : Number of words per line
n : Number of lines.

Restriction w(lets+l) < 120 if p > k, w(k+s+2) < 120 if p < k.

J223 will print n lines, w words per line. Each word must
have the same scale factor amd will be printed with the same format.
The words to be printed must have locations

(mod . 212): L, I+AL, """, L+ (nw-1)AL.

Leading zercsbut not following zeros will be suppressed. Decimal
points will be printed except when p > k, in which case no space

(l)A more precise definition appears below.
(‘)If P 2 k, the k most significant digits will be printed.



J223E (Cont.)

w1lll be allocated for the decimal point. Signs will be printed
"immediately to the left of the first digit position. Plus signs
will appear as blanks.

S 1s the number of blank columns to appear to the left of the
sign position of each word.

Incorrectly scaled numbers will be printed as a series of
decimal polnts. The numbers to be printed will ®e approximately
rounded. Numbers which can be printed exactly within the specified
format will be so printed (regardless of the rounding). Numbers
which are correctly scaled before rounding but incorrectly scaled
after rounding will not be rounded.

J223 Post spaces

Region A (erasable)- 36 words, AO-A35
Symbolic code - 167 words
Avallable as J223E

M. and N. Shapiro
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J225 - MOUSE MATRIX TO PRINTER ALPHA NUMERIC

J225 prints 80 columns corresponding té the 80 columns
encoded in MOUSE MATRIX form. The left 40 columns are printed
from BO - B6, and the right 40 columns are printed from CO - c6.
Each of the 80 columns may contailn any alpha-numeric character.

Before entering J225 a 100 0004 order (to print in C; g,)
or a 100 005 order (to print in 041_120) must be given. The

programmer must give appropriate 106 orders at the appropriate

times as J225 does not space the printer.

Calling Sequence:
a 020 a 010 B

a+l Control returns at left of a+l
J225 does not space the printer

Space required:

Symbolic code - 139 words

Region A - 28 words (A3 - A30)
Region B - 7 words (BO - B6)
Reglon C - 7 words (CO - C6)

M Shapiro



6-4-59
J226E* PRINT DECIMAL NUMBERS - VARIABLE FORMAT AND SCALING
Calling Sequence: .
Loc OP ADDR : OopP ADDR

a 020 a 010 B
a+l 000 0000 000 8y
a+2 000 L1 000 Q
a+3 000 Py 000 kl
ot+3w-2 000 0000 000 8.,
o+3w-1 000 Lw 000 q,
o+ 3w 000 Py 000 kw
o+ 3w+l 100 AL 000 ' n
a+3W+2 Control returns to left of a+3w+2
Ly ¢ " Location of 1P print word on first llne 0000 ¢ Ly £ 7777g
AL : Increments of locations of print words (1) 0000 < AL £ 77774
8y Space to left of 1th word on each line (1) 0 <8 £ 120lo
q; ¢ No. of bits (excluding 2° bit) to left of
binary point in ith word on each line 0 S-qi S-3910
py ¢ Number of decimal gﬁgit positions to left of 0 S.Pi 5-1110
decimal point in i word on each line
' th
k, : Number of decimal digits to be printed in i
i (2 1< ki < 11lo

word on each line

n : Number of lines

Restriction: W

- (k1+si+1) + (th number of 1 with Py < ki) < 120

J226 will print n 1lines, w words per line. The scaling and
format specification must be the same for the 1th word on each line
(1 <1 < w) and 1s specified in the call%ﬁg sequence, by o+31-2,
a+31-1 and o+31. The locations of the 1®N word on successive lines
must differ by AL, 1.e., the locations of the ith word on successive

él A more precise definition appears below.
2) If p >k, the k most significant digits will be printed.




J226E* (cont'd)
lines must be L,, L; + AL, ..., L, + (n-1) AL.

Leading zeros but not following zeros will be suppressed.
Decimal points wlll be printed except when p k in which case
no space willl be allocated for the decimal poInt. Signs will be
printed immediately to the left of the first digit position. Plus
signs will appear as blanks.

si 1s the number of blanks to appear to the left of the sign
position of the 1th word on each line.

An incorrectly scaled number will appear as a sequence of
decimal polnts. The numbers to be printed will be approximately
rounded. Number which can be printed exactly within the specified
format will be so0 printed (regardless of rounding). Numbers which
are correctly scaled before rounding but incorrectly scaled after
rounding will not be rounded.

J226 post spaces

Reglon A (erasable) - 40 words, AO-A39
Symbolic Code - 169 words
Avallable as J266E

—

M. Shapiro

* Thls routine replaces J221E, which had an error in it.




J227 Message Printer

J227 1s designed to print headings, messages to the
operator, ete. A message consists of up to 120-alpha-numeriec
characters and is encoded into a block of 21 words. A message
i1s read in by calling on J227 at a time when the message is in
5041-80 of up to three cards at the read position of the primary
feed of the collator. Several messages may be stored in°
distinct blocks, and the same message may be printed several
times.

Calling sequence:

o 020 a Olk B

o+l Xyz 0000 000 L

a+2 Control returns to left of a+2
k=0 for message reading

k=l for message printing

X,¥32 = Oor 1

Message Reading. _
Referring to the blocks (L+0 through L+6), (I+7 through I+13)

(I+1% through L+20) as a, B and 7 respectively. If x = 1 the
contents of °41-80 of a card will be encoded into g; if x = O,
a will not be altered. Similarly, no corresponding card will be
read.

Thus, 1f, e.g. x =1, y = 0, z = 1, then 2 cards will bg
read, ©41-80 of the first card be encoded into a, c1&1-80 of
tﬁe second card will be encoded into')’and B will be unaltered.
If x =0, y = 0, z = O then neither a, B, nor } will be altered

and no cards will be read.



Ja27

Message Printing.

If x = 1, the message encoded in q will be printed in
colunns 1-40 of the printer; if x = 0 C1-40 will be left blank.
Similarly for y, B and Cols 41-80 as well as z, / and Cols 81-120.
If x =0, y=0, z =0, there will be no printing but the printer
wiil be spaced.

CAUTION: In many cases it will be better to use several library

routines rather than J227.

NOTR: The 40 columns of information stored in each block a, B ’

and Zf are in Mouse form.

J227 Postspaces (l.e., 1t spaces after printing)

Symbolic Code: 213 words
Region A (erasable): AO to A43

Program available as J227

M. Shapiro



J228A OCTAL MEMORY DUMP - 4 PER LINE
J228 prints 4 full words and the location of the first word
) in octal on cne line. All cf memory is printed except that only the

first line of a block cof zero or equal lines is printed. The

printer is spaced cne to indicate such a block.

The first card of J228 is a speclal loader which puts cells
0003-1024 cnto the drum, band C, position O. Only cells 0000-~0002,
which are;used by this lcader, are printed incorrectly. |

Progfam 1eng£h: effectivély 3 words (0C00-0002) in HSS.

Program halt: O0COO Printing complete, memory restored.

Program available at J228A.

Marvin Shapilro




J230A OCTAL MEMORY DUMP W/0 DRUM 2-24-58

J230 is a modification of J228 for use without the drum.
J230 prints four full words and the location of the first word
in octal on a line. Only the first line of a block of equal
lines 18 printed.

One or more control cards are required by J230C. The lccations
of the first and last words to be printed are punched in the
9's row right of the control card. The first location goes in the
left address, the last location in the right address.

Restrictions: |

(1) Only one control card may refer to addresses
> 7450)8 and 1t must be the last control card.

(2) If no reference 1s made to locations > 7450, only
the control cards and 2 blanks should be placed
after J230 (see below).

Use:

(1) Load in primary. Overflow Ign. OFF.

(2) J230 will punch from 7750)g to 7777)g-

(3) Press LOAD.

(4) J230 will punch cells 7450)8 to 7747)8, and run the
punched cards followed by 2 blanks into the stacker
of the punch.

(5) Place the control card(s), the binaries which were
Just punched,and the 2 blanks after J230.

(6) Press LOAD or GO.

(7) J230 will stop with the reader on SELECT.

Cells 0000, 0001, 0002 are printed incorrectly.

Memory is not restored.



J230A
2-24.58
Program Length:
0000(1)0002, 7120)g(1)7777)g or 7450)8(1)7777)8 if no
location is > 7&50)8.

Program Halts:
NIA = 0003, overflow indicator ON.

"Sneak on" 1s complete.

NIA = 7764)8. Memory from 7450)8 to 7747)8 has been
punched.
NIA = 7510)g, reader on SELECT., Final stop.

W. L. Sibley
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J232A INSERT BLOCK CHECK SUMS INTC STYLE F DECK

J232 converts a style F deck (with cr withcut check sums
or with incorrect check sums) into a style F deck with blcck check
sums. Tc use J232 place
1 Blank Card
J232A
Control Card .
Style F Deck to be Converted
in primary; load and gc. When the computer stcps with the reader

selected run the cards cut UNTIL THE COMPUTER STOPS WITH A 13X.

The punched cards will carry an I.D in Cl-5 as determined by
Cl~5 cf the.control card, and will be sequenced 1n Cg_g beginning
with one greater than the number in C6—8 cf the ccntrol card. To
hegin sequencing with 001, leave C6~8 cf the contrcl card vlank.
Tc begin sequencing with 000, punch 999 intc C6-8 cf the control
cﬁrd. The punched cards will be echo checked.
T1 Suppresses Echo Checking |
T2 Suppresses Sequence Numbering.
Tl and T2 may nct be changed once the rcutine begins.
Steps  Echo Check Stop - Reload NIA = 1202g
Lcading Error - Reload NIA = 00158
.Job Over NIA = 10568
Speed Normally about 50'cards per minute.
For full details concerning what J232 will do under all

circumstances consult the decimal listing cr see Ncrman Shapifc.

Avallable as J232A

Norman Z. Shapirc
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J233E DECIMAL PRINT ROUTINE .

)

J233 converts to decimal anq.prints a block of H:S.S. ’
beginning at a specified location;'according to scale factors
and other specifications stored somewhere in H.S.S. The
resulting printed page will have one space at the left, sign
and first word, space, sign and second word, space, etc. There
will be printing only in the first 40 columns. .

J233 will assume the printer has been prespaced and will
1tself prespace the printer.

Let

a = number of words per line

b = 1location of first word to be printed

¢ = number of lines

d = location in H.S.S. of scaling factors, etc. (see
below) .

py = number of decimal digits left of the decimal point
of the 1 'th word.

q = location of binary point in i th word

n; = number of decimal digilts of 1 th word to be
printed.

a
Thus E n, + 2a < 40.
i

Calling sequence:

a 020 a 010 B
a+ 1 a b ¢ d
+ 2 Control returns here

(continued)




J233E
p. 2

Locations d (1) d+a-1 in H.S.S. have

d pl_ ql nl %"M ‘b@f_W?

d+1 Po q2 n,
d+l-1 Py qi ni
d+ta-1 Pa qa n,

If a number is incorrectly scaled, @ (0 and 7 overprinted) will
appear in the sign position followed by all zeros. The program
will not stop.

Region 1 (erasable) - 18 words
Region 3 - 102 words

Program available as J233B,E

)

* This routine is J110 modified for the new printer.
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J234A OCTAL MEMORY DUMP "

This program prints two full words and the location of
the first word in octal on one line in Cy_yg- Lines having
both words zero are omitted. The section of memory to be
printed is spegified by a cecntrol card or set of control cards.

The program uses a special loader which writes the con-
tents of high-speed memory from 0002, to 049910 ontc drum
(drum O, position O, band 0), so that all of memory - except
locations 0000 and COOl may be printed.

Printing is terminated by a blank control card. If the
cards have not been run out of the reader at the conclusion

of printing, memory is restored (except locations 0000 and 0001).

~ Deck: J234A
Control cards
3 blanks
Program length: effectively 2 words in high-speed storage
(764)q = (500 on drum
8 10
Stops: 0000 Printing complete, memory restored.

Contrcl Cards: One for each block of memory desired.
First address punched in binary in 9 row, col.48-59
Last address punched in binary in 9 row, col.69-80

Program available as J234A.

* This routine is J114A modified for the new printer.
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*
J235E PRINT POSITIVE DECIMAL INTEGERS -

Galling sequence:

Loc OP  ADDR OP  ADDR

a A 020 «q
a+l 010 B N
a+2 Control returhs here

where: A 1s the location of the first word.

N, the number cf conéecutive words to be printed.

J115 will convert consecutive positive words to decimal

integers and print them one per line.

Region 3 - 36 words
Region 1 - 10 words
Program available as J235B,E

* This routine 1s J115 modified for the

new printer.



L1-22-57

, *.
J238E : : PRINT DECIMAL - ONE PER LINE --

Calling Sequence:
LoC OP ADDR OP ADDR

a A 020 a
a+l 010 5] N
a+2 Q K

o+3 Control returns here

where: A is the loc. of first word to be prihted.

N, the number of consecutive words to be printed.

Q, the scaling or loéation of the binary point
for all N words 0 < Q < 39.

K, the number of digits to be printed in the
fractional part of the number 1 < K < 20.

J238 converts to and prints in decimal N consecutive words
aj,+++., 2y (where Iai|< 1) of HSS beginning with location A.
411 numbers must be scaled the same 1n'a block, and the same
number of digits are converted in the fractional part for the
block. The minus sign, when appropriate, is printed at the
left in the lO13 position. Since K can never be less than 1,

a number with a @ of 39 will appear as XXXXX.0 and a number

" with a Q of zero will appear as O.XXXX . . . Conversion 6f

the decimal part terminates as soon as the quotient of a division
by ten is zero so that one digit integers appear as X.0, two

diglt integers XX.0, etc.

(continued)



Je38E

Region 3 - 59 words
Region 1 - 11 words
Program available as J238B,E.

* This routine is J119 modified for the new printer.
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J239F JOHNNIAC FLOATING-POINT INTERPRETIVE SYSTEM

J230F 1s an absolute binary assembly of the style E
programs J240-J250, inclusive. The absolute locatlion of the

first word of the program storage for each routine can be

found below.

OCTAL DECIMAL

J240 E 000 5500 2880
J241 E 000 6262 3250
Jo4k2 E 000 6461 - 3377
J243 E 000 6607 3463
J244 E 000 6733 3547
J24s5 E 000 7306 3782
J246 E 000 7341 3809
J247 E 000 7415 3853
Jo48 E 000 T467 3895
J249 E 000 | 7544 3940
J250 E 000 | 7612 3978

A 000 | 7713 4ou3

E 000 o 7763 4083

At the time of this writing, the Error Halt Location corresponds
to NIA = 61608.
Reference: JOHNNIAC Floating-Point Interpretive System Manual
Program Storage (octal): 5500 - 7704 inclusive

7713 - 7777 inclusive

J. Derr
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J2UOE INTERPRETER-JOHNNIAC FLOATING-POINT SYSTEM

J2UOE interprets and executes the following floatinge
point operations:

(1) the "zero class" operations

(41) 010, 011, 014, and 015 operations

(111) the "two," "three," and "four olass" operations

(4v) ¢the 050 operation
In addition, J240E "interprets" all floating-point operations,
and contains some constants, machine-language code, and
storagq regiaters which are at leént shared with other
operations., These other operations correspond to JOHNNIAC
Literary programs which are (gg.loading.timc) masters to
J240E. They include J241E, J242E, ..., J250E. The master

routines refer to the slave routine, J24OE, as region P,

i.e. J2u0E000:= FOOOQ. It 18 natural then for the user
to cause the first word of J240E to coincide with FO00, It
is clear that region F must be assigned an absolute location
before any of the master routines are loaded. Moreover,

it is also necessary that the loading of J2UOE itself precede

that of any of the master routines.

Basic Link to J24OE 020 $0 010 FO00.

Key Words in J240E
J240E003 Instruction counter (in Left
Address)




J 240 -l 8-8-50

J2U40E140 Trap Register - Breakpoint

tracing

J2UO0E141 Trap Register - All Orders
tracing

J240E142 Trap Register - Transfer
tracing

J24OE148 Series Test Number

J240E209 AMQ Exponent

J240E210 AMQ Mantissa |

J2UoE228 First word of closed routine

which counts signifilcant digits
J240E245 First word of closed routine
whieh normalizes AMQ mantissa

J240E303 Error Halt Location

Remarks on the Use of J24OE

1. The series test number is involved in the series
calculations for the 054, 055, and 056 floating-point
operations, If the series is denoted by i X, and
the series test number by #, the teat for convergence
depends on the sign of 'xn|- 2°5 . #, Unless altered
by the user, # = 2-39,

2, To normalize the AMQ execute the following machine
language instructions with the AMQ mantigsa in the MQ,

: 020 $0 010 F228
020 $0 010 F245



J &4VLL -3- O-d=-5Hd

3. To suppress the Error Halt, replace the left
operation of F303, (13X), by the corresponding
unconditional transfer coperation, (01X). Originally
J2UQE303 = P303 contains

134 F101 000 0000,
Féllowing the halt, the interpreter omits the trace
printing step, but otherwise proceeds as described
in the JOHNNIAC Floating Point Interpretive System
manuél. However, F303 is altered by the loading of
J2U4E, The reader is in this connection referred to
the J244E writeup.

L. J240 cannot be loaded by X267 (to become J267) without
modification since too many forward references ocour.
Suggestion: Replace the contents of 0045 (absolute
decimal) by 0200 (decimal); e.g. place immediately
behind the last card of X267 (X267A038) a style E
card with OO45 in columns 14-17, 0200 in columns 32-35,
and , in column 36. Note that the léngth of the X267

program storage 1s thereby inoreased by 100 words.

Program Storage:
Region E (Semieraseable): 13 words, E000-E012.

Region E 18 available to the user at all times when
outside interpreter control.
Region F: 370 words, FOOO - F369.

J. Derr
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J241% . ADDRESZABLE 1INPUT - JOHNNIAC FLOATING POINT SYSTEM

When used In conjunctlon with J24CE, J241E will execute
the Cl2 floating pelnt operatlon as described in the JOHNNIAC
Floating-Icint Interpretlve System manuval. J240F must be loaded
prior to the loading of J241E, and the first word of J240%E
must colnecide with FOOO.

Program 3torage: 127 words (there are 128 style E cards -

J241EQ00 to J241E127 1nclusive.)
Erasable Storage: 34 words — AQ0O to A033

Norman Shapiro
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J242g8 INPUT DATA CARDS — JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J2U2E will execute
the 013 floating point operation as described in the JOHNNIAC
Floating Polnt Interpretive System manual. J240E must be
loaded prior to the loading of J242E, and the first word of g
J240E must coincide with F000.

Program Storage: 86 words (87 style E cards — J242E000 to

J242E086).
Erasable Storage: 30 words — AOOO to A029.

Robert Mercer
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J243E PUNCH DATA CARDS — JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J243E will execute
the 016 floating point operation as described in the JOHNNIAC
Floating Point Interpretive System manual. J240E must be
loaded prior to the loading of J243E, and the first word of
J24OE must coincide with F000.

Program Storage: 84 words (85 style E cards — J243E000 to

J2U4ZE084 ).
Erasable Storage: 27 words — AOOO to AQ26.

Robert Mercer
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J244E PRINT AND TRACE — JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J244E will execute
the 017 floating point operation and the tracing as described
in the JOHNNIAC Floating Point Interpretive System manual.
J24OE must be loaded prior to the loading of J244E, and the
first word of JZ240OE must coincide with FO000.

One result of the loading of J244E 1s to modify the
Error Halt Location — J240E303 = F303 — B0 as to become

130 F183 000 0000.
1. To suppress the Error Halt, replace the 130 in F303
by 010 after loading J2u4l4.
2: To suppress the traclng followling the Error Halt, replace
130 F183 in F303 by 134 F191 after loading J244.
Program Storage: 235 words (239 style E cards - J244E0Q00 to
J244E238).

Region E(Semierasable): 13 words, EOOO — EO12.
Region A(Erasable): 40 words, AOOO — A039.
Note: A39 = 77778 will result in printing 1 word per line.

Marvin Shaprio
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J245E SQUARE ROOT - JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J245E will execute
the 051 floating polnt operation as described in the JOHNNIAC
Floating Point Interpretive System manual. J240E must be ‘
loaded prior to J245E, and the first word of J240E must coinecide
with FOOO.

Program Storage: 27 words (28 style E cards - J245E000 to

J245E027) .
Region E: 13 words, EOOO - EOl2.

John Derr
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J2U6E SINE — COSINE — JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J2UBE will execute
the 052 and/or 053 floating poiné operations as described in
the JOHNNIAC Floating Point Interpretive System manual. J240E
must be loaded prior to J246E, and the first word of J240E must
coincide with FO0O0O.

Program Storage: 44 words (46 style‘E cards — J246E000 to
J246EO045).

Region E: 13 words, EOO0 - EQO12

John Derr
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J247E ARC TANGENT — JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J247E will execute
the 054 floating polnt operation as described In the JOHNNIAC
Floating Point Interpretive System manual. J240E must be
toaded prior to J247E, and the firstword of J240 must colncide
wlth FOOQO.

Program Storage: 42 words (43 stylé E cards — J247E000 to

J247EOk2).
Region E: 13 words, EO00 -~ EOl2.

John Derr
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J248E EXPONENTIAL —~ JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J248 will execute
the (055 floating polnt operation as described in the JOHNNIAC
Floating Folnt Interpretive System manual. J240F must be
loaded prior to J248E, and the first word of J240E must coincide
wlth FO00O0. | _
Program Storage: 45 words (46 style E cards — J248E000 to

J24BEO45).
Region E: 13 words, EOOO-EOl2.

John Derr
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J2USE LOGARITHM - JOHNNIAC FLOATING POINT SYSTEM

When used in conjunction with J240E, J249 will execute
the 056 floating point operation as deseribed in fhe JOHNNIAC
Floating Polnt Interpretive System manual. J240E must be -
loaded prior to J249E, and the first word of J240F must colncide
wlth FOQO.
Program Storage: 38 words (40 style E cards — J249E000 to J249E039).

Region E: 13 words, E0Q00 - EOl2.

John Derr
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J2508 INDEXING ~ JOHNNIAC FLOATING POINT SYSTEM

when used 1n conjunction with J24QE, J250E willl execute
the 070-074% floating point operatlions as described in the
JOHNNIAC Floating Point Interpretive System manual. J2Y0E must f.
be loaded prior to JZ50F, and the first word of J240F must coincilde
wlth FOOQ.

The Indexing Registers are stored in the following words .

of J250E.
Index Reglster Location
A J250E028 (29th word of J250E)
B J250E020 (21st word of J250E)
c J250E016 (17th word of J250E)
D J250E014 (15th word of J250E)
E J250E013 (14th word of J250E)
F J250E012 (13th word of J250E)

Program Storage: 5G words (64 style E cards — J250E000 to J250E063).

Reglon E: 13 words, EOQOQ - EQl2

John Derr
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J253E FIXED POINT SQUARE ROOT®

J253E is a closed subroutine which will evaluate the non-
negative solution of the equation x> = |a|, 1.e. x = + /|a].
Before executing the basic link into J253, a must be in the
MQ, where O < || < 1. When J253 links back to the main

program X will be in the Accumulator and 0 < x < 1.

Calling sequence:
020 $ 0 00 # O (Link to J253E)
Description of the Method:

J253 first normalizes a so that 2'2.3 a°22q < 1, provided
1/ + y If L/A <y <1/

= o2q‘ =
that a # 0. Lety =a-2"". ¥y, =\104+y/p1r1/2<y<1

Then if Yo ¥ y, the following form of the Newton iteratlon scheme

1s used until Yt1 = Yg'

Ve = In + 1/2 [?/yn - yé]-

Finally, x = y_ * 279,

Accuracy: Let ¢€(a) = x - |a| be the absolute error. Then
€(a) = 0 or 2-39, oObserve that x has approximately
q more significant binary digi;s than a.

Timing: Let T(a) denote the time in ms required to evaluate
Jlal: Then 3 ms. < T(a) < 14 ms. for every admiss-
able a. In particular, we list the following

extreme cases:

1 J253E replaces J171E
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-

T(0) ¢ .3 ms.

7(1-2739%) = 1.23 ms.

T(2'1) £ 6 ms. (requires the maximum number (3)

éf iteration cycles).

7(2739) £ 14 ms (requires the maximum number (3) of

iteration cycles ggg_iQ normalization cycles)J
Region A (erasable) - 3 words, A O - A 2
Symbolic Code: 23 words

Program avallable as J253E.

John I. Derr



g254E  PPD ROOT, 1<P<39 (Newton's Method with Sophisticated
FIRST GUESS).

J254E will evaluate the non-negative solution cf the equation

xF = lal, i.e. x = g/TgT, when |al<l. If a =-1, x is set equal
to -1.

J254 is entered by basic link with a in the MQ. When J254 links

back to the main program x will be in the Accumulator.

Calling Sequence:

a 020 o 010 p (Link to J254E)

o+l - P

at?2 Control returns here with -1 in Accumulator if a = -1.
a+3  Control returns here with x in Accumulaﬁor if |al<1.

Description of the Method:

(i) If a = 0, prcceed to step (xi).

(11) If a = -1, control returns to a + 2 with -1 in Accumulator.

P<a~2Pq<1. Let y = a-2Pq.

(111) Normalize a 'so that 2~

(1v) Set x, =12:%ix if-;%ll <y<d
; -2

P
P-1+27y -P P-1
=P if 2 sy(—é'p-;; .
(v) 1r xo;y, proceed to step (x).

(vi) Comp P(A?c)n = [%/&i-l - x ]

(vit) 1f P(Ax)n >0, proceed to step (x).

(viii) Replace X, by X + (Ax)n.)

(1x) 1If (Ax)n + C < 0, repeat step (vi) (O<C<2'20).
(x) Place x = xn~2'q in Accumulator.

(x1) Return to a+3.
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Accuracy:

x-24 has about as many correct significant bilts as does y.
x has approximately (P-1)q more significant bits than a.
The maximum errcr ¢ incurred in steps (viii) and (x) satisfies

ﬁ32'39. By rounding the number residing in the combined

Py

Accumulator and MQ upon return to a+3 the user can reduce ¢

so that €20,

Timing:
Let €¢(y) denote xo-yl/P. For fixed P max ¢(y) occurs when
2"Fya
e P-1 For = P-1 the time required to compute
R o p

x varies roughly as the square of P since the number of
iterations as well as the time per iteration varies approxi-
mately as P. For all P ¢(2°F) = £(1-273%) = 0. on

[Q'P, 1], «(y) satisfies Qﬁé(y)ﬁé(fﬁig) and is cusplike in

appearance with a sharp peak at (P~1)/(2P-2).

P (P-l)/(EP-Q) =y Xg - yl/P # iterations

2 .500 .043 Y

3 .333 .084 4 |
4 214 123 5 i
5 .133 2385 :
7 .048 217 7 \
10 .0088 277 8

15 .00043 .337 11
20 .000018 .371 14

25 .00000072 .392 18

30 000000027 Jbot 21

35 00000000099 418 26

38 .00000000013 ey 26

Region A (eraseable) - 7 words, AO - A6
Symbolic Code: 44 words

Program available as J254E.
John Derr



J255 — CAT READ ROUTINE | . 12-5-57

Calling Sequence:
LOC OP ~ ADDR OP ADDR
a-k SEL 0 or 1l

a RA a TRL B
at+l  Control Returns _
The CAT read routine will do one of two things: elther read

a card image undisturbed into Region B (see below) without using
the CAT read compiler or, having compiled the CAT raad'routine,
it will read and convert to integers scaled 2"39 the fields defined
in the CAT read compller calling sequence and store them in Region
A as follows:

Field 1 =» A O

L] L]
. -

Field n - A n-1
The retained columns of the card image are stored in Region B
as follows:
B 1 Cy_yg 12's row
B 2 01-40 11's row

B 12 Cy_yg 9's row
B 13 Cy,_80 12's row

B 24 041-80 g's row

Storage Requirements:
Reg A, AO - A25 (26 words)
Reg B, Bl - B24 (24 words)
Read Routine - co - €130 (131 words)



Jeno
-2
Timing:

5.6 ms., are used before first copy is given and 0.32 ms.

are used after the twelfth copy.



J256 — CAT READ COMPILER

Calling Sequence:

LoC
a
a+l
o+2
a+3

a+4

a+n+3

oP ADDR OP  ADDR

RA @« TRL B
P s

P M ~

< MR >
Fy Ly

100 F L

12-5-57

a+n+4 Control Returns here
Where: P is the origin of the CAT Read Routine;
S 1s the sign convention indicator,

S = 0, signs are ignored;

S = 1, each negative field bears an 1l overpunch
in its high order position;
S = 2, each negativé field bears an 11 overpunch

in its units positiong
is a 40 bit mask with 1's indicating columns in C

L 1-40
which are to be retained in the image, O's indicating
columns to be deleted. One need not save fields or
columns belng converted by the CAT read routine, the
masks are independent of thls process;

Mp 1s the same as M; except for C); gn3
Fi is the first column of the iEE fleld;
th
L, 1is the last column of the i— field (Li-Fig 8, Fipp 2 Li)
n is the number of fields defined (1 < n < 12)

Note that the left operation of the nl field definition

contains the termination signal 100.
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The CAT read compiler does the following things.

1)

3)

Compiles the conversim portion of the CAT read routine

to read and convert fields to binary integers (scaled 2’39)
complying with the n field definitions in the calling
sequence.

Complles the sign detectlion portion of the CAT read routine
according to the sign convention (S) specified and the
field definitions.

Generates a decimal input table beginning at location 0000
of length Ek where k is the length of the largest fileld
defined.

Some general information:

1)
2)
3)

k)

During number conversion coverpunched 1l2's are ignored.

Blanks and zeros are interchangeable in numeric fields.
Multiple numeric punches (e.g., decimal point = 12, 3, 8)
result in the sum of the decimal digits (e.g., eleven).

It 1s impossible tb convert numbers from the card without
first compiling the CAT read routine. On the other hand

the CAT read routine used without prior compilation will read
and retain an 80 column image in Bl thru B24.

Program Stop:

C 0134, largest field > 9 cols no recovery procedwe.

Storage Requilrements:

CAT read compiler, Reg C CO thru C209 (210 words)

Reg A, A0 (1 word)

Reg B, not actually used, but must be defined before loading
J256,

5.4 + 4.9n + 7.1k ms. where n is the number of fields defined
and k 1s the length of the longest field.



J257 — CAT BCD FROM IMAGE 12-5-57

Calling Sequence:

LeCc op - ADDR OP ADDR
a RA a TRL B
+l F L

o+2 Control Returns here
Where F 1s the first column of the field and L the last
column.
This routine converts the defined field (F and L) to BCD

* thru 2'39,

characters (see appendix) packed 6/word in bits 2°
six bits per character and stores them beginning with A O thru
A n.. (The determination of n 18 left as an exercise for the
student for all cases from one column fields thru 80 column fieldsy)
Space Required:
CO thru C127 (128 words)
AO thru Al5 (16 words)
Bl thru B24 (24 words - the image)
Timing:
Slow!



Appendix to CAT-BCD from Image
The Hollerith characters will have the following binary

representations in the CAT system:

Hollerith BCD Hellerith BCD
Blank 00 P 47
0 60 ' Q 50
1 01 R 51
2 02 S 62
3 03 T 63
4 o U 64
5 05 v 65
6 6 W 66
7 o7 X 67
8 10 | Y 70
9 11 Z 71
A 21 = 13
B 22 + 20
C 23 . 33
D 2l ) 34
E 25 -(11) 4o
F 26 $ 53
G 27 * 54
H 30 / 61
I 31 ’ 73
J 41 ( Th
K 42 -(8,4) 14
L 43
M Ly
N 45

g 16



J258 — CAT OUTPUT ROUTINE

Calling Sequence:

LOC
o
o+l

42

.
]
.

a+n+l
at+nt2

Where:

OP ADDR OP  ADDR

RA o TRL B
N
M oI
100 F_ T L

Control Returns here

to the image are stored

i’

il

I IR R

6 bits/character)

= ], Integer, scaled 2

12-5-57

N is the origin of the block where words to be converted
Fi’ the first column of the iEE field

Li’ the last column of the IEE field.

the type of information in the IEE word of block N.

T can have the following values and corresponding meanings:

0 or blank = Error (see Error stop)

-39

= 2, Fraction, scale 2° (-1 < X < 1)
= 3, BCD packed 6/word (2—4 thru 2'39,

This routine will convert and store in the Image the following

types of information:

1) Integers scaled

2"39

2) Fractions scaled 2° (-1 < %x < 1)
3) BCD characters packed 6/word.

There 15 no limit to the number of fields defined (except of

course the 80 cols. of the Image) nor to the length of a field

(except BCD fields where L; - F, < 5).
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Integers will be placed in the image with leading zeros
eliminated.

Fractions will be placed in‘the image truncated; any rounding
should be done prior to storing in block N.

Negative numbers will have an 11 punch placed over the last
column of the defined fileld.

Program stop:

cl22 - T, = 0, no recovery procedure

i
Storage Requirements:

CO - C143 (144 words)

Bl - B24 (24 words - the image)
Timing:

A rough estimate is about é ms per character stored

in the image.



J259 - CAT ALPHANUMERIC PRINT 12-5-57

Calling Sequence:

LOC  OP ADDR OP = ADDR
o) RA o TRL B
a+l  Control Returns

The CAT print routine will print the prepared card image (via
CAT output or otherwise) into either the left or right 80 columns
of the ANelex 56-120 printer. The select and space orders must be
given before entering this routine.

Overpunched signs (such as produced by the CAT output routine)
willl appear as alphabetic characters, therefore, special care must
be taken with negative numbers when placing them in the imége.

Space Required:

CO - C143 (144 words)
A0 - A10% (105 words)
Bl - B24 (24 words ~ the image)

Timing:

Slow

NOTE:- An 8-4 combination in the image will print as < instead of —.



J260 - CAT DECIMAL PRINT ' 12-5-57
Calling sequence: |
LoCc OP "ADDR  OP ADDR
o RA o TRL B

a+l Cecntrol Returns

The CAT decimal print routine will print a CAT card image
with numeric information only. The following exceptions are
included in the routine; 11 bits or punches are printed as minus
signs and 12 blts or punches are printed as periods.

In this routine overpunched signs will cause overprinting,
thyratron hangup or both, thérefore negative numbers require specilal
handling before using the CAT Output Routine to prepare an image.

The proper select and space instructions must be given before
entering this routine

Space Required:

CO - C11 (12 words)
Bl - B24 (24 words - the image)

Timing:

The routine uses ~ .25 ms before the first copy order

is giveh and exits .~ .06 ms after the 12th copy is glven.



J261 — CAT PUNCH 12-5-57
Calling Sequence: |
LOC OP  ADDR OP ADDR
a RA a TRL B8

a+l Control Returns

This routine will pﬁnch the stored image 80-80. The proper
select order must be given before entering this routine. Echo-
checking is impossible using thls routine since control is not
returned to the main program between copiles.

Time Used:

Before 9's copy —~ O.lims.

After 12's copy .~— 0O.2ms.
Space Required:

CO0-C13 (1% words)

B1-B24 (24 words - the image)



J262 - CAT MOVE IMAGE

Calling Sequence:

LocC oP ADDR OP  ADDR
a RA o TRL B
a+l T F

at+2 Control Returns

12-5-57

Where T is the origin of the block the image 1s to be moved

to, and F the origin it is to be moved from.

Either T or F (not

both) must be equal to zero; if T = 0, the routine interprets thisA

to mean the image is‘to be moved from storage to the original

residence (Reg. B) of the image, and if F = 0, the image 1s to be

moved from Reg. B to some other space specified by T.

Space Required:
CO thru €30 (31 words)

Bl thru B24 (24 words - the image)

Time Required:

9.6 ms.



J263 - CAT SELECTIVELY CLEAR IMAGE >12~5-57

Calling Sequence:

LOC 0P ADDR OP ADDR
o RA o TRL ~
o+ Left Mask

n+2 Right Mask

n+3 Control Returns
This routine will clear those columns designated by zeros
~in the left and right mask for 01-40 and C41-80 respectively
and retain information in those columns designated by 1l's.
Space Required:
CO - C16 (17 words)
Bl - B2t (24 words - the image)
Time Required: '
9.2 ms.
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J2G4AR  AUTOMATIC LEAST SQUARES POLYNOMIAL APPROXIMATION --
' FLOATING POINT |

J264 is an automatic version of J178. The user needs only
to Iinsert the current version of the Floating-Point System pre-
ceding the last card of J26%, to record the necessary input data
in punched cards, place these cards immediately behind J264; and
press the LOAD button. The coefficients {gi}of the approximating

polynomial o M

f(x) = E;: aixi
i=

will be computed and printed for each header card.

Input Form

Information should be punched in the Floating Point Data
Form as follows:

Header card for a problem

pos (i) S + 1f_daca'tr1plets are to be printed
- 1f data triplets are not to be printed
EXP M = degree of polynomial f(x)

MANTISSA ID (any decimal information)
pos (2) s + 1if data cards follow
- 1f no data cards follow
EXP Blank
MANTISSA N = number of points
pos (3) s | Bl;nk (or +)
EXP 00 if (xi,yi,ri) is to be printed
Ol if (x,,¥,,¥;) 18 to be printed
MANTISSA 0

Positions (4), (5), and (6) of the header card are not inter-
preted by J264A.

ooy =y* -y
2 J264A is J212A modified for the new JOHNNIAC printer.
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(xi,yi)Data Cards for a problem

The number pairs (xi,yi) must be punched in consecutive

three—position blocks beginning with the first card following

the header card.

(1) (2) (3) (%) (5) (6)
1st Card '

. . . . . * .
. L] . L] . . L]
. [ ] . [ . . L]

last card (N even) Xy_1 Yy-1 -=- Xy Iy ———F

(N odd) Xy YN e _— - ——

Further, there must be an end of file mark (12 punch) in column

80 of the last data card.

e
B S e —

Cards for a Ssequence of problems

There 1is a oneéto—one correspondence between header cards
and problgms. A sequence of problems can be solved by placing
the associated header cards together with the data cards
following (if any) in sequentiai order behind J264. If the
entire deck of input cards is followed by two blank cards, the
console will show "READER” following the completion of the last

problem.

Output Form

The page will be ejected prior to the beginning of each
problem. The numbers printed will be in the external floating
point form. The print format is that described for the 017

(PNT) order in the Floating-Point write-up.




Printing for a problem

‘

A B
§ EXP MAN § EXP MAN
Information — M ID — 00 N
in header card
Space — —_—
Coefficients ao al
Space —— —

- If the number triplets

one triplet per line in the

Notes

are to be printed, they are printed

natural order.

X1 I
xa\ I
N IN

1 62%)
r2£&2f>

er&Nf)'

(1) Prior to entry into J178, the set of {;1E is replaced by
the set of {xi - M} where

N

m = 2;: Xy 4+ N.
m|

Upon exit from J178, J194 is used to compute the coeffi-

cients {ai}.

(2) 1 <M< 5and M+l < N < 120

1 must hold.

1 The upper bound of 120 on N was artificially imposed.




(3) A check sum 13X halt at (0014)g indicates that J2G¥has
probably been loaded incorrectly under the control of J180A.

The entire loading process should be restarted.

(%) A 13X halt will occur at (2434)8 if the computational
checking criteria 1s not met in any row during the forward
solution in J196. The calculation will continue if the
GO button is pressed. This halt can occur due to the loss
of significant digits in the matrix solution.

(5) A 13X halt will occur at (2533)8 if the computational
checking criteria 1s not met in any row during the back
solution. The caiculation will continue if the GO button
is pressed. This halt can occur due to the loss of sig-
nificant digits in the matrix solution.

(6) A 13X halt wiil occur aé (2357)8 if det T = 0. If the
GO button is pressed, then J264 will exit J196 and J178.
If printing occurs upon compietionvof this problem, the
results will be.incorrect. J264 will continue aheadito the

next problem 1f there is one.

Accuracy

Using x, = 0(.05)1 and the exact corresponding values of
¥, obtained from a table of Legendre polynomials of degrees
M =2, 3, 4, 5 the number of correct significant digits obtained

in the computed coefficients was as follows:




JEOUA

5=
M=2 9 digits - M=3 9 digits
M=4 8(-) digits M=5 7 digits
Timing
The Legendre polynomials of degree one through five
were used as test problems with 21 points, i.e., M=1, 2, 3, 4,

and 5 and N=21. The following times (which do not include

input-output times) were recorded while operating in the SD mode:

M=1 4 sec. M=2 7 sec.
M=3 10 sec. M=4 14 sec.

M=5 18 sec.

Program available as J264A.

John Derr



J265B-E ADDRESSABLE DECIMAL INPUT

J265 will read and convert decimal numbers, one per card,
into H.S5.S. at the designated word relative to an origin specified
in the calling sequence.

Calling Sequence:

LOC OP ADDR OP ADDR

a RA a TRL B

a+l F R

at2 End of file return

Where R 1s the origin relative to which input numbers are
addressed, and F, the feed designation; F=0, primary feed; F=l,
secondary feed.

Card Format:

Cl - s8ign of address

02_4 - relative address

06 - s8lgn of number

C,_yg - number (including decimal point)

020_21- b-the bilnary scalilng at which the number

18 to be stored in H.S.S. (0 < b < 40)
Cgo - End of file (12-punch - see below)

Signs are denoted as follows, minus signs are ll-punches, plus
signs, 12~punches‘or blank. Zeros and blanks are interchangeable
in all fields.

In the number field, the integral and fraction&l parts of the
numbers are separated by a decimal point. The decimal point
may be left out for integers if the units digit is placed in 0183
in this case 12 digit integers are input modulo 549,755,813,888
(239).




J205H8B-E
1-7-58

f b‘is-defined as the number of binary digits between the
sigﬁ bit (2°) and the binary point in the word. For b=0, the
number range 1s -1 < X < 1. All integers are converted exactly;
fractlons are rounded such that the error in representation is
not greater than 2'k, where k = 40-b.

End of file is denoted by a 12 punch in C80 of a separate
card, 1t is read but the information on the card is not stored
in H.S.S. 022_79 of all cards are not read.

Timing:

Reader is run at full speed for each file (246 cards/min.)

Storage:

CO thru C120 (121 words)
A0 thru Al9 (20 words)

Error Stops:

C82 - HTL C82 : b 1s too small, no recovery procedure.

M. I. Bernstein
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J266B-E 120 COLUMN VARIABLE FORMAT DECIMAL PRINT

J266 will print up to 120 characters on a line in tle format
specified in the calling sequence.

-

Calling Sequence:
LOC OP ADDR 0) 4 ADDR

a RA a TRL B
a+l Ll Bl
at2 Tl N1

a+2n-1 Ln Bn
at2n 100 Tn Nn

at+2n+l Control Returns here

Where L, is the location of the ith specified word;

i

B, is the binary scaling of the ith word (0 <B < 39);

T1 is the column in which the decimal point of the 1ith
word is to appear (1 < T, < 120); T,,, need not be
greater than T13

N, is the number of digits to be printed to the right of

1
the decimal point of ith word (0 < N, < 10).

Note that the left operation of a+2n contains the termination
signal (100) for the calling sequence.

All numbers are rounded by adding .5 x 107" prior to printing.

When N=0, the decimal point is not printed.

All leading zefos are suppressed with the exception that at
least one digit is printed to the left of the decimal point, even
when B=0. '

Minus signs are printed to the left of the highest order digit
printed, plus signs are not printed.

No provision is made for checking to see if an overlap of any
two adJacent numbers has occured; the programmer must provide ample

space to prevent this; it can cause the printer to hang up or over-
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printing, or erroneous printing. |
All selects and spaces are gilven in the routine.
Timing:
The maximum print speed of this routine is 400 lines/min.
Space Requifed:
| CO - €187 (188 words)

A0 - A35 (36 words)

M. I. Bernstein
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J268E*  ZEROS OF A POLYNOMIAL WITH COMPLEX COEFFICIENTS --
FLOATING POINT SYSTEM

J268 will evaluate all of the roots of an nth degree

polynomial equation of the form

n
Z c, z* = 0,
=0

where C1 is a complex number for 1 =0, ..., n and n < 50.
Each root 13 computed as a complex number and, furthermpre, the
norm of the remainder obtained by dividing the reduced poly-
nomial by the computed zero 1s supplied for each zero evaluated.:
J268 must be used in conjunction with the Floating:Point
Interpretive System. J268 makes references to the 1nterpreter
(J240E or J239F) as region F.

J268 13 entered by basic linkage. Before the calling
sequence 1is executed, however, the coefficients of the given
polynomial must be in consecutive H. S. S. locations as follows:

R

Cn = real component of Cn in floating point internal form

cnI = imaginary n

" n f " n " "

C = real component of Co in floating point internal form

- 1mag1nary 1" " " ] " - n " "

Now 1f C_ = 0, let N be such that cNf O and Cy.o = Cpoo oo

"CnRO.

Calling Sequence:A

| a c20 $ o 010 # O Link to J268
otl 000 L(C ) n  L(N)
a+2 Control returns here

1258 18 JI57 as modified for the revised JOHNNIAC FLOATING POINT
SYSTEM.
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Let QJ be the j*® root of £(2) = ;?::Ci zi'= 0. Upon execu-
=0

tion of the basic link, J268 will proceed to find the zeros

(Ql, ceey QN) of the reduced polynomials g(Z) of £(Z), one at

a time, except in the case when Q is a zero of Kth order mul-

tiplicity. (In the latter event Q is evaluated only one time,

but it is counted as K roots with respect to the output of §268).

The roots QJ, together with Ig(QJ)31+|g(QJ);I, are stored in

consecutive H.S.S. locations beginning with L(N)+1 and endingA

with L(N)+3N as follows:

L(N)+1 | 915 QlI ff(ﬂlfal+lf(91)1,
Leh 0 ? S O, B
L(N)+3N-2 | QNR ANI ,g(nﬁ)R,;‘g(QN)Il

N is a fixed-pdint integer. All other numbers are in the
floating-point internal form.

Description of the Method

The basic process used is Newton's method, i.e. if Zﬁ 1s the nth
approximation to a root §, then
g(z,)
g'(2,)

Z

n+l = Zp —

The eriterion for convergence of Zn to O requires that

g(2,)

A —
1
g'(2,)

-2

n+1 n satisfy the inequalities
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*

- - R I
|8z, | < |2,] 20 7 and lAZ RI < 'z R[.10 7. Hence |g(e)M+]g()*]
nf = |“n n| = 1"n ;
yields an independent check on the accuracy of the calculation of Q.
Note that this latter check involves an absolute error with
respect to the polynomial, whereas the convergence eriterion is
based on a relative error with respect to Zn'

In the case of a repeated root Q of degree K, K > 1, Newton's
method is rendered inadequate on two accounts. The convergence
becomes linear rather than quadratic and the number of good

by a factor of at least two since
significant digits in Z  1is reduced/ g'(zn) —> 0as Z —> Q. As
a result, g(zn)/g'(zn) becomes the ratio of two relatively small
numbers. Here, the basic process is modified as foilows: Let
L be the first integer, L>1, such that ‘gL+l (Zn)I > Q°€ (Here
we will omit the details concerning the explicit identity of

Q and €. Let it suffice to say that the test is relative versus

absolute and that gL+l (Zn) is bounded away from zero.) Now
] , (kD) 8" (z) i Az (k-L) g" (z)
n+l - and Az, = -

n gL‘"l (Zn) n gL'*'l(Zn)

Using’this new form of‘AZn the test for convergence is the same
as described in the preceding paragraph. Also the modified process

i1s s8t1ll at least a second order process.

Convergence and the Choice of Zo

When the computation for any root Q begins Zb is computed

elther as a function of Co or as the conjugate of the immediately

*The second inequality is designed to cover the situation
where the imaginary component of £ can be much larger than the
real component of Q and the real component is the only one de-
sired. Problems exist in the field of dynamic analysis, for
example, where this type of convergence is desired.
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preceding root. The iteration will then proceed to compute Zn+l

as indicated above until either Zn+l converges to Q or n = 13.

In the former case (the ordinary case), we are through. In the

latter event a new Zo is computed as a different function of Co'

This time n is allowed to reach 13 + 10 = 23 before a new Zo is

computed. This process can be repeated until the 7th value of

ZO has been computed. If convergence has not been achleved when

n =13 + 6°10 = 73, then the program will halt.

In order to glve the user some 1insight into the réasons for
selecting such an elaborate system for computing Zo’ we might
outline some of the pathological cases which might arise and do
not fit into the standard convergence pattern. We first dis-
tinguish two fundamentally different causes for abnormal conver-
gence.

I. Newton's method 1is not, precisely speaking, an "error-
squaring" process. In fact, it need not even be convergent
at all. Basically Qsz)n+l = q- @Az)ﬁ.’ Convergence 1s
guaranteed if |q-@QZ)n|<l; but the rate of donvergence still
depends directly on q. If Iql & 1, the convergence might .
be very slow. As an examplé of non-convergence consider
the case where g'(Zn) < Ql-€l and S(Zn) > 6y, e
Zn is very near a root of g'(z2) =0 which is not a root of
g(z) = 0.

II. Cycling can occur in this method due to two diverse causes.

(By cycling we mean that a finite sequence (ZCl s Za 3 eses

1 2 _

Za ) of root approximation values are taken on in a cyclic
m :

manner.)
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A. The propagated error which accumulates in the calcu-
lation of g(2z,) and g'(z,) 1is 80 great that the con-
vergence criterion cannot be met. This sort of cycling
becomes more probable as the degree of N of g(2) increases.
B. A geometrical symmetry exists among the roots of g(2)

relative to the approximation value Zn'

Notes

(1)

(2)

(3)

(%)

A Halt (130 operation) will occur 1f the process does not
converge. If the GO button 1is pressed, Zn+1 will be placed
in the root output storage and the program will proceed to
evaluate the roots of the reduced polynomial. |

The roots are usually in error onl& in the low order two
digits of the mantlssa. The accuracy of a root variles,
naturally, with the degree of the original polynomial and
the position of the root in the sequence (Ql, cees QN).
The evaluation of the nth roots of unity is probably more
d4fficult than the "average" polynomial occurring in
practice due to the geometrical symmetry of the roots. The
following approximate times in seconds were recorded while
operating in the SD Mode:

x3 -1 17
¥ -1 23
B -1 122
¥ -1 59
X6 -1 465
7 -1 329

J268E requires only the interpreter (J240E) of the JOHNNIAC
Floating~Point System. The first word of the interpreter
(J240E000 or 5500g) must coincide with FOOO. Reglon F must be
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assigned on absolute location prior to the loading of J268.

Reg. A 33:2lo words - (A O - A 331)%

Symbolic Code: 42210 = 6#68 words

Program avallable as J268E.

John I, Derr

¥ A132-A331 are available to the user for storing coefficients

for input to J268, i.e., 1t 1s permissible to have L(CnR) = Al32,

However, these coefficients will not be available upon re-entry to the
main program. ]



9-11-58
J269E#* COMPLEX MULTIPLY -- FLOATING POINT SYSTEM

J269 is a closed sub-routine which will multiply two
complex floating-point numbers a and b. The arguments must
be in region A prior to the execution of the basic link.

The resulting domplex floating-point product ¢ = a . b will
be found in region A when J269 links back to the main pro-
gram. The arguments a and b will not be destroyed by J269.
J269 makes references to the interpreter (J24CE or J239F) as

region PF.

Calling Sequence

a 020 $ 0 010 # 0 (Link to J269)
a + 1 Control returns here.

The region A locations of a, b, and c are as follows:

A0 contains aR = real coﬁponent of a in fl1. pt. internal form.'
Al n I = 1mginary 1" " a n " n 1] "
52 n bR = real ' .n " b 1] " " " "
A3 o bI - mgimry " n b " n " n n
All» " R = peal n "oa non n " n
As 1] OI = mginary " " c " n " " "

J269E requires only the interpreter (J240E) of the Floating
Point System The first word of the interpreter (J240E000 or
55008) must coincide with FOOO. Region F must be assigned an
absolute location prior to the loading of J268.

Region A (erasable) 6 words A O - A 5
Symbolic Code lOlo = 128 words

Program avallable as: J269E
John I. Derr

® J269 is J169 as modified for the revised JOHNNIAC Floating
Point System. '
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Jé7OE* COMPLEX DIVIDE -- FLOATING POINT SYSTEM

J270E 18 a closed sub-routine which will obtain the
complex floating-point quotient q of two complex floating-
point numbers a and b. The dividend a and the divisor
b must be in reglon A prior to the execution of the basic
link to J270. The quotient q and the square of the norm of
b (Ibl2 - (bR)2 + (bI)2 ) will be found in region A when J270
links back to the main»program provided that b ¥ 0, If b = O,
q wlll not be computed. The arguments a and b will not be
destroyed by J270. J270 makes references to the interpreter
(J240E or J239F) as region F.

Calling Sequence:
a 020 $o0 010 #0 (Link to J270)

a+l Control returns here if b ¥ 0
at+2 Control returns here_if b = 0.

The region A locations of a, b, q, and |b|2 are as follows:

Ag contains aR = real component of a in floating-pt. internal form

[}

" " " n n " n

Ay " a* = imaginary a

A, " b = real wop v mm "
Ag " bt = imaginary " " b " " " " "
8, " o =real woom g " " " "
Ag " qf = imaginary " " q " " " " "
Ag " |b|2 = norm squared of b.

J270E requires only the interpreter (J240E) of the Floating Point
System. The first word of the interpreter (J240E000 or/éééoa) must
coincilde with FO00. | .

Region A (erasable): 7 words A O - A 6
Symbolic Code 1719 = 21g words

Program available asj J170E: John I, Derr

' #® J270 18 J170 as modified'fér the revised JOHNNIAC Floating Point
System.
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J271E* SCALAR PRODUCT OF TWO VECTORS -~ FLOATING POINT SYSTEM

J271 computes the usual inner product (x, y) w.r.t. the

standard orthonormal basis over a Euclidean Vector Space, 1.e.
n

Amwngxy.i
. 4= 171 '\'

Denote (x, y) by ¥ . All of the numbers{xig and {yil must be

in the packed internal form recognized by the Floating-Point
Interpretive System. Upon exit from J271 ¥ will be in the same
form. J271 makes references to the interpreter (J24OE or J239F)

as region F.
The elements Ex1} of the vector x = (xl’ sesy xh) must be

placed in H.S.S. as follows:
_L(xl), L(xg) = L(xl) Ay e L(xn) = L(xl) + (n-l),Ax,

where A, 1s an integer and Laxl‘s (377)g = 255,4-

A similar statement holds for y.
Cailing éeqﬁéhéefu- }‘_‘ S |
@ 020. @ 010 B (Link to J271)
atl iX00 | L(¥) Ia |l L(x)) -
a+2 jyoowj' n hsyl L(y,)
at3  Control returns here )

Here x 1s defined by

|Ax| if x= °,L

A[L(xi)] = ’
-IAxl if x=1

and a similar statement holds for y .

A AR AR e,

| ¥YETT is 3172?as*mndltie¢$tdr.thezrevised JOHNNIAOJFloatinsg;
Point System. o " - ‘ -
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[4
J271 requires only the interpreter (J240E) of the Floating
Point System. The first word of the interpreter (J24OEO00 or
5500g) must colncide with FO0O.

Region A (erasable): 6 words A O - A5
Symbolic Code: 31 words
Program available as: J271E

John I, Derr



J2T2E* SUM OF THE COMPONENTS OF A VECTOR -~ FLOATING POINT' SYSTEM
The function of J272 depends upon the contents of the left

operation field of its 16" word which is 024 unless altered

by the user. 1In particular, J272 computes |

n
g Xy , if the field contains 024
t

Y = n

S Ixil , 1f the field contains 026
ie

All of the numbers {xi} must be in the packed internal
form recognized by the Floating-Point Interpretive System. Upon
exit from J272 ¥ will be in the same form. J272 makes reference
to the interpreter (J240E or J239F) as region F.

The elements {xap} of the vector x must be placed ;n
H.S.3. as follows:

L(xl), L(x,) = L(xl) + 8, vee, L(xn) - L(xl) + (n-1)A, where
A is an integer and |A| < 377g = 255, -

Calling Sequence:
a 020 a 010 8 (Link to J272)
atl <00  L(¥) |a]  L(x;)
a+2 000 n 000 0000

a+3 Control returns here

o] if o =0
8 =a[L(x,)] = .
-la]l 1 o=1

' *J272 is J173 as modified for the revised JOHNNIAC Floating
"Point System.
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J272 requires only the interpreter (J240E) of the Floating
Point System. The first word of the interpreter (J240E000 or
55008) must coincide with FO0O0O.

Region A (erasable): 4 words A0 - A3

Symbolic Code: 23 words

Program avallable as J1T3E.

John Derr



J273E* LINEAR COMBINATION OF TWO VECTORS -- FLOATING POINT SYSTEM

J273 computes the linear combination z = B x + y of the
vectors x and y over a Euclidean Vector Space. Here x, y,
and z are denoted by the n-tuples (xl, cer, xn), (yl, coe, yn),
and (zl, cee, zn). B is a scalar. All of the numbers {xi} s
{yi} , and B must be in the packed internal form recognized by
the Floating-Point Interpretive System. Upon exit from J273,
the numbers {zi}» will be in thé same form. J273 makes referencev
to the interpreter (J240E or J239F) as region F.

The elements {xi} of the vector x must be placed in
H.8.8. as follows:
L(xy), L(xy) = L(xy) + &4, «vo, Lix,) = L(x;) + (n-1) 4,
where A, 18 an integer and |Ax|.S 377g = 255;5- Similar
statements hold for y and z.

Calling Sequence:

a 020 a 010 ——— (Link to J273)
o+l 0,00 L(B) o | L(x))
at2 00 lagl  L(y;)
at3 0,00 0000 |a,| L(z)

a+lt Control returns here

lagl 1f o =0
b,z A[L(x)] = .
-la | i o = 1

’J273 is J187 as modified for the revised JOHNNIAC Floating
Point System.
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Steps a+2 and a+3 can be interpreted in an analogous manner.
Two variations in the use of J187 are permitted. Together
with the most general form already described there are three
mutually exclusive functions avallable:

(1) px+y, L (B), L (yl) must be non-zero.

(11) x +y, L (B) must be zero (blank).
(111) B x » L (B) must be non-zero and
L (y) must be zero (blank).

Essentially, J187 consists of three programs in one. The
basic computational loop for each of the three functions described
is optimal in the sense that the number of program steps
is minimized subject to the condition that the smallest possible
number of program steps shall be executed in the Floating-Point
System.,

J273 requires only the interpreter (J240E) of the Floating Point
System. The first word of the interpreter (J240E000 or 55008)
must coincide with FOOO. '

Region A (erasable): 12 words (A0 - All)

Symbolic Code: 65 words

Program available as: J187E.

John Derp



J274E*  POLYNOMIAL FUNCTION EVALUATION -- FLOATING POINT SYSTEM

For a given value of x, J274 will compute

N
p(x) = % aix1 s, N> 1.

J274 must be used in conjunction with the current version of
the Floating Point System and x , p(x), and the coefficients
8ns 8y, «eey By must be in the packed internal form. Further,
the coefficients must be placed in H.S.S. locations as follows:
L(ao), L(al) = L(ag) + 8, .., L(aN) - L(ao) + N-A, where A is
an integer and |a| < (377)g = (255)yo - J274 makes references
to the interpreter (J240E or J239F) as region F.

| Calling Sequence:

a 020 a 010 B (Link to J27h)
a+l 00 L(aN) A N
a+2 L(x) L{p(x)]
at+3 Control returns here
o] Af *= O
A = A[L(ai)] = .
-lal 1f =1

Method:

p(x) = pN(x), where pN(x) is generated by recursively
defining p,(x) = ay.p + ayx and p1+l(x) =ay, ,+ xpi(x) for
1-1, 2, LU N"lo

*J274 18 J191 as modified for the revised JOHNNIAC Floating
" Point System.



J2T4E
P

Timing:
No absolute times have been recorded, but N floating-

point additions and multiplications are performed. Hence, for
sufficlently large N the time will vary directly as N.

Note: J274 requires only the interpreter (J240E) of the PFloating
Point System. The first word of the interpreter (J240E000 or
55008) must coincide with FO00.

Regioﬁ A (erasable): 3 words A0 - A2

Symbolic code: 26 words

Program avallable as: J191E

John Derr




J2TSE* ITERATED SYNTHETIC DIVISION - FLOATING POINT SYSTEM

N
Given a polynomial f(x) = ; aixi, J275 will divide f(x)
L4

by x-c¢ M times, where 1 < M < N. More precisely, define the

quotient polynomials qi(x) by recursion. Set qo(x) = f(x) and
- +

let qJ(x) be defined by qJ_l(x) c_(x c) qJ(x) qJ_l(c) for

=1, 2, ..., M. Now let

N-M
qm(x) =‘§:; q? J gefine {qJ‘}. Then J19% computes

the set of N numbers {b%} where b, -{hﬁ(c)’ 10s Ly ey Mol
Q. y » i=M, M¥1, ..., N
All of the numbers {ai} , {biz, c, {qi(c)} , and
{ﬁ?_nz are in tle packed internal form recognized by the current
version of the floating point system. The gaig and §b;; must
be arranged in H.S.S. as follows:
L(ao), L(al) = L(ao) + 8., cen, L(aN) = L(ao) + Nea, .
L(bg), L(by) = L(bg) + 4, ..., L(by) = L(bg) + Nea, .
Here, Aa and Ab are lntegers whose absolute values are bounded
below (400)8'- (256)lo . J275 makes references to the interpreter

(J24OE or J239F) as region F.
Calling Sequence:

a 020 a 010 ) (Link to J275)
a+l 0,00 N lAal L(ao)

at2 4700 M IAbI L(bo)
a+3 L(ec)

o+l Control returns here

J275 is J194 as modified for the revised JOHNNIAC Floating
Point Systemn.
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IAal if oy =0 IAbI 1f 0, =0
Aa = and Ab = o
-IAaI if oy =1 -IAbl if oy =1

Notes:
(1) Making use of the general relationship f(k)(c) = k!ch(c)
for 0 < k < N, one can use J275 to compute the values
of the derivatives of a polynomial f(x) evaluated at
X = c. In particular, for k=0 J275 duplicates the
function of Ja7h. |
(11) If M = N, then the {bi} computed by J275 also satisfy

the equation

£(x) ?—_—?——-ﬁ :{.N_% aixi = é bi(x-c)1 i-—-g_% g (x-c) .

(111) The {aig are not destroyed by J275 if {'L(ai)} are

| disjoint from {L(bi)} . However, setting Ay = A, and

L(ao) = L(bo) is permissible if the {ai-z are expendable.

(1v) J275 requires only the interpreter (J240E) of the Floating
Point System. The first word of the interpreter (J240E000
or 5500g) must coincide with FOOO.

Timing:
%M(2N~M+1) pairs of floating-point add and multiply orders

are performed for each entry.

Region A (erasable): 7 words A0 - A6
Symbolic Code: 46 words

John Derr



J276E*  MAXIMUM ELEMENT OF A VECTOR -- FLOATING POINT SYSTEM

J276 1is a floating-point version of JIT4E. Let x = (xl,...,xn)
be an n-tuple with real components. J276 will find the first |
element x £{x1} such that kal 2_|x1| for i=1, ..., n. The
element X, will be in A4 upon exit from J276. 1In addition,
L(xk)-2'39 will be in the A upon exit from J276.

The elements {xi} of the vector x must be in the packed
internal form recognized by the Floating Point system and must
be placed in H.S.S. as folléws:

L(xl), L(xe) = L(xl) + 4, ..., L(xn) = L(xl) + (n-l)A, where
A 1is an integer and |a] < 377g = 255, -
Calling Sequence:

a 020 a 010 B (Link to J276)
atl 000 n [a] L(xl)
a+2 Control returns here

Notes:
(1) By modifying the 18°P word of J276, J276 can produce
the maximum or minimum of the x,{ or lxil .
(2) J276 requires only the interpreter (J240E) of the
Floating Point System. The first word of‘the interpreter
(J240E000 or 5500g) must coincide with FO0O.

*J276 18 J195 or modified for the revised JOHNNIAC Floating
‘Point System



Region A (erasable):

5 words (A0 - Al4)

Symbolic Code: 25 words

John Derr

J2T6E

-Da
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J277E“ SOLUTION OF A MATRIX EQUATION AX = B WHERE A ISn x n
AND NON-SINGULAR -- FLOATING POINT SYSTEM

A link to J277 will result in the solution of the k

systems of n simultaneous linear equations
n
% a1J xJ(Z) = bi(Z), i=1,2, ..., n,

in n wunknowns for j?n 1, <., ko If we define the matrices

A, X, B by
a1 e e o) g; @m0 @), 0
A= ?l : » X= . . : » B= ? :
By e . B < L (k b, (1) 5 ()

then the two statements concerning the function of J277 are
equivalent. J277 also computes the determinant of A which we
denote as det A.
Calling Sequence:

a 020 @ 0l0 B (Link to J27T)

a+l k n A L(a

11)
at2 Control returns here if det A = O

a+3 Control returns here if det A ¥ O
Before linking into J196 the user must place the elements

aiJ of A and bi(éo of B into H.S.S. locations as follows:
vew an b (1) p (R (k)

a1 &9 1n °1 1 1 —_—
821 8 .

: (1) ., (2) (k) .
anl ane o e o ann bn bn [ N ] bn\ .

*J277 is J196 as modified for the revised JOHNNIAC Floating
Point System. _
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Basically, these locations differ by A. More precisely,
loc (ai,J+1) = loc (aij) +,, J=1, 2, ..., n-1,
loc (ai,l) = loc‘(bi_l(k)) +27, 11,
loc (bi(l)) = loc (ai,n) + 4, and
loc (bi(zal)) = loc (bi(zg) + 4, /=1, 2, ..., k-1.

Upon exit from J277 these same H.S.3. locations will contain

L (1) L (2) (k)
all 0.12 60 aln xl Xl LN 4 xl

c1
d?l a22 * 00 L]
‘ (1) . (2) (k)
anl an2 o 8 ann xn xn L B I 3 xn cn

In addition, det A will be in A 19. All of the numbers
referred to are in the packed internal form recognized by the
Floating-Point Interpretive System. The quantitiés k, n, and 4,
in the Calling Sequence are positive integers with the obvious
upper bounds (77)8, (7777)8, and (377)8, respectively. Clearly,
these are not least upper bounds.'

The matrix aoq = (aij) is the n x n matrix obtained from A
by the forward solution part of the elimination process. The
n x 1 matrices (xl(g), xeclv, ceey xn(lo) are obtained in the
back solution part of the method. The n x 1 matrix (c,, °2""'°n)
should be ignored by the user. It functions only as a check on

the computational accuracy of the forward and backward solutions.

Description of the Method
The basic method used is the Gauss elimination method. 1In

the forward solution the matrix A is reduced to a triangular matrix

T. The solution of Tx = Eb 18 equivalent to the solution of the



original equation Ax = b, where E = v'Ei and the E, are
. : i
elementary matrices, i.e. EiM results in performing elementary

row operations on M. The back solution can be performed by a
simple substitution usingthe equation Tx = Eb.

" The rule of formation of the sequence (E,, Ep, «e.) 18 known
as Crout's Method*. However, here the method is modified
so as to permute the rows of the resulting matrix, if necessary,
to use the element oy ’123§n (kﬁil) as the Q44 pivot element
for 1=1,2, ..., n. -

th

The computation of the 1“" row of T is checked versus

(1+1)2~10'6 according to the Crout criterion for checking.

th

Similarly, the calculation of the 1“" row of X 1s checked versus

(n+1)2-10"6. This method of checking will probably suffice

\

in most cases w. r. t. testing for machine malfunctions.
Note that this check does not guarantee thgt the solution
computed is "correct" in any normal sense, since the ultimate
accuracy of the computed solution is limited by the inherent
error of the original system of equations. An exact specification
of bounds for inherent error is beyond the scope of J277.' However,
loss of significant digits due to ill-conditioning of the
original matrix A can cause the checking criterion not to be
satisfled.
NOTES

(1) J271-2, J175, J276 (or J1T4 in place of J276 if all
calculations are performed in the N mode) and the interpreter

(J240E or J239F) of the Floating Point System are slave routines

*See Numerical Calculus, pp. 17-29, by W. E. Milne
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w.r.t. J277 and therefore must be used in
conjunction with J277. Purther, J271-2, J175,
J276 (or J1T74) and the interpreter have thevorigins
W0, X0, 20, Y0, and FO respectively, w.r.t. J277. '
Hence, these regions must be assigned locations before
J277 is loaded.

(11) A 13X halt will occur in the 120th word of J277 if the
computational checking criterion is not met in any
row during the forward solution.. The calculation
will continue 1f the GO button is pressed.

(111) A 13X halt will occur in the 183rd word of J277 if the
computational checking.criterion is not met in any
row during the back solution. The calculation will
continue if the GO button is pressed.

(1v) A 13X halt will occur in the 75th word of J277 if
det A=0. Control will link back to the main program
if the G0 button is pressed.

(v) Clearly, the original matrices A and B are destroyed
by J277.

(vi) The relation

n(n+k+l) < (4096-F) - 292 - 26 - M
must always be satisfied when using J277, where F = the
number of words used by the Floating-Point Interpretive
System and M = the number of words in H.S.S. occupled
by programs other than J271-2, J175, J276 and the
Floating-Point System.
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In order to get some real-live numbers, suppose
(4096 - F) = 2880, A = 1, and M = 115. Then n(n+k+l) < 2hh7
must hold. If kel, n < 48. If k=n, ken < 34,
Timing

Since at the time of this writing no explicit times were
known for the floating-point operations, it follows that no
explicit iming estimates could be made for the general case.
However, the following floating-point operation counts should
yleld a reasonable measure of how the time will vary as a function
of n and k .

Operation Counts for the Forward Solution

(2) n(n+gk+l)

3 2
(+) and (x) %;-+ ¥§%f for each
(approximate for large n or

Operation Counts for the Backward Solution

(+) and (x) njn-l%(k+l) for each

J277 Storage (without slaves)

Reg. A (erasable) 20 words (A 6 - A 25)
Symbolic Code: 192 words

Storage Used by Slave Routines (Interpreter excepted)

Region A 6 words (A O - A 5) . (Note that the erasable
storage used by J271-2, J175 and J276 (or J174) does
not overlap that used by J277.)

k)
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Symbolic Code: 100 words (or 98 words if J1T4 1s used)
Combined Storage Used (Interpreter excepted)

Reg. A 26 words (A O - A 25)

Symbolic Code: 292 words (or 290 words if J1T74 is used)
Lattice Diagram Describing Master-Slave Relations

J2T71 Jo72 J276 (J174)  J175 Floating Point
Cb : System
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J278E*  EVALUATION OF A ROOT OF A POLYNOMIAL WITH COMPLEX
: COEFFICIENTS -- FLOATING POINT SYSTEM

J27&E 1s a more flexible version of J268E. J278 will
compute, by an iterative process, up to n roots of an nth

degree polynomial equation of the form

n
£f(z) = % Cizi = 0, where C,

is a complex number for i=0, ..., n. Along with each root.Q
computed, the multiplicity k of f , lg(ﬂ)l'and the new reduced
polynomial g(z) are available to the user. The user may, for
each roop.ﬂ, constrain the convergenée of the process by
specifyiﬁg an 1nitial guess zq and by modifying certain
sensitive quantitiés.

J278 must be used in conjunction with the current version

of the Floating-Point System. J278 makes references to the
interpreter (J240E or J239F) as region F. The main entry

(polynomial entry) is performed by basic linkage and results

in normalizing the polynomial f£(z) into monic form, i.e.

(z) = . 2,281, where . = 1 = Oy and € = C =
g gi ’ 0 Ty N+1 N2 T o

= Cn = 0. In all succeeding re-entries (root entries), an attempt
is made to compute a new root of the reduced polynomial. |

Calling Sequence for Polynomial Entry:

a 020 a 010 B (polynomial entry to 1lst
word of J278) :

*J278 is an improved version of J210 as modified for the revised
"JOHNNIAC Floating Point System.



atl 200 -L(C) |a

a+2 Error return

a+3 First Root return

J278E
-2a

n

(Control returns here if
N=0 for the polynomial
entry or if the process
does not converge for a
root reentry.)

(Control returns here
following polynomial entry.)

at+h Intermediate root return (Control returns here

following the evaluation
of a root.)

Before the polynomial entry to J278 is executed, the

coefficients {C } of f£(z) must be stored in H.S.S. locations as

f am
follows, where {l l if : - g : (Note that |a] > 2):
L(Cn)--—CnR = real component of Cn in floating pt. internal form

L(Cn)+l—--—cnI = imag. component of Cn in floating pt. internal form

.

L(Cn)+n-A+l——Co

. . L)

L(Cn)+n-A—-COR = real component

I

L] L] L] L] . L]
[ ] L] L] L] L] [ ]

. L [ ] . . .

of CO in floating pt. internal form

= imag. component of CO in fl. pt. internal form

The following locations contain the current values of

quantities which are of interest to the user and to J278:

BOO
BO1
BO2
BO3
BO4
BO5

24
I
2y

R, real component of the current approximation to £ .

= lmag. component of the current approximation to .

lg(R)|, where 2 1s the last root evaluated.

k, = current estimate of multiplicity of zy.

N = degree of g(z)

(n-N) = number of leading zero coefficients of f£(z).



J2T78E

B10O + 6] (JaO,...,N—l) - a R, real comp. of the coefficient

1+
of zN-1-J 4q z(z).

Bll + 64 (J=0,...,N-1) - a1+JI = imag. comp. of the coefficient
of zN=1-J4p g(z).

J278E283 (#88) - I(I=17 unless changed by user). The maximum
| number of iterations in the first cycle
18 I + N/2 (mod 4).

J278E284 (*89) ~.C = maximum number of iteration greles

(C=7 unless changed by user)

J278E285 (#96) - £( ¢ =10~7 unless changed by usef)
J278E286 (*97)
J2T78E289 (*9h)

J2T8E290 (*95)

n(11-10"3 unless changed by user)

8 in floating-point (6-10'2 unless changed by user)

8 4in fixed point scaled 2° (6-10°2 unless changed
by user)

Root Entry (Re-entry):

All root entries (re-entries) to J278 are made by

transferring to J278E0O46. If the root return is made to the
right of J278EO46, then J278 will use the contents of BO and
Bl for theiﬁnitial guess, z,, to & . Otherwise, J278 will set

N N
zg = V/T;;T + 1 IaNI - Prior to any root re-entry to J278,
the user is free to alter 20 I, C, & 1, and & as he sees fit.
Upon return of control to a+2, a+3, or a+4 the user will
probably want to utilize some of the quantities zy, le(WI, x, N,
n-N, and the {'aiz « If control returns to the Intermediate
root return, the user may assume that JL- zi, ki = the multiplicity
of J, and N is the degree and the { } are the coefficients of
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the new reduced pol&nomial g(z). It is important to observe
that the user must program the decision to terminate the
computation of roots of f(z). This can usually be done by
tesﬁing N=0 for every intermediate root return if all of thé

roots of f(z) are desired.

Description of the Method

Set qo(z) = g(z) and let qJ(z) be defined by

Q. 1(2) = (z-z i)qJ(z) +qy. 1(zi) for j=1, 2,...,N. Define

ﬁ to be the smallest non-negative integer such that

(1) quiﬂ(zi)l 2 qlqgi+1(0)l and

'q/ -1(z9)] gy, (z,)]
Fl/__ ©) | < 4 iq/i T T whenever ,fi >0,

(11

» (8z), 4
if such a number exists.” Otherwise, replace zy by zy +

and repeat the decision process until an ,éi satisfies (1) and (11)
for some Zy.
We next define ki to be 1 or £§+£-l depending on whether

4{ is respectively zero or positivé. To obtain ﬁ first compute

g(4) (zi)/s(‘éiﬂ)(zi)

X = .
(£4) (£,+1) =11 T2 ’
e U (z)/8 ' (zy) -8 ' Jgt (z4)

provided the right hand side of the above equétion exists. Then

(1) Set ; = J 1f x 1is well-defined and there exists an

integer J, 2 < § < N-4+1, such that |x-j| <8 .*"

JIn J268E, =1072, 1
**The 6 used here 18 10" "in J268.
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(11) Set %X = 2 otherwise (in this event kiwl{41).

Finally, the basic iterative process consists of recursively

computing zi+l from 2y by means of the relation

~ Nl 4)
Zi41 = 24 - (A_Z)1 » Where (Az)1 = (ki :%;flji (zi)
g (zi)

*
The basic iterative process is modified when j%no

and with X now defined by

(ax)y 3 |
X = (Ax)i~1'(Ax)i » When

there exists an integer j, 2 £ J £ N, such that |x-J|< 8. If such
is the case set k1 = J and ki - /4 = J=l. With this modification

multiple roots can be detected prematurely.

Convergence and the Choices of 2,

The criterion for convergence of 2, to Jlrequires that
I(Az)il‘g Izil- ¢, i.e. that the relative error in £ shall not
exceed €. |g(L)| provides an independent check on the
computation. Note though that J278 does not substitue f{{ back
into the original polynomial f£(z).

The system which J278 uses for starting the iterative
process breaks down into «C iteration cycles. The first iteration
cycle allows a maximum of I+N/2 (mod 4) iterations and this

maximum is increased by 4 for each succeeding iteration cycle.

*n J268, this modification does hot exist.
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On the first cycle Z4 is chosen as described above. On
successive cycles 24 is set equal to a complex number with
N

modulus = /aN according tb a fixed pattern, where ay is

the constant coefficient of g(z). The set of values of Zq
includes points in all four quadrants.

Any cycle can be interrupted by convergence. If all C
cycles are executed in théir entirety, then the process has

not converged and control will return to the Error return.

NOTES

(1) 1r £(z) has real coefficients, and if /! is a proper

complex root, then set zy= {* (the conjugate of &), provided
di* has not already been evaiuated.

(2) 1In general, do not set Zo= a real number unleés only
real roots are desired.

(3) 1In general, € should not be less than 10‘8, since
9 digit arithmetic 1s used. |

(4) 1In general, as n is increased, the process will tend
to produce more multiple roots. For example, as 7 is increased,
distinct roots (as well as true multiple roots) are more likely
to be ldentified as multiple roots. Conversely,. as q is
decreased, multiple roots (as well as distinct roots) will tend
more to be identified as sets.of distinct roots. |

(5) Essentially, the statement of (%) for q holds for 8
as well.

~ (6) The values of the roots, as well as their mﬁltiplicities,

cén vary significantly with the order in which they are dgtermined.
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(7) The reader 1s referred to the J268 write-up for
additional information of a more general nature.

(8) J269 and J270 and the interpreter (J24OE or J239F)
of the Floating Point System are slave routines w.r.t. J278
and therefore must be used in conjunction with J278. Purther,
J269, J270, and the interpreter have the origins YO, Z0,
and FO respectively, w.r.t. J278. Hence, these regions must
be assigned locations before J278 18 loaded. The first word
of the ;nterpréter (J240E000 or 55008) must coincide with FOO0O.

(9) 1If the process does not converge, BO and Bl contain
the last approximation to a root S.. Also N and the {:al+3}
suffice to describe g(z).

(10) J278E requires only the Exponential (J248E) and
Logarithm (J249E) programs of the JOHNNIAC Floating Point System
in addition o the interpreter.

(11)  J278E can't be loaded by X267 without modification since

too many forward references occur.

J278 Storage (without slaves)

Region A (erasable) 27 words (A00-A26)
Region B (semi-erasable) 10+6N wordsv(BO - B9 + 6N)
Symbolic Code: 305 words

Storage Used by Slave Routines (J269E and J27OE)

Region A (erasable) 7 words (A0 - A6)
Symbolic Code: 27 words
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Combined Storage Used by J278, J269 and J270
Region A (erasable) 27 words (AOO - A26)
Region B (semi-erasable) 10 + 6N words (BO - B9 + 6N)

Symbolic Code: 332 words

Lattice Diagram Describing Master-Slave Routines

J269 Ja7o

Ja78

John Derr
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J2T9F AUTOMATIC COMPUTATION OF THE ZEROS OF A POLYNOMIAL
WITH COMPLEX COEFFICIENTS -~ FLOATING POINT SYSTEM
J279 makes use of J278 to compute the roots of polynomials.
The roots of the polynomials will be computed and printed one at a
time.

Formation of Input Deck:.

l. blank card

2. J140A (1 card)

3. J135A (1 card)

4. J239F or current version of the Floating Point System
5. J2T9F

6. Data

7. 2 blank cards

Input Form - Data:

Information should be punched in the Floating Point Data
Form as follows:

Header card for a problem

Pos (1) S + (blank) if all coefficients are real
- 1f any coefficient is not real
EXP m = the maximum’number of distinct roots to
be evaluated (usually m=n). If m=0, then
m will be set = n.
MANTISSA ID (Iff ID=0, the coefficients of £(z) will
be printed.)
Pos (2) S I1ff -, set &FQO when |8F] < e IQPI.
EXP Iff 0, the final reduced polynomial g(z) will
be printed.
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MANTISSA n = degree of f(z).

Pos (3) zoR
Irf zoﬂo, the starting value for the first
Pos (4) 2.1
‘ 0 iteration cycle will_be Zg
Pos (5) Iff €40, then € will replace the ¢(10~7)
in J278. '
Pos (6) Iff %0, then v will replace the 7(10’3)
in J278.

Coefficient cards for a problem

The coefficlents are punched 6/card into consecutive
positions of the cards beginning with poéition (1) of tle next
card after the header'card. If the sign in position (1) of
the headgr card 1s + (blank), then only the real components of the
coefficients are to be punched and these must be in consecutive
positions (no gaps). Otherwise, the real and imaginary
components of each coefficient must be punched. The last
card for each problem must contain an EF mark (12 punch (+) in
col. 80).

A sequence of problems

The roots for a sequence of polynomials can be evaluated by
plgcing the input cards for the polynomials in sequential order
behind J279F. 1If the input cards are followed by two blank cards,
the console will show READER upon completion of the last problem

or a hang up condition will occur.

OQutput Form

The page will be ejected prior to the beginning of the

first problem. The numbers printed will be in the external Floating
Point form. Tieprint format is that described for the 017 (PNT)
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order in the Floating-Point manual.

Printing for one problem

Infgrmation in Xy 32 x3 Xy xs Xe
header card S EXP MAN S EXP MAN
z B z 1 € 1
+ o 0

mId ‘tonan

If ID = 0, the printer will be spaced one line. Then the coefficients
will be printed 8/line, if the sign position of the first word of
the header card 1s +, and pairs of real and imaginary coefficients will

be printed in positions (xl, xg),(xu, x5), and (x7, x8), otherwise.

Space .

Roots begin here Xy *2 x3 X, x5 %
: AR AT sl

et Q% At )l

Space . . .

Space

If 0/1 = 0, then the coefficients {ai} of g(z) will be printed

as follows:

X, X5 x3 xy
Coefficient of zN aoR aOI N

b
4
(o]

Constant coefficient ay ay
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The printer 1is spaced four lines. If there 1s another problem,
the header card will be read and printed and the above process

for printing will be repeated.

NOTES
(1) If n exceeds 450, then following the printing of the

contents of the header card and the printing (if any) of the
coefficients of f£(z), J279 will begin the next problem (if any).

(2) p <min (m,n) and N<n - kJ, where here N
denotesa the degree of the last reduced-polynomial g(z).

(3) 1If £(z) has real coefficients, QT ¥ 0, and Ijgl‘g IQRI-GQ
then J279 will set zy = qR - &F, provided i {F has not been
evaluated previously. .

(%) 1If the process does not converge, then the printer
will be spaced twice, zin, ziI, and Ig(zi)l will be printed
on one line, and the printer will be spaced twice again. Then if
0/1 = 0, the coefficients of g(z)'yill be printed as described
abové. In any event, J279 will then begin the next problem
(1f any).

(5) The following approximate times were recorded while

operating in the SD mode:
z3 - 1 required 9 sec. z5 - 1 required 36 sec.

29 - 1 required 76 sec. zl7- 1 required 401 sec.
(6) The user 1s referred to the J278 write-up for a
description of the method and the definitions of quantities not

defined in this writeup.
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(7) The computation for any one problem can be interrupted

by manually transferring to 51168. The result will be the same

as in (4). Note that the coefficients of g(z) will be printed

only if 0/1 = 0,

(8) J278 has been modified by placing breakpoint tracing

marks in certain key words. Thus, if T2 is on, the following

information will be printed:

4243

L2k

4273
k275

4335
4337

4340

1342

The real part of (Az)i-l is divided by -2 and replaces
(az),. |

The imaginary part of (Az)i-l 1s divided by -2.

2 18 subtracted from the real part of x.

The modulus of the imaginary part of x is divided
by the real part of x.

The real part of (Az)1 is multiplied by ki-lg.
The imaginary part of (Az)i 18 multiplied by ki-éz.
The real part of (Az)1 is subtracted from the real
part of zi.

The imaginary part of (Az)i‘is subtracted from the

imaginary part of Z,.

Program available as J279F--53 cards (J79F001 - J279F053) .

John Derr



J280E CAT Punch with Echo Checking

Calling Sequence:

a -~k 100 3
a 020 a 010 B
a+l Normal Return

J280 punches the CAT image# from Bl thru B24, then transfers
the image to B25 thru B48 where it is used for Echo checking.

Note that B25 thru B48 must be clear before the first usage and
must not be disturbed until the punch is cleared. Also note that
a card other than a blank (in the punch) will cause an echo
fallure at the time of first usage.

In the event of an echo fallure, one blank card is fed, and
the failed card is re-punched. The mechine will then stop at the
right of the origin of J280 + 23. At this time the penultimate
card in the stacker ia the falled card. Remove the last two cards
from the stacker, hit GO, and the repunched card will be echo
checked and normal operation will continue until the next failure.
Note that the first card into the stacker after hitting GO will
be a blank,

#* CAT card image 1s as follows:

B1l Ci-30 12's row
B2 Cy 50 11's row
B 1l2 Cy 40 9's row

B 13 Cy1-80 12's row

B24  Cyg,  9's row
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Timing: There are approximately 39 ms. avallable for computing
between the 100 3 instruction and the entry to this routine.

Program length: 34 words
Highest symbol used: #* 18
Region B: Bl-B4S

C. P. Martin
10-21-58



J281E - Ordinary Least Squares -- Floating Point System

The program computes the best possible polynomial approximating
a set of data in the sense of least squares. The data consist of
number pairs (xi, yi) for 1 = 1, 2, ..., N which determine a
relation (x,y). The program approximates.(x,y) by a polynomial

M
»
(x) = g: b J (x-m)J ,
J=0
where 1 < M < min (10, N-1) and m = § 1/N’ This program must be
used in conjunction with the interpreter of the Floating Point

System. The interpreter is referred to as region F.

Calling Sequence (51 entry):

a 020 a 010 J281E001
at+l M N b, L(xl)
a+2 Error Return - (1 < M < min (10, N-1) 1is not

satisfied or 13X in J277)

»

at+3 Control returns here.

Calling Sequence ( ¥y entry):

a 020 a 010 J281E104%
at+l L(bo) by L(yl)
at+2 Control returns here

Application:

The employment of a double entry is motivated by the case
where many sets of {yi} correspond to one set of {xij . The
locations of the jxi} and {yi} are equally spaced; 1.e.
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L(x = L(xi) + 4, for 1l <31 N-1, where A, >0, and

1+1)

similarly for zyig and Ay. An x entry followed by a Yy

i
entry yields by, by, ..., by. Following an x entry -m will

be in A026. A link to J275E with L(c) = A026 will yield

ao, al, .O.’ aM‘

Method:

The x, entry produces the following results:

i
(1) Compute m.
(11) Porm the normal matrix A for {xi'} , where

xif = x14m for i=l, 2, ..., N, i.e.

| N 2 N M
N 0 E (xi') e e E (Xi')
N 2
0 S (xi') . .

N
Z;_' (xi')z ..

M . N
Z; (xi) . e e ;(xi')gm

(111) Compute AL,

The yi entry produces the following results:
N

¥
(1) Porm the vector y =
N

};:"1' ¥y

N
ZI:: (xi')M y:




o o

'(ii) Compute the vector b = A'ly -

| o 2PRSY

Notes:
(1) J271, J272, J175, and J276 (or J174) are slaves to J277

and hence must be assigned iocations prior to the loading of J277.

Further, J273, in addition to J277 and the interpreter, are slaves to _

J281 and must be assigned locations prior to the loading of J281.
(2) PFor a 13X halt which occurs in J277 see the J277 writeup.
(3) See the J282 writeup for some timing and accuracy samples.

J281 Storage

Region A (eraseable) : AOOO - 4N + A283
Program : 153 words (J281E001 - J281El53)

Total Storage Including Slaves - Interpreter Excepted

Region A ¢ AO00 - 4N + A283
Program : 510 words

Lattice Diagram Describing Master-Slave Relations

J271 J216 _(J174)
Y - J175

John Derr



J282F Ordinary Least Squares -- Floating Point System

J282F 18 an absolute binary assembly of J281E together with
J175E, J271E - J273E, J275E - J277E and & program which loads,
computes and prints in a manner to be descrlbed. To use J282F form

a deck consisting of

(1) one blank card
(11)  J140A
(111) J135A ,
(iv) J239F
(v) J282F
(vi)  data

(vii) 2 blank cards.

Header Card Format - 013 style input:

pos (1) , ID
pos (2) s blank or +
' - EXP blank or zero
MANTISSA M
pos (3) 8 {+ if x, cards follow
- if vy cards follow
EXP "blank or zero
MANTISSA N
pos (&) f{<o0 if printing of x,, ¥y, ¥y*(x,),r,, and
' is to be suppressed.
20 otherwlise

pos (4) 1s examined only if the sign position (3) 1s — .

Data Card Format

If the sign of position (3) of a header card 1s + , then the N
values of x, will be loaded 6/b#rd beginning with pos (1) of the
next card. The card containing the Nth x, must have en end of file
mark in col. 80. Upon loading the latter card an x, entry to J281E
occurs. A similar statement holds for loading {yi}rollowiné~the



J282F
D

¥y entry a link to J275E ytelds ab, B1s eees Bye

Ordering of Data Cards

A set of number pairs (xi, yi) is specified by an x; header
card followed by the Xy cards and é ¥y header card followed by the
¥y cards. The Xy cards must precede the vy cards and the values of
M and N on the corresponding header cards must agree. Many sets of

vy cards can follow a set of Xy cards.

Printing
The page 1s ejécted following the reading of each Xy header card.

The printer 1s spaced one line followlng the reading of each vy header
card. In both cases the contents of the first four positlons of the
header card is printed immediately thereafter. Followling the
calculation of 8By 895 eees By the printer is spaced twlce and

8ps 8y, -+, 8y are printed 8/1ine. Then if position (4) of the

vy header card 1s non-negative, t?e program computes Jg% aJ(x.i)J =

y*(xy), y*(%) -y, =71, end ) rje , fori=1, ..., N.

=1
An 1llustrative printing layout follows:

Xq X, x3 Xy x5
ip +00M + 00N + 00 —

one space '
ip +00M —00N + 00—

two spaces
ao a.l aa a3 au oo

two spaces
% oo owx) on r®

s e
LR N 1



Jagvay
..3-

Notes:
(1) N < 54 has been artificially imposed.
(2) In the event of a 13X halt consult the J277E and J281E
| writeups.

Timing and Accuracy:

The Legendre polynomials on [0,1] with N = 21 points, 0 (.05) 1,

were used as test problems.

M Time for Xy entry Time for vy entry Accuracy
1 3 secs. 1 secs. 8.5 SD
2 5" 2 " 8.8 "
3 8 1" 3 1" 7.9 1
4 12 n l" " 5.5 1]
5 17 " 5 n 5.5 n

The above times are exclusive of loading and printing times.
The accuracy refers to the number of correct SD in the least accurate

of the coefficients.

Program Available in style P - 53 cards (J282F001 - J282F053)

John Derr



29 Gelober 1958

*
J283E BACK AND FORTH BLCCK TRANSFER

Let x = (xl,...,xn) and y = (yl,...,yn) be two n-tuples
with real components. Upon entry to J283 the following pair

~of instruction words will be executed for 1 = 1,2,...,n:

J283E020 004 L(x,) 020 L(y,)

J283E021 050 L(x,) 060 L(yy)

i.e. yi-,sL(xi) and x,-» L(yi) 18 performed in the natural order
i1=1,2,...,n. It i1s clear that J283 can be modified tc function as
a standard block transfer routine by deleting the 050 or 060
operation in J283E021.

| The vector x must be placed in H.S.S. as follows:

L(xl), L(x,) = L(x,)) + Dys woes L(xn) = L(xl) + (n-1) Dy »

where &, 1s - integer and IAXI < 377g. A similar statement
holds for y.

Calling Sequence:

a 020 a 010 B (Link to J283)
atl 7,00 n la | L(xl)
a+2 0,00 IAyI L(yy)

In the above

la ] if o =0
Ax = and similarly for y.

‘|Ax| if oy = 1

Storage
Region A: 5 words, AQO - A4
Symbole Code: 28 words, J283E0Q1 - J283E028

¥ ' :
J283 differs functionally from J175 only in the calling sequence.

John Derr



29 October 1958

J284E LEGENDRE POLYNOMIAL EVALUATION - FLOATING POINT SYSTEM

The program computes pk(x) for. k = 2,3,...,M < 15,
where po(x) =1, pl(x) = x, and

2n+l n .
pn+l(x) = 1 X P, (%) - =1 pn—l(h) for n 2> 1.

Prior to entering the program by basic linkage the user must
place 1 in Al2 and x in Al3 and A35, both numbers being 1in floating

- *
point form. In addition, M+l (scaled 2 39) must be placed in A32.
Upon exit from the program Al2+k will contain pk(x) for

k=0,1,...,M. It is clear that these cells will contain

y-pk(x) if Al2 and Al3 contain y and yx, respectively.

Calling Sequence:

o 020 a 010 J284E001

a+l Control returns here

The program makes references only to the interpreter of the
floating point system and to that as region F. The user must

cause FOOO to coincide with the first word of the interpreter.

‘Storage: N
Region A: A8, A9, Al2 - A27, A31, A32, and A35
Program: 24 words (J284EQ01 - J2B84EO02Y4).

- A
Upon exit from J285, A32 will already contain M+l.

John Derr



29 Uctober 1953
J285E LEGENDRE POLYNOMIAL APPROXIMATION -- FLOATING POINT SYSTEM

The program computes the least squares approximation to a
set of data with respect to the Legendre polynomials. The data
consist of number pairs (xi, yi) for 1 = 1,2,...,N which
determine a relation (x,y). The program approximates (x,y)

by a polynomial
M _ M ;
p(x)’z‘j= bJ pJ(X) = %= aJ X ’
N
where X = (x-m)/(m?x ]xi~m|), 1 <M< min (15, N-1), m = x,/N ,
po(x) =1 |, pl(x) = x, and
2n+l

Ppi1 (X) = S57 % pu(x) - E%T Py.1 (%)

forn > 1. The {pk} satisfy

1l
| 23 mtm) = 5 ()

Calling Sequence (x1 entry):

a 020 a 010 A J285E001
at+l M N By L(xl)
a+2 Error Return (13X in J277)

at3 Controlvreturns here

Calling Sequence (yi entry):

a 020 o 010 J285E105

atl L(b,) 4, L(y,)

a+2 Control returns here



Application: The employment of a double entry i1s motivated by the

case where many sets of zyi§ correspond to one set of zxiz .
The location of the gxi} and ﬁyiz are equally spaced; i.e.
L(xi+l) = L(xi) + A, for 1 <1 <N-1, where 4, > 0, and

similarly for the {yif and Ay. An x entry followed by a

i .
Yy entry yields b bl’ coey bM' Following an Xy entry m will be
in A29 and max |x -m| will be in A30.

i

p(x) can be readily computed by the expression % bJpJ(x)

if the user links successively to J284 and J271. Alternatively,
8,5 85 s+, 8y can be obtained by successive links to J286,

J287, and J275.

Method: The x entry produces the following results:

1
(1) Compute m and max Ixi-ml.

i
(11) Form the normal matrix A with respect to the

{pj(xi)}N, tee. 1f A= (ap), 0 < J,k <M, then
—— — —
Bk = o py(X;) p(x,).
(111) Compute A~L.
The Yy entry produces the following results:

E P, (x )y ~
(1) Form the vector y = 1= ! .
g pM(x vy
(11) ¢ -1 %
) ompute the vector b = A “y = .
b



NOTES :
(L) Je7i, J272, J175, and J276 (or J17hW) are slaves to J277
and hance must be assigned locatlions prior to the loading of J277.
Further, J273, J283, and J284, in addition to J277 and the
interpreter, are slaves to J285 and must be assigned locations
prior to its loading.
(2) The program makes references only to the interpreter
of the.floating point system and to that as region F. The user
must cause FOOO to colncide with the first word of the interpreter.
(3) For a 13X halt which occurs in J277 see the J277 writeup.

(4) See the J288 writeup for some timing and accuracy samples.

J285 Storage:
Region A: AOOO - AO37 + 2(M+1)2
Program: 146 words (J285E001 - J285E146)

Total Storage Including Slaves - Interpreter Excepted
Reglon A: AOOO - AO37 + 2(M+1)° '
Program: 555 words

Lattice Diagram Describing Master - Slave Relations

Jarl Jl75 | JaTe




29 October 1958
J286E LEGENDRE POLYNOMIAL COEFFICIENTS -- FLOATING POINT SYSTEM

An entry to this program will produce the coefficients ka

of the Legendre polynomials P, on [:1,1] for k=0,1,...,M; 1l.e.
o]
Po(x) = 1 = pyy, py(x) = x = p,x° + pyyx, and

2n+l n bl J
| pn+1(X) = 3T X pn(x) - oFT pn_l(x) = §= Pos1, 5% for n > 1.

Calling Sequence:

a 020 a 010 J286E001
a+l | M L(pOO)
a+2 Control returns here

Prior to entering the program the user should clear cells
L(poo) to L(poo) + M(M+1), inclusive, to zero since only the
‘non-zero ka are computed and stored. Upon exit from the program

the ka will be in H.S.S. cells in floating point form as follows:

PM-1,M-1 PM-1,M

Pu, M
The cells corresponding to — and to zepro ka are never read 1lnto

the program. The program makes references only to the interpreter

of theAfloating point system and to that as region F. The user



-2 -

must cause FOOO to coincide with the first word of the interpreter.

Storage:
Region A: 6 words, AO - A5

Program: 62 words (J286E001 - J286E062).

John Derr



11-18-58

J287E . (TRIANGULAR MATRIX) X VECTOR - FLOATING POINT SYSTEM

The program computes for k = 0,1,...,HM,

M

b, =:%;; 8 Ppye

CALLING SEQUENCE :

@ 020 a 010  J28TE0O1
a+l ‘L(bo) A L(ao)
a+2 M L(pgg)

a+3 Control returns here

Here p(aJ+l) = L(aJ) + A, AD>O, L(bd+l) = L(bJ) + 1, and the

Pij must be in consecutive H.S.S. cells as follows:

Poo Po1 Poz o Po,M-1 Po,M
P11 P12 Pyz - e P1,M -
Pm-1,M-1 PM-1,m e - -

pM,M - — oo o -——/

The contents éf those cells corresponding to a "-" are irrelevant.
Although the storage assignment is unugual the set of (ka) do constitute
an upper triangular matrix in which the elements of each row have been
moved to the left until the elements on the principal diagonal are at
the éxtreme left.

The program makes references only to the interpretér of the floatirg

volnt system and to that as regilon F. The user must cause FOO0 to
J



coincide with the first word of the interpreter.
J271E is a slave to the program and is referred to as region W.

The user must cause WOOQ to coincide with J271EQ000.

STORAGE :
Program: 19 words (J287E001 - J287E019).

John Derr



11-18-58

J288F  LEGENDRE POLYNOMIAL APPROXIMATION -~ FLOATING POINT SYSTEM

| This program i3 an absolute binary assembly of J285E
together with J175, J271E - J273E, J275E - J277E, J283E, J284E,
J286E, J287E, and a program which loads, computes and prints in a
manner to be described. To use J288F form a deck consisting of
(1) one blank card |
(11) J1k0A
(111) J1354a
(iv) J239F
(v) J288F
(vi) data
(vii) 2 blank cards ‘
Header Card Format (013 style input):

pos (1) ID

pos (2) 8 blank or +
EXP blank or zero
MANTISSA ﬁ

pos (3) S + if x, cards follow

{- if ¥y cards follow

EXP blank or zero
MANTISSA N

pos (4){< 0 if printing of Xys Yy P(xi): ry, and 2 %? 1s

to be suppressed.

2 0 otherwise.

Position (4) 1is examined only if pos (3) < O.



Data Card Format

If the sign of position (3) of a header card is +, then the
N values of Xy will be loaded 6/card beginning with position (1)
of the next card. The card contalning the Nth X, must have an end
of file mark in column 80. Upon loading the latter an x, entry
to J285E occurs. A similar statement holds for loading yy o Following

the y, entry successive links to J286E, J287TE, and J275E yield

ao’ I.C,aM.‘

Ordering of Data Cards

A}set of data points (xi,yi) is defined by an Xy header
card followed by the Xy cards and a ¥y header card followed by
the Yy cards. The Xy cards must precede the ¥y cards and values
of M and N on the corresponding header cards must agree. Many

gsets of ¥y cards can follow a set of Xy cards.

Printing
The page 1s ejected followling the reading of each Xy header

card. The printer 1s spaced one line following the reading of each
vy header card. In both cases the contents of positions 1-4 of the
header card 18 printed immediately thereafter. Following the
calculation of bo,bl,...,bM the printer 1s spaced twice and
by,bs..,by are printed 8/line. TFollowing the calculation of

8y oo s8y the‘printer 18 spaced twice and By e,y ArE printed

8/line. Then if position (4) of the y; header card is non-negative,

, M _
the program computes p(xi) = % bJpJ(xi)’ p(xi)-y1 = ry, and



1 | | . 1
%:;'rdg, and prints x,, y,, p(x4), r;, and j? rJg for 1=1,...,N.

An 1llustrative printing layout follows:

Xq Xy X3 Xy, %5 ces

ID + OO M + 00 N + 00 —

ID + 00 M - 00N 4+ 00 ~

ao al 8.2 83 a4 o 00
2

X1 ¥y - p(xy) Ty 1, 5

X, Yo p(xe) r, r)“+r,

NOTES :

(1) M < 14 has been artificially imposed. Recall that M < 15
for J285.
(2) 1In the event of a 13x halt consult the J277 and J281

writeups.

Timing and Accuracy

The Legendre polynomials on [0,1] with N=21 points, 0(.05)1,

were used as test problems.

M Xy entry ¥y entry Printing Accuracy
1 5 secs. 2 secs. 7 secs. 8 sh

2 8 n 3 n lo 1t 9 1"

3 1 4 N L;. 1" 12 n 7 . 9"

b 20 " 6 " A 4 8.8"

5 28 " g " 7 " 7.5"



e

The times for the X, entry and A entry are exclusive of loading
time. The printing times cover only the printing of X,, y,, p(xi),

rys and rie. The accuracy refers to the number of correct SD in

the least accurate of the coefficlents.

Program: 66 cards (J288F001 - J288F066) .

John Derr



1-16-59
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J289% ORTHOGONAT, POLYNOMIAL LEAST SQUARES~--FLOATING POINT SYSTEM

Given a set of points xl,...,xN and an integer Mx 21,

the program computes

j for J = 1,...Mx,

(11) pJ(xi)'for 1{1<Nand 0K J<M, and

(1) ¢ for § = 0,1,...,M, and d

(111) (pJ,pJ) for J =’O,l,...,Mx,
N .
where (f,g) =S f(xi)g(xi) for any functions f and g defined
{i=
on {x,}, and the {pJ) are defined by

Polx) = l,pl(x) = X + cy, and for J > 1
pJ+1(x) = (x+cJ)pJ(x) + deJ-l(x)’
and (pJ,pk) =0 1f J ¥ k.

If, 1n addition, a set’ of points ViseeesVy is given, the

program computes ao,al,...,aMy, provided M& < Mx.The{éJZminimize

M M M
Iy - ;%g aJpJIIE = (y - %;g apy ¥ - ?;g a4py), where y(x,)
= yi. '

Calling Sequence (xi entry)

a 020 a 010 J289E001
a+l M, N By L(xl)
a+2 Control returns here

Calling Sequence (y1 entry)




B 020 B 010 J289E095
B+1 My L(ao) By L(yl)
p+2 Control returns here

The above notation is defined by L(xi+l) = L(xi) + By
L(yi+l) = L(yi) + by, and L(aJ+1) = L(aJ) + 1.

Application: The double entry is motivated by the case

where many sets of {yig correspond to one set of fxiz .
Following an Xy entry
(1) ‘(pJ,pJ) will be in A18 + 3§ for J=0,1,...,M,
(11) ey will be in Al9 + 3§ for §=0,1,...,M,
(111) d, will be in A20 + 3J for J=1,...,M, and
(iv) pJ(xi)' will be inBO+ JN+ 1 - 1 for

1<1<N and 0CJ<M, .

A consistent Xy entry must precede the first Yy entry and

My < Mx must always hold. Following a ¥y entry
' M

ly - aJpJIIQ will be in Alk.
J=0 M

Let p(x) =S aJpJ(x). Assuming that a double entry
J=

to J289 has occurred and the iadz{ 503}’ and idJ} are available,
p(x) can be readily computed by linking to J291.
Alternatively, let bo, bl’ ey bMy denote the

M
coefficients of p(x) with respect to the basis .{l,x,...,x y}’

J
i.e. b,x! = a,p,(x).
% J %_ 1y



-3-

Then the {bj} can be obtained by successlve links to J290 and
J292. In case Mx = My, the following sequence of links 1s
permissible. J289 (xi entry), J290, J289 (yi entry), and J292.
The firast two links are performed for Xy entriés and‘the last
two for vy entries. As a result in the case of a many-one

correspondence between the sets (yi} and g?i?’ only one link
to J290 1s required.

An additional flexifility is furnished by a convenient
arrangement for re-entries, whereby gilven a larger value of M
the calculation proceeds from where it left off at the smaller
value of M. A typical application of re-entries 1s the
following: Suppose we are given a set of number pairs, {(xi, yi):

1 = 1,...N}, and €30, and that we seek the smallest M_ such that
M .

My - g;i apslli <€

or we seek the smallest My such that
M +1 M

Iy S agpgll 2 lly - el
An x, (yi) re-entry is effected by
(1) storing M, (M ) in the left address of Al6,
(11) storing o+2 (5+2) in the left address of J289E055, and
(111) transferring control to the left of J289E056 (J289E107)
Re-entrles are governed by the following rulés:
(1) An entry must precede the first corresponding re-entry.
(11) Mx(My) must increase with each xi(yi) re-entry.
(111) With the exception of Al5, Al6, and A20, cells Al2



~4-

- A18 + 3M,, BO - BN(Mx+l) - 1, and those cells occupied by

{ajf should not be read into between entries,.

(1v)

M&'S Mx must be valid where Mx refers to the last

(and largest) value prescribed for an Xy entry or re-entry.

An entry with M‘= Ml followed by re-entries with M = Me,

...’Me’

Ml < M2 <oewo < Me’ requires essentially the same

computing time as a single entry with M = Mé.

Me thod:

The Xy entry produces the following results:

(1)

(11)
(111)
(iv)
(v)
(vi)

(vit)
(viii)
(1x)
(x)
(x1)
(x11)

N
Compute cy = - S .xi)/N}

Set pl(xi) =X, + ¢y fori=1,...,N

Set py(xy) =1 for 1 = 1,...,N, and set § = 1.
Compute IIpJIIQ‘

Exit if § - Mx 2 0; otherwise proceed to the next step.
Compute dy = - ||DJ||2/IIDJ_1l|2f (An x, re-entry
begins here),

Compute {plpj}.'

Compute (plpJ,pJ).

Compute cJ = - (plﬁj,pj)/||PJ||2.

Compute SPlpJ;+ deJ_iE.

compute {py,1} = fogo5} + fprpy + agpyy)-

Increase J by 1, and recycle beginning with step (1v).



The Yy entry produces the following results:
M
(1) set ||y - ;f; apll® = [l¥l|%, and set §-1 = -1.

(11) Compute (y,pJ). (A ¥y, re-entry begins here).
(111) compute a; = (v,p,)/Il pylI 2.
M

(av) meorsase Tly - 3 agpyll® by ay(v.my).

(v) 1Increase j-1 by 1. Exit if (J-l)-My > 0. Otherwise,

recycle beginning with step (11).

Notes:

(1) J271, J272, and J273 are slaves to J289 and hence must
be assigned locations prior to the loading of thils program,

(2) The program makes references only to the interpreter
of the Floating Point System and to that as region F. Region F
must be assigned a locatlion coinciding with the first word of
the interpreter prior to the loading of this program.

(3) lppll? =w

(4) See the J293 write-uplfor some timing and accuracy
samples,

(5) Good results should not be expected unless the number

of distinct x, exceeds Mx'

i
J289 Storage

Region A: AO0O0O0 - A018 + 3M,
Region B: BOOO - BOOO + (M+1)N - 1
Program: 123 words (J289E001 - J289E123)



Total Storage Including Slaves - Interpreter Excepted

Region A (the same)
Region B (the same)

Program: 242 words

Lattice Diagram Describing Master - Slave Relations

JaTl Jara J273

®

J289



12-16-58
J290E ORTHOGONAL POLYNOMIAL COEFFICIENTS--FLOATING POINT SYSTEM

An entry to this program produces the coefficients pkj of
the first M + 1 polynomials pk(x) defined by

0

Polx) = 1 = poys Py(X) = x + ¢y = pyX” + py X, and
n+l

Ppe1(X) = (x4ep) po(x) + 4P, 4 (x) = ;é; pJ,n+li for n > 1.

Calling Sequence:

a 020 a 010 J290E001
a+l b, L(co) L(poo)
a+2 Ad . L(dl) M
a+3 Control returns here

Here, A ne1) = Do) + 8y B(d, ) = L(d)) + 44.

Upon exit from the program the py, will be in the (M+1l)(M+2)/2

» 84 2 0, and Lc

consecutive H.S.3. cells in floating point form as follows:
Poo  Pal v Po,mr Pom

peb! 0 PLgr Pim

» .
L] L
L .

Py-1,M-1  Pum-1,M
Py
The program makes referenoes only fo the interpreter of the

floating point system and to that as region F. The user must cause

FOOO to coincide with the first word of the interpreter.

Storage:
Region At 6 words (AO - A5)

Program : 71 words (J290E001 - J290EQ71)

John Derr



12-22-50

J291E ORTHOGONAL POLYNOMIAL EVALUATION -~ FLOATING POINT SYSTEM

An entry to this program with x 1n the MQ ylelds
M

£(x) = ;;; aJpJ(x), where

po(x) = 1, py(x) = x + ¢y, and forn > 1
Upon exit f(x) will be in A6.

Calling Sequence:

a 020 a 010 J291E001 (enter with x in MQ)
a+l B, L(go) b, L(co)
a+3 Control returns here with f(x) in A6.

Here, A,, 8,, 84 2 0, and L(ad+1)-- 8, + L(aJ), L(c ) = b, + L(cd)’

J+41
and L(dJ+1) -0y + L(dJ)- Only the interpreter of the Floating
Point System 18 required, and it is referred to as region F. The
user must cause FOOO to coincide with the first word of the

iﬁterpreter.

Storage:
Erasabl®  : 7 words (AO-p6)

Program : 38 words (J291E001 - J291E038)



11-19-58

J292E TRIANGULAR MATRIX X VECTOR - FLOATING POINT SYSTEM
The program computes for k = 0,1,...,M,

M

bk"%a‘j Pyy

CALLING SEQUENCE:

a 020 a 010 J292E001

a+l L(bo) by L(ao)
at+2 M . L(poo)
a+3 Control returns here.

nge L(aJ+1) = L(aJ) + 85, B> 0, L(bJ+1) = L(bJ) + 1, and
the py, must be in the consecutive (M+1)(M+2)/2 H.S.S. cells as
follows:
Poo Poi Po2 e Po,M-1  Pom

P11 P12 e P1,M-1 PiM

L ]

Py-1,M-1 PM-1,M

PmM

The {ka} constitute an upper triangular matrix. The storage
assignment 18 compressed so as to eliminate the cells corresponding
to matrix elements below the main diagonal.

The program makes references only to the interpreter of the
floating point system and to that as region F. The user must cause

FOOO to coincide with the first word of the interpreter.
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J271E is a slave to this program and is referred to as region W.

The user must cause WO00 to coincide with J2712000.

STORAGE: 20 words (J292E001 - J292E020) .

John Derr
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J293F ORTHOGONAL POLYNOMIAL LEAST SQUARES--FLOATING POINT SYSTEM

J293F is an absolute binary assembly of J289E together with
J271-3, J290, J292, J240, J242, J244, and a program which loads,
computes and prints 1in a manner to be described. To use J293F
form a deck consisting of : .

(1) one blank card
(11) J140A
(111) J135A
(iv) J293F
(v) data
(vi) 2 blank cards

Header Card Format - 013 Style Input:

pos (1)
pos (2) S + if an entry
- 1f a re-entry
EXP blank or zero
MANTISSA M
pos (3) S {l if x,
- 1f ¥y
EXP blank or zero

MANTISSA N



pos (%) < 0 and pos (3) < O if the printing of x,,

vy» P(xy), 7y, and
zr£2 18 to be suppresséd.

< 0 and pos (3) Z O if the sheet eject pribf
to the printing of the Xy
header card is to be replaced
by skipping 4 lines,

20 otherwlse

Data Card Format

.If pos (2) > O and pos (3) > 0 (pos (3) < O) for a header
card, then N valpes of Xy (yi) will be loaded 6/card beginning
with pos (1) of the next card. The card containing xy (yN) must
have a 12 punch in col. 80. Upon loading the latter card an xi(yi)

entry to J289 occurs with M, (My) = M.

Ordering of Header Cards and Data Cards

A set of number pairs (xi, yi) 1s specified by an x, header
card with pos (2) > O followed by x, data cards and a y, header
card with pos (2) > O followed by y, data cards.. The x, cards
must precede the vy cards. In the case of re-entries no data
cards foilow the corresponding header cards. See the J289
write-up for a discussion of re-entries and a many-one correspondence

between the sets {yi} and {xi}.



Printing

The page 1s ejected (the page 1is spaced four lines)
following the reading of each x, header card if pos (%) > 0 (<0).
The page 1s spaced one line followling the reading of each ¥y
header card. In all cases the contents of pos (1) - (4) of
the header card are printed immediately thereafter,. The page

1s spaced two lines prior to a ¥y entry or re-entry. Following

M
that entry ||y - §j% aJpJ|]2 1s printed in the x, field. Follow-
. J =

ing the calculation of bo, bl’ ...,bM the printer 1is spaced
y

one line and the gbd} are printed 8/line. Then 1if pos (%) > O,

the printer is spaced two lines, and the program computes

M 1
P(Xi) =,%:%:ajpd(xi), ry = p(xi) - ¥y, and E rke, and prints

3
2
Xy, ¥y P(x4), vy, and E; r,

i=1,...,N., An 1llustrative printing layout follows:

in positions xl,...,x5 for

x2 X3 Xu. X

ID + 00 3 + 00 5 + 00 ==

Xy

one. space .
ID + 00 3 -00 5 + 00 =

3 2
”y = % aJpJ”

two spaces

one Bpace



two spaces 1 *2 x3 e x52
X1 1 p(x) = 1
X5 Yo p(x2) T, r12+r22
X3 V3 p(x3) r3. r12+r22+r32
Xy, vy p(xu) r) r12+...+r42
Xg Vs p(xs) Ty r12+...+r52

Notes: (1) M < 25 and N < 90 must hold.

(2) The number of distinct x, should exceed M.

Timing and Accuracy:

(1) The Legendre polynomials on [0,1} with N = 21 points,
O(.05)1 yielded the following information operating in the
Sb mode : |

M Xy entry vy entry compute [bJ} Print Accuracy
1 2 1 1 7 9

2 4 2 1 7 8.8

3 6 3 1 8 7.2

4 8 3 2 8 6.8

5 11 ) 2 9 6.1

The times 1n seconds ‘under Xy entry to print inclusive are
exclusive of loadiﬁg times. The accuracy refers to the number
of correct SD in the least accurate of the coefficlents.

(2) With the duplication of the points O, .05, .5, .95, and 1
(i.e. N = 26), the following results were obtalned assuming

entries with M = 5 have occurred previously:
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M Xy re-entry ¥y re-entry compute {bd} ‘ Print
10 15 3 et
15 15 3 9 18
20 15 3 16 22
25 15 3 25 25

Program: 102 cards (J293F001 - J293F102).
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J294E ORTHOGONAL POLYNOMIAL LEAST SQUARES--EQUALLY SPACED POINTS

Glven a set of points XyseeerXy and an integer Mx >1

N ookl
such that z;: (xi_m ) = 0 for 2k+1 = 1,3,5,...,Mx/(Mx-1),

N
where m = (N xi)/N, the program computes

(1) dy for § =1,...M,
(11) pj(ii) for 1 {1 < Nand 0 J <M, and

(iii) (pj’pj) for § = Ole---,Mx’

N
where (f,g) = E f(fi)g(ii) for any functions f and g defined
i=1

on {351}5 = x-m, and the {pJ} are defined by

po(X) = 1,p,(X) =X
Py (¥) = xpy(x) + aJp (x) for J > 1,

-

M (pypy) =0 1F J £k

If, in addltion, a set of points Yys--4sTy 1s pilven, the

program computes a,, &;,...,8y , provided M < M_. The {éj}

y
ly - S a.p,1I2 o .
minimize - a = - a - a
g;; T=0 ;;;;
where y(fi) = ¥y
Calling Sequence (xi entry)
a 020 a 010 J29UE001
a+1 M, N Dy L(xy)

o+2 Control returns‘here
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Calling Sequence (yi entry)

B 020 B 010 J29%E075
B+1 My, L(a,) By L(y,)
B+2 Control returns here

The above notation is defined by L(x1+l) = L(xi) + By
L(vy,q) = L(y1)+Ay, and L(aj+l) = L(aJ) + 1.

Application: The double entry 1s motivated by the case

where many sets of {yi} correspond to one set of ﬁxi}.
Following an Xy entry
(1) (pJ,pJ) will be in A18 + 3J for Jj=0,1,...,M,
(11) -m will be in Al5.
(111) dJ will be in A20 + 3j for j=1,...,M,., and
(iv) pj(ii) will be in BO + JN + 1 - 1 for

1<1<Nand 0<J <M.

A consistent Xy en@ry must precede the first vy entry and

My < M_ must always hold. Following a vy entry

X
M

Iy - a.p.||° will be in Alk,
Jj=0 J7J M

let p(x) = §%% aJpJ(I). Assuming that a double entry to
J:

J294 has occurred and the {aJ}, §b33, and {dj} are avallable,
p(x) can be readily computed by linking to J296 with X in the MQ.
Alternatively, let b,, b.,...,D denote the
0 1 My M
coefficients of p(x) with respect to the basis {l,x,...,x y},

1.e..§§% beJ =‘§§g ap,(X).



-3-

Then the {bj} can be obtained by successive links to J295, J292,
and J275. In case Mx = My, the following sequence of links is
permissible. J294 (xi entry), J295, J294 (yi entry), J292 and

J275. The first two links are performed for x, entries and

1
the last three for y1 entries. As a result in the case of a
many-one correspondence between the sets {yig and {xig, only

one link to J295 is required.

An additional flexibllity 1is furnished by a convenilent
arrangement for re-entries, whereby given a larger value of M
the calculation proceeds from where it left off at the smaller
value of M, A typical application of re-entries is the
following: Suppose we are given.a set of number pairs, {fxi,yi):

i= 1,...N}, and §>0, and that we seek the smallest My such that
M

lly - gﬁg ajpjllsi,

or we seek the smallest My such that
M +1 M

y
1y =S aggll 2 11y -3 eyl

An x, (yi) re-entry is effected by
(1) storing MX(M&) in the left address of Al6,
(11) storing a+2 (B+2) in the left address of J294E050, and
(111) transferring control to the left of J294E051 (J294E08T)
Re-entries are governed by the followlng rules:
(1) An entry must precede the first corresponding re-entry.
(11) Mx(My) must increase with each xi(yi) re-entry.
(111) With the exception of Al6, and A20, cells Al2
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- A18 + 3M,, BO - BN(MX+1) - 1, and those cells occupied by

la } should not be read into between entries,

J
(1v) My < M, must be valld where M, refers to the last

(and largest) value prescribed for an Xy entry or re-entry.

An entry with M = M1 followed by re-entriles with M = MQ’
""Me’ Ml < M2 <ove K Me’ requires essentlally the same

computing time as a single entry with M = Me'

Method:

The X, entry produces the following results:

(1) Compute - m, = - (§§: xi)/N.

(11) Set pl(xi) =X, for 1 =1,...,N.
et p.(x,) = ori=1,...,N, and se = 1,
(141) Set O( 1) 1 fori =1 N d set J =1
(iv) Compute ||pJ||2.
(v) Exit if J - M_ > O; otherwise proceed to the next step.
x—-

2 2
(vi) Compute dJ = -IIDJ|| /'lpj_ln . (An x4 re-entry

begins here).
(vii) Compute {plpJ}.
(viii) Compu?e (plpj,pJ).
(1x) Compute {p3+1j = (plp‘j + djpj-l}‘
(x) Increase j by 1, and recycle beginning with step (iv).



The ¥y entry produces the followlng results:
M

vy
(1) Sset ||y - %‘_‘:aiju? = |]yll?, and set 3-1 = -1.

(11) Compute (y,pj). (A y, re-entry begins here).

(111) Compute a, = (y,pJ>/leJIIQ.
M

(iv) Decrease ||y - %ﬁ% aJPJII2 by aj(y,pJ).

(v) Increase J-1 by 1, Exit if (3-1)-My > 0. Otherwise,

recycle beginning with step (i1).

Notes:

(1) J271, J272, and J273 are slaves to J294 and hence must
be assigned locations prior to the loading of this program.

(2) The program makes references only to the interpreter
of the Floating Point System and to that as region F. Region F
must be assigned a location coinciding with the first word of
the interpreter prior to the loading of this program.

(3) Ilpgll? |

(M) See the J297 write-up for some timing and accuracy

samples.
(5) Good results should not be expected unless the number

of distinct x, exceeds Mx‘

i

J294 Storage

Region A: AOOO - AO18 + 3M,
Region B: B0O0OO - BOOO + (M+1)N -1
Program: 103 words (J294E001 - J294E103)
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Total Storage Including Slaves - Interpreter Excepted

Region A (the same)
Reglon B (the same)

Program: 222 words

Lattice Diagram Describing Master - Slave Relations

Ja271 ' Ja272 Ja73

J294
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J295E ORTHOGONAL POLYNOMIAL COEFFICIENTS--EQUALLY SPACED POINTS

An entry to this program produces the coefficients ka of

the first M + 1 polynomials pk(x) defined by
0

po(x) =1 = poo: pl(x) =X = ple + pllx’ and
n+1l J
P (%) = xp (x) + ap,_(x) =‘§;g Py X forn21l.
Calling Sequence:
a 020 a 010 J295E001
a+l L(poo)
a+2 Dy L(dl) M
a+3 Control returns here

Here, A4 > O, and L(dn+l

program the p, , will be in the (M+1)(M+2)/2 consecutive H.S.S.
kJ

) = L(dn) + A4q. Upon exit from the

cells in floating point form as follows:

Poo Po1 o Po,mM-1 Py M\\\
\
P11 o Py, mM-1 Pi

. -
.

\ Pyoi,m-1 Pu-1,m

\\ Py

Y /

N\
.Those p for which Jj+k is odd are zero, but zeros are not
kJ

stored by this program in the corresponding cells., A good
procedure is to clear the (M+1)(M+2)/2 cells to zero prior to

each entry to this program with a new value for M.
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The program makes references only to the interpreter of
the floating point system and to that as region F. The user
must cause FOOO to coincide with the first word of the

interpreter.

Storage:

Region A : 4 words (AO-Al, A2,Ak)
Program : 51 words (J295E001 - J295E051 )
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J290E - ORTHOGONAL POLYNOMIAL EVALUATION--EQUALLY SPACED POINTS

An entry to this program with x 1n the MQ ylelds

M
f(x) = E:; aJpJ(x), where
J:

po(x) =1, pl(x) = x, and forn > 1

Popqp(x) = xp (x) +a p _;(x).

Upon exit f£(x) will be in AG6.

\

Calling Sequence:

a 020 a 010 J296E001 (enter with x in MQ
a+l A, L(ao)
a-+2 M Dy L(dl) - Dy
a+3 Control returns here with f(x) in A6.
Here, Ay, A4 2 O, L(aj+l) =B, + L(aj), and L(dJ+1) =Dq + L(dJ).

Only the interpreter of the Floating Point System 18 required,
and it is referred to as region F. The user must cause FOOO to

coincide with the flrst word of the lnterpreter,

Storage :
Erasable : 7 words (AO-AE)

Program : 33 words (J29GE001 - J29GE033)
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J297F ORTHOGONAL POLYNOMIAL LEAST SQUARES--EQUALLY SPACED POINTS

J297F 1is an absolute binary assembly of J294E together
with J271-3, J275, J295, J292, J240, J242, J244, and a program
which loads, computes and prints in a manner to be described.
To use J297F form a deck consisting of

(1) one blank card
(11) J140A
(111) J135A
(1v) J297F
(v) data
(vi) 2 blank cards

Header Card Format - Ol3 Style Input:

pos (1)
pos (2) S g+ if an entry
- 1f a re-entry
EXP blank or zero
MANTISSA M
pos (3) S {+ it x,
- if vy
EXP blank or zero

MANTISSA N



-2

pos (4) < 0 and pos (3) < O if the printing of x,,

vy P(xy), vy, and

ZP12 is to be suppressed.

{ < 0 and pos (3) > O if the sheet eject prior
to the printing of the
Xy header card is to be
replaced by skipping 4

lines.

0 otherwlse

v

Data Card Format

If pos (2) > O and pos (3) > O (pos (3) < O) for a header
card, then N values of X, (yi) will be loaded 6/card beginning
with pos (1) of the next card. The card containing XN (yN) must
have a 12 punch 1n col. 80. Upon loading the latter card an

xi(yi) entry to J294% occurs with M, (My) = M,

Ordering of Header Cards and Data Cards

A set of number palrs (xi, yi) 1s specified by an X, header
card with pos (2) > O followed by x, data cards and a ¥y header
card with pos (2) >0 followed by vy data cards. The Xy cards
must precede the vy cards. In the case of re-entries no data
cards follow the corresponding header cards. See the J2ou
write-up for a discussion of re-entries and a many-one corres-

pondence between the sets {yi}and {xi}.



Printing

The page 1p ejected (the page is spaced four lines)
following the reading of each x, headur card if pos (%) > 0 (<0).
The page 18 spaced one line following the reading of each vy
header card. In all cases the contents of pos (1) - (%) of
the header card are printed 1mmed1ate1y thereafter. The page

1s spaced two lines prior to a y, entry or re-entry. Following

112

is printed in the x, field, Follow-

: M
that entry ||y - g a Py °

ing the calculation of bo, bl’ ""bM the printer 1is spaced
y

one line and the )bJ} are printed 8/line. Then 1if pos (4) > O,

. the printer is spaced two lines, and the program computes
M 1 A
D(Xi) - §. aJpJ(xl), ry = p(xi) - vy, and E_ r, °, and prints
L 2
Xy» Yy» p(x,), ry, and EL r," in positions x),...,xg for
i =1,...,N. An 1llustrative printing layout follows:

xl x2 | x3 xu x
1D + 00 3 + 00 5 + 00 ==

one space .
ID + 00 3 -00 5 + 00 =

2
Iy - Z eyl

1 85

two spaces

one space



two spaces

Notes: (1)

X3 Xu
p(x;) r
p(x,) r,
p(x-3) I'3
p(xu) 1"4
p(x5) r

M < 25 and N < 90 must hold.

.

(2) The number of distinct.xi should exceed M.

Timing and Accuracy:

(1) The Legendre polynomials on [0,1] with N = 21 points,

0(.05)1 yielded the following information operating in the

SD mode :

M x1 entry y1 entry. compute {bJ}
1 2 1 1

2 3 2 1

3 4 3 1

4 5 3 2

5 7 4 2

The times in seconds under x

excluslve of loading times,.

Accuracy

Print

7

7
8
8
9

9

8.6
8.5
8.7
7.5

entry to print inclusive are

The accuracy refers to the number

of correct SD in the least accurate of the coefficients.

(2) With the duplication of the points O,

.05,

.5,

. 95; and 1

(i.e. N = 26), the followling results were obtained assuming

entries with M = 5 have occurred previously:



Program:

b Print
B ring

103 cards (J293F001 - J293F103).

M Xy re-entry vy re-entry compute
10 9 3 I
15 9 3 7
20 9 3 14
25 9 3 21
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J298E* INTEGRATION BY SIMPSON'S RULE WITH PRESCRIBED ERROR--
FLOATING POINT SYSTEM

. J298 computes'/;bf(x)dx, where f (x) is computed by an
auxiliary subroutine written by the programmer. J298 divides
the domain from a to b, a ¢ b, into N intervals of length Ai’
1 =1, 2, ..., N, and computes the area j;(S) for each sub-
interval by Simpson's 5 point formula. The <?i} are chosen
small enough so that the relative error EM in the interval
ay to ay + AM is less than the error prescribed by the pro-

grammer. i.e., so that

(1) f(a) (5)
ﬁ [(5)

i=1

where jg (3) . the area oier the 1™ interval as computed by
_ Simpson 8 3 pt. formula.

/1 (5) = the area over the 1th interval as computed by
Simpson's 5 pt. formula.

and € = the error prescribed by the programmer.

The maximum error possible over the entire interval from a to b

18 N€ max F(x) where F(x) = j;xf(t)dt. The method 1s a modifi-

cation of that described in Scarborough.l

;%carborough Numerical Mathematical Analysis, 3rd edition,
p. 17

J298 is J192 as modified for the revised JOHNNIAC Floating
Point System. .




J298E

Calling sequence:

a 020 Q 010 B
a+l a

a+2 b

o+t

a+5 Control returns here in floating point

a, b, By, and € must be in the floating point data form.

If the starting A 1s not prescribed but is to be determined by
J298, step a+3 must be negative.
The computational procedure 18 as follows:
Define hi = %1. let hi be a temporary value for hi‘
! 1
If step o+3 is minus, make Al = b-a, otherwise make Al the con-
tents of a-3.

If E; > € replace hi by hi/a. Repeat this halving procedure
until either E, < € or hi/a < 10‘” (a1 + Al). In both cases the
last hi i8 used in ?omputing 1(5). In the latter case a row
of 11 nines is printed to indicate that the error criterion was
not met. This process is used for each interval 1 =1, 2, ..., N.

The constant 10-% 18 1ocated 1n the 96th (1ast) word. Thus
the lo“u’(aM+AM) ecriterion can be changed by the programmer to
fit a pérticular problem. If 500 E1 £ €> set hi+1 = th. The
constant 500, located in word 95 can also be changed.

The auxiliary closed subroutine 1s entered by J298, with
x in the floating point AMQ by means of the calling sequence:

020 4 010  I000
v+l Control returns here in floating point

At step y+l £(x) should be located in the AMQ and the floating
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point asystem should be in control, i.e., the exit from the auxi-
liary subroutine must not be made with an 010 (EXL) order.

The final exit from J298 to step a+5 1s made with the float-
ing point system in control.

If cell AO 18 positive, after the computation on the Mth
interval 18 completed, the following line of information will be
printed in the Floating Point print format:

X x2 13 X N

1 %5 ,
ﬁ 1(-5) a Bty — / M (5) &y By
=1

where ay and ay+tiy are the first and last points of the MthiéﬁBJ
interval, 1i.e., a,=a and aN;AN=b. The printer will be spaéed one
line following each such line of printing.

If cell AO 18 negative after the computation on the Mth

interval is completed, there will be no printing. On exit from
3298 ? /1 (5) w111 be 1n cell Bo.
=1

Symbolic code: 96 words
Region A (erasable): 6 words, A0, Al, A4-AT7.

Region B (semi-erasable): 19 words, BO to B18.
Reglon B 1s erasable except for the f(x) routine.

Region F: Interpreter of Floating Point System. The user must
cause FO to coincide with the first word of the
interpreter.

Region I: f(x) routine

Program available as J298E.

Marvin Shapiro
Revised by John Derr
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J301E SQUARE ROOT - JOHNNIAC FLOATING POINT SYSTEM

when used in conjunction with J300E, J301E will execute
the 051 floating point operation as described in the JOHNNIAC
Ploating Point Interpretive System manual .* J300 must be loaded
prior to J30lE, and the first word of J300E must coincide with
FO00.

Program Storage: 27 words (28 style E cards - J301E000\to

J301E027) .
Region E: 13 words, RO00 - EOQl2.

# J301 differs from J245 as followss The operation Yy - 10°
described in step 6 on page 49 is now rounded. Step 7 on page 49
should be changed to read,

7) The remaining steps of this operation are like steps 6-10
for the ADD operation.

John Derr
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J302E  COMPLETE ELLIPTIC INTEG&AL OF FIRST KIND -
FLOATING POINT

2

An entry to this program with 1-k~ in the AMQ will

result in the computation of

/2 -
K(k)-f i , where 0 <k <1.
) 1-—1{2 sin2&

Upon exit from the program K(k) will be in the AMQ.

CALLING SEQUENCE

o 020 ‘o 010  J302E001 (Execute with 1-k°

in AMQ)
a+l Control returns with K(k) in the AMQ.

METHOD: The program approximates K(k) by ..

K¥ (k) = agt 7] [“1+°27I] -{b0+71[b1+b27(]} log 7,

where 7] = 1-k° and

ag = 1.386294% by = .5

o = .1119723 by = .1213478

a, = 0725296 | b, = .0288729 .
ACCURACY : max |K*(k) -K(k)| < .00003" .
— I

'NOTES: This program requires only the interpreter of the
Floating Point System, and it is referred to as region F.

*Reference: Cecil Hastings, Jr., Approximations for Digital
Computers, R-264, 1954, p.l70.
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The'user must cause FOOO to coincide with 1ts first word.
Program Storage: 17 words (J302E001 - J302E01T)
Erasable Storage (Region A): 2 words (A000-A001) .
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J303E COMPLETE ELLIPTIC INTEGRAL OF SECOND KIND -
FLOATING POINT

An entry to this program with 1-k2 in the AMQ will
result in the computation of E(k)-1 for O < k < 1, where

/2
»E(k)-f Vi-k%sin’q d&.
0
Upon exit from the program E(k)-1 will be in the AMQ.

CALLING SEQUENCE:

« 020 a 0l0  J303E001 (Execute with 1-k°

in AMQ)
a+l Control returns here with E(k)-1 in the AMQ

METHOD: The program approximtes E(k)-1 by

E*(k)-1 =7 [ay+N(agtaqn)] -{n[bl+n(b2fb3n)]} log 7
2

where n = ]1-k and |
a, = .HHk7920% by = 249697949
a, = .085099193 by = .08150224
ag = 040905094 by = .01382999 g

* *
ACCURACY: max |E (k) - E(k)| < .0000007.
- k.

NOTES: This program requires only the interpreter of the
Floating Point System, and it is referred to as region F.
The user must cause FOO0 to coincide with its first word.
Program Storage: 18 words (J303E001 - J303E018)
Erasable Storage (region A): 2 words (AOOO-AOOl)

*
Reference: Cecil Hastings, Jr., Approximations for Digital
Computers, R-264%, 1954, p.17%4.
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J304E COMPLETE ELLIPTIC INTEGRAL OF THIRD KIND--FLOATING POINT

An entry to this program with n in A2 and k2 in A3 will

yileld the evaluation of

/2 ap

(1+n sinaP)J 1-k° sin2‘P

7r(n,k) = j

0
where n > -1 and 0 ¢ k < 1., Upon exit from the program

T(n,%) will be in BO.

Calling Sequence:
a 020 a 010 J304E001

a+l Control returns here,

Method: The integral 1is evaluated by linking to J298 with
a =0, b =1.5707963, Al = ,1, and € = 10°6. The quantities

a, b, A,, and € are in J304E003 - J304E006 respectively.

1

Accuracy: The error is bounded by NE€T(n,k) and is generally
much smaller, where N i8 as defined in J298--the number of
intervals A; into which [0,77/2] 1s divided. N increases as
n—> - 1or k —> 1, but for an "average" case Ay 2 .1 for

1 Lo 1, 2,.00,N-1¢

Notes:
(1) 7M(0,x) = K(k)
(2)  7d(-k2,x) = E(k)/(1-k2).

(3) J304 makes references to the interpreter of the



2-25-59
D

Floating Point System as region I and to J298 as region Z.

Hence reglons F and Z must be assigned prior to loading J304.

(4) J304 uses the 051 and 052 floating point operations.
(5) Region I begins at J304E008., See the J298 write-up.
(6) If cell AO is positive printing will occur as des-

cribed in the J298 write-up.
(7) Cells AO and J304E005-6 can be manipulated by the
user within the limitations imposed by J298,

Storage:
Symbolic Code: 18 words; 19 cards--J304E001-J304E019

Region A (erasable): 2 words, A2-A3 for J304;
8 words, AO-A7 including J298.

Region B (semi-erasable): 1 word, BO for J304;
19 words, BO0-Bl8 including J298.

Regilon F: Interpreter of the Floating Point System.

Region I: f(x) auxiliary routine.
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J305E ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS
¢iven & set of points s o o o Xp 8 set of non-negative .
n
points Wy, . . ., Wy satisfying Z w, > 0, and an integer M, > 1,

fhe program computes

(1) ¢y for § =0, 1, ..., M, and dJ for J = 1, oM,
(11) py(x;) for 1 <1 < Nand 0 ¢ J <M, and
(111) (pJ’pJ) for § =0, 1, ..., Mx’

N
where (f,g) = ) Wy f(xi)g(xi) for any functions f and g
. 1=1 . ‘

defined on {xig , and the {p J} are defined by
po(x) = l,pl(x) =X+ ¢y, and for J > 1
Pypa(x) = (xbeylpy(x) + dyp, (%),

and (pj,pk) = 0 if J # k.

If, in addition, a set of points Yyr o o o8 Ty is given, the
program computes Ags 899 o o o , provided M_ < Mx' The{aﬁ minimize

y
M M M
Hy "Z aJpJ”? = (y - Z 84Pys ¥ - Z aJpJ), where y(xi) =Y.
J=0 J=0 J=0 '

Calling Secuence (x, entry)

a 020 a 010 J305E001
a+l M, N i L( Xy )
a+2 A, L(Wl )

o+3 Control returns here
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Calling Sequence (yi entry)

B 020 B 010 J305E105
B+l M, L(ao? A, L(yl)
B+2 Control returns here

The above notation i1s defined by L(xi+1) = L(xl) + Ay,
L(wi+1) = L(wi? + 4, L(yi+1) = L(yi? + Ay’ and L(ad+1? = L(ad? + 1.

Application: The double entry 1s motivated by the case where
many sets of {yi} correspond to one set of zxiﬂ and {"i§ .
Following and Xy entry
(1) (pj,pJ) will be in Al8 + 3J for jJ=0, 1, ..., M,
(11) cJ will be in Al9 '+ 3J'for JcO,l,...,Mx,
(111) dJ will be in A20 + 3j for Jel,...,M,, and
(1v) pJ(xi) will be in BO + (J+1)N + 1 - 1 for

11N and 0 <J S_Mx.
A conslstent Xy entry must precede the first ¥y entry and

My 5~Mx must always hold. Following a vy entry

Iy - N‘E &JpJII’3 will be in All.
§=0

Let p(x) = ajpj(x). Assuming that a double entry

to J305 has occurred and the {aJ§,{63}, and {dj} are available,
p(x) can be readily computed by linking to J291.
Alternatively, let bo, bl’ ceey bMy denote the

coefficlents of p(x) with respect to the basis {i,x,...,xmy E,
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My J My
i.e. E: be - E: aJpJ(x).
=0 J=0

Then the fbj} can be obtalned by successive links to J290 and

J292. 1In case Mx = My‘ the followlng sequence of links is
permissible. J305 (xi entry), J290, J305 (y1 entry), and J292.

The first two links are performed for Xy entries and the last

two for ¥y entries. As a result in the case of a many-one
correspondence between the sets (yig and {xiXL) {wi} , only one link
to J305 1s required.

An additional flexibility is furnished by a convenient
arrangement for re-entries, whereby given a larger value of M
the calculation proceeds from where it left off at the smaller
value of M. A typical application of re-entries is the
following: Suppose we are given the set {wis and a set of
number pairs, {(xi, yi) R 1,...N'}, and £>0, and that we seek
the smallest My such thét

Iy - a;pyll < &,
=0

or we seek the smallest My such that

1 A
J =0

An x (yi) re-entry is effected by

(1) storing Mx(My) in the left address of AlS6,
(11) storing a+2 (é+2) in the left address of J305E064, and
(111) transferring control to the left of J305E065 (J305E125)
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Re-entries are governed by the following rules:
(1) An entry must precede the first corresponding re-entry.
(11) Mx(My) must increase with each xi(yi) re-entry.
(111) With the exception of Al5, A1l6, and A20, cells Al2
- Al18 + Bﬁx’ BO - BN(Mx+2) - 1, and those cells occupied by
gaj} should not be read into between entries.
(1v) M, < M, must be valid where M, refers to the last

(and largest) value prescribed for an Xy entry or re-entry.

An entry with M = M, followed by re-entries with M = M

1l 0

""Me’ Ml < M2 € see £ Me, requires essentially the same
computing time as a single entry with M = Me’

Method
The Xy entry produces the followlng results:

N N
(1) Compute Coy = - ( E: wixi)/( E: wi).
. 1 . T .

(11) Set pl(xi) =X +cyfori=1, ..., N.
(111) set po(xi) =1 for1=1,..., N, and set j = 1.

(iv) Compute {ﬁpj} .

(v) Compute ||pJ||2.

(vi) Exit if § - M, 2 O; otherwise proceed to the next step.
(vii) Compute dy = - l|pJ||2/||PJ_1||2. (An %, re-entry

begins here.)

(viii) Compute {XPJS'

(1x) Compute (pr,pJ).

(x) Compute ¢y = - (pr,DJ)/llpJIIQ-
(x1) compute {xp‘j + djpj-l} .
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(xii? Compute {pd+1} - gcjp” + {pr + deJ-l} .

(x111) 1Increase J by 1, and recycle beginning with step (1v).

The vy entry produces the following results:

(1) Compute {wiyi } .

(11) Set ||y - adea = ||y]|2, and set 3-1 = -1.
' =0
(111) Compute (y,pj). (A y; re-entry begins here.)

(iv) Compute ay = (y,pJ)/IIpJII2 .

(v? Decrease ||y = E: aJpJH2 by aj(y'pj?’
J=0
(vi) Increase j-1 by 1. Exit if (j-—l)-My > 0. Otherwise,
recycle beginning with step (1i1).

Notes

(1) J271, J272, and J273 are slaves to J305 and hence must
be asslgned locations prior to the loading of this program.

(2) The program makes references only to the interpreter
of the ?loating Point System and to that as region F. Region F
must be assigned a location coinciding with the first word of
the interpreter prior to the loading of this program.

N
(3) logll® = ). w
' 1l

(4) See the J306 write-up for some timing and accuracy
samples.
(5) Good results should not be expected unless the number

of distinct Xy exceeds Mx'
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J305 Storage
Reglon A: 4000 - 018 + 3Mx
Region B:  B0OO - BOOO + (M3)N - 1
Program ; 141 words (J305E001 - J305E141)
Total Storage In%luding Slaves - Interpreter Excepted
1
Reglon A (the same)
Reglon B (the same)
Program: 260 words
Lattice Diagram Describing Master-Slave Relations
‘J271 Ja73

(2)J272

J305

John I, Derr
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J306F ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS

J306F 18 an absolute binary assembly of J305E together
with J271-3, J290, J292, J240, J242, J244, and a program which
loads, computes and prints in a manner to be described. To use
J306F form a deck consisting of

(1) one blank card
(11) J140A

(111) J135A
(iv) J306F
(v) data
(vi) 2 Blank cards

Header Card Format - 013 Style Input:

pos (1)
pos (2) S {-+ if an entry
' - 1f a re-entry

EXP blank or zero

MANTISSA M
pos (3) S [+ 1r x,

1- if y,

EXP blank or zero

MANTISSA N
pos (%) < 0 and pos (3) < 0 if the printing of Xy

¥ys P(%), 7y, and I, 2 18 to
be suppressed.

< 0 and pos (3) > O if the sheet eject prior
to the printing of the Xy header

card is to be replaced by skipping
4 lines.

20 otherwise
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pos (5) ( if = 0, proceed as in J293F.
| if 4 O and pos (3) > 0, then following
< the printing of the Xy header card

load {wﬁ, space printer two lines,
and print{wi then proceed as in
\\ J293F.

Data Card Format

If pos (2) > 0 and pos (3) > 0 (pos (3) < 0) for a header
card, then N values of x, (y,) will be loaded 6/card beginning
with pos (1) of the next card; The card contalining Xy (yN) must
have a 12 punch in col. 80. Upon loading the latter card én x4 (yi)
entry to J305 occurs with M/ (My) = M. If pos (2) > 0, pos (3) >0,
and, in addition, pos (5) + 0, then N values of Wy will be loaded

6/card in the same manner,

Ordering of Header Cards and Data Cards

A set of number pairs (xi, yi) is specified by an x, header
card with pos (2) > O followed by ki data cards and & y, header
card with pos (2) > 0 followed by y, data cards. The x, cards
must precode the.y1 cards. If pos (5) & O for an x; header card,
then the w, data cards must be 1nsertéd between the header card and
the Xy data cards. In the case of re-entries no data cards follow
the corresponding header cards. See the J305 writé-up for a dis-

cussion of re-entries and a many-one correspondence between the
sets {yik and {xi}&;{wig.

Printing
The page is ejected (the page 1s spaced four lines) following

the reading of each x, header card if pos (4) > 0 (<0). The page
is spaced one line following the reading of each ¥y header card.

In the case of an Xy (yi) header card the contents of
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pos (1) - (5) -~ pos (1) - (4) -~ of the header card are printed
1mmediate1y thereafter. The page 18 spaced two lines prior to a

vy entry or re-entry. Following that entry

M .
Hy-) e oy |1? 1s printed in the x, field. Following the
=0

caleulation of Bgs Dys eees bMy the printer is spaced one line

and the {bd} are printed 8/line. Then if pos (4) > 0, the printer

is spaced two lines, and the program computes

M i
p(xi) = Z aJpJ(xi)’ I‘ = p(xi) - yi, and Z k ,» and prints
' J=0 ’ k=l
bl
Vs P(x ) and }i r, 2 4n positions oo for
Xy 4 1/ 1; L x]_, » 5

i=1, ..., N. An illustrative printing layout follows:

-~ x]_ x2 X3 xu x5 ® e 0
Ip + 00 3 + 00 5 + 00 — +00 1
two spaces
Wy v, w3 Wy, w5
one space D + 00 3 - 00 5 + 00 ~—

two spaces

one space
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ge! *a *3 Xy *5
two spaces 5
* 91 p(x) 1 ™
%> Yo p(x,) T2 ry® + "22
k) Y3 p(x3) ry r12 + r22 +ry
Xy | Yy p(xu) ry r12 + eeo 41y
x y p(x.) r r2 4 ... 40
5 5 57 5 1 5

Notes: (1) Mg 25, N g 90, and N(M3) < 1952 must hold.
(2) The number of distinct x, should exceed M.

Timing and Accuracy

(1) The Legendre polynomials on [0,1] with N = 21 points,
0(;05)1 ylelded the following information operating in the SD mode:

M x, entry ¥, entry  compute {bJ} Print Accuracy
1 2 1l 1l 7 9

2 5 3 1 7 8.8
3 4 1 8 7.2
L 12 4 2 8 6.8
5 14 5 2 9 6.1

The times in seconds under Xy entry to print inclusive are
exclusive of loading times. The accuracy refers to the number of

correct SD in the least accurate of the coefficiénts.

(2) with the duplication of the points 0, .05, .5, .95, and 1
(1.e. N = 26), the following results were obtained assuming

entries with‘M = 5 have occurred previously:
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J30TA  CLEAR THE DRUM

J507 is & one card self-loading routine which clears the
12,288 words of the Johnniac drum to zeros and effectively presses the
load button by executing the sequence of instructions.
100 0000 101 0000
010 0000
HSS is not cleared.
J307 mey be modified to preset every word on the drum to
any desired bit pattern by punching the 12's row right of J307 with

the pattern.

Note: J307 should be placed ahead of JL4O if 1t is necessary

to have HSS cleared to zero before loading a program deck.

WM A 7{ HSS

M. I. Bernstein
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J308A OCTAL DRUM DUMP

J308 1is a self—loading”r?utine which will print specified portions
of a band on the drum in octal. The printed format is band address followed
by up to 4 drum words. Uncalled words are not printed. Specification
of drum infor.ation is made via a control card which must contein a legitimate
drum control word (see Johnniac manual if in doubt) in the 9's row left.

A control card with 9's row left = 000 0000 000 0000 will terminate
dwnping. |

J308 occuples the first 208 cells of HSS plus the largest block
called from the drum — there is no recovery procedure to restore the lost
portions of memory.

Each specified block starts a new page of printing headed by
the control card information in octal.

The deck is made up as follows:

J308A
control cards
3 blank cards.

It is suggested that J308 not be used as a console routine,

but that the user provide a complete deck with control cards inserted instead

of sending just control cards to the operator, Program available as J308A.

M. I. Bernstein
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J309E CONVERSION FROM GEOGRAPHIC TO UTM COORDINATES

This program converts the latitude and longitude in degrees
and minutes of a point on the earth's surface to the UTM zone
number and the UTM northing and easting in 100 meters., The
point should have a latitude from 20° to 60°, and it must have
a zone number between 10 and 19 inclusive. Any point in the
continental component of the United States containing Los

Angeles satisfles these requirements.‘

Use: Form a deck of cards as follows:
. (1) one blank card
(11) J140A001
(111) 1 X267A001

(1v)| J299F001 - J299F097
(v) X267A002l- X26T7A038
(vi)r~ J309E001 = J309EOTO e;%é o /
(vii)| J2T4EOOL - J2T4E026 |
(vi11)'=J309E071
(1x)| J269E001 - J269E010
(x) - J309E072 -~ J309E140

(x1) Data cards
(x11) Two blank cards.
Hit load.

Data Card Format:

For each point to be converted punch a card as follows:

59 —> columns 10-11, 22-23, 34-35, 46-47
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longitude in degrees —> columns 18-20

longitude in minutes —> columns 31-32

latitude in degrees —> columns 43-4i4

latitude in minutes —> columns 55-56

ID (floating point) —> position 5 of floating
point data form

Print Format:

The sheet 18 ejected prior to printing for the first
point. Following the loading of a data card the information
in positions 1-5 of the input data form is printed in posi-
tions 1-5 of the print format. On the next line, the following
information will be printed:

UTM zone in the two low order digits of the
mantissa in position 1;

UTM northing in the five low order digits of the
mantissa in position 2;

UTM easting ™ in the four low order digits of the
mantissa in position 3;

contents of input position 5 in position 4;
00,000000000 in position 5;
AN in position 6;
Ad in position 7;
Aq in positibn 8.
The sheet is spaced one line following the second line of

printing for a point.

*The easting is augmented by the false easting of 5000,
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Punch Format:

Following the printing of the second line for a point,
the information in positions 1-4 of the second line of
printing 1s punched in positions 1-4 in the floating point

form,

Method:

The method used 18 described in [1]. ‘A USE program
based on the method 1s being submitted in the near future.
See [Z]. Let A denote the longitude in radians and ¢ the
latitude in seconds. Let AN =2, - A &nd Ad = ¢ - $,» where
%o is the longitude for the central meridian of the zone in
question and *o 18 50° or 30° (converted to seconds) depending
on whether ¢ > 40° or § < 40°, respectively.

The zone number is computed as 19 - (A-66)/6. The zone
number is in turn used to pick the corresponding entry in a

table which ylelds lo. Compute

8
Aq = Z Ak'(Ab)k, where

K=l
A, 1s stored in Q000 + k + $, in the program. Next oompute
U k
N+ AE =a + le, + ) ey (aq + 1m)K,
k=l

where a, 1s stored in Uooo + k + ¢° in the progrem, e, = 5000,
N = UTM northing in 100 meters, and E = UTM easting in 100 meters.
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J}lOEe SOLUTION OF A SYSTEM OF ORDINARY DIFFERENTIAL EQUATIONS -
FLOATING POI
J310 solves a set of differential equations with the following
call sequence:
a 020 a 010 B
a+l d
a+2 Return (outside floating point control)
where d is the location of the first word of the auxiliary subroutine.
The following library reglon bases must be designated before
input of this subroutine in the following manner:

Region Origin . Use

D a The numbers in a+i are the variables y, (1=0, ..., n=1).

Originally}the initial values are placed here.
The origins of regions E, F, and G are used as preassigned
parameters by J310.

E b-a The nuubers in b+l are the scaled derivatives,
hy'i, calculated by the auxiliary subroutine and
and b > a+n-l.

F c-b _Locations c+l are used as temporary storage for
this subroutine. These locations must be cleared
to zero before this subroutine is entered for the
first time. ¢ > b4n-1.

G c+n n is the number of differential equations to be solved.

1 This routine is a floating point version of J126. For a description
of the method see the writeup for J126.

2 This program is J220E as modified for the revised Johnniac Floating
Point System.
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Region A (erasable): L words

Symbolic Code: 45 words

Marvin B. Shapiro
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J311E* ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS

Given a set of points Xys eees Xy a set of non-negative
n
points wy, . . ., Wy satisfying EZ: w, >0, and an integer M_> 1,
the program computes 1
(L) ¢

for § =0, 1, ..., M_and d, for J =1, ...M,

J J
(11) pJ(xi) for 1 {1 {Nado0gJ<M, and
- (111) (pJ’pJ) for § =0, 1, ..., MX’
N,
where (f,g) = > Wy f(xi)g(xi) for any functions f and g

i=1
defined on {xi} , and the{{pj} are deflned by

po(x) = l,pl(x) = X + ¢, and for j > 1

pj'fl(X) = (ij)pj(x) + deJ_l(x))
and (pJ’pJ) = 0 1f J ¥ k.

If, in addition, a set of points Yys o o s Yy is given, the

program computes aqs al, o o ey aMy, provided My S_Mx. The (éj}

minimize
M o M iﬁ
- a = - a - a where
|y Zb JpJH (v Z Py Y i)
| j=0- J=0 J=0
Calling Sequence (xi entry)
a 020 a 010 J311E001
a+1 M, N Dy L(x,)
a+2 by L(wl)
a+3 Control returns here

* J311E 1s a corrected verslon of J305 E.
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Calling Sequence (yi entry)
B 020 B 010 J311E106
B+l My L(ao) Ay L(yl)
B+2 Control returns here

The above notation 1s defined by L(x;,4) = L(x) + A,
Lwyyy) = Llwy) + 80 Llyy ) = L(y;) + &y, and L(ay,,) = L(a,) + 1.

Application: The double entry 1s motivated by the case where

many sets of <y&> correspond to one set of <x1> and <wi> .
Following an Xy entry

(1) (py,py) will be in A18 + 3j for 3=0, 1, ..., M,
(11) ¢ will be in A19 + 3] for J=0,1,...,M,,
(111) dJ_will be in A2Q + 33 for Jj=1, .+o)My, and

(iv) pJ(xi) will be in BO + (J+1)N + 1 - 1 for
11N and 0 J M.

A consistent Xy entry must precede the first y1 entry and

My S_Mx must always hold. Following a vy entry

2
Iy - g:o aJpJ|| will be in Allh,
. My
Let p(x) = E: aJpJ(x). Assuming that a double entry
J=0

to J311 has occurred and the <ad>,<cd>, and<d§>are available,
p(x) can be readily computed by linking to J291.

Alternatively, let bo, bl’ coey bM denote the

J M
coefficients of p(x) with respect to the basis <1,x,...,x y } ’
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b M
i.e. gﬁ beJ = ii adpj(x).
3=0 3=0 |
Then the {bJ} can be obtained by successive links to J290 and
J292. 1In case Mx = My, the‘following sequence of links is
permissible. J311 (xi entry), J290, J311E(yi entry), and J292.
The first two links are performed for x4 entries and the last
two for ¥y entries. As a result in the case of a many-one
correspondence between the sets (yig and {xigLJ {wi} , only one link
to J311 1s required.

An additional flexibililty 1s furnished by a convenlent
arrangement for re-entries, whereby glven a larger value of M
the calculation proceeds from where it left off at the smaller
value of M. A typical application of re-entries is the
following: Suppose we are given the set {wig and a set of
number pairs, {(x , yi) o 1,...N‘}, and £>0, and that we seek
the smallest My such that

I

HY" aij” S. E:
=0

or we seek the smallest My such that

1l
”y"‘% aJpJ“ ?_”y' ade'l‘
§=0 =0

An x, (yi) re-entry is effected by

(1) storing Mx(my) in the left address of Al6,
(11) storing o+2 (p+2) in the left address of J311E065, and
(111) transferring control to the left of J311E066,(J311E126)
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Re-entries are governed by the following rules:
(1) An entry must precede the first corresponding re-entry.
(11) Mx(My) must increase with each xi(yi) re-entry.
(111) With the exception of Al5, Al6, and A20, cells Al2
- Al18 + BMX, BO - BN(MX+2) - 1, and those cells occupied by
gLaJ} should not be read into between entries.
(1v) M, < M, must be valld where M, refers to the last

(and largest) value prescribed for an Xy entry or re-entry.

An entry with M = M; followed by re-entries with M = M

1
""Me’ M1 < M2 < see £ Me, requires essentially the same

2!
computing time as a single entry with M = Me'

Method
The Xy entry produces the following results:

N N
(1) Compute cg = - E: wixi)/( }: wi).
4 1 . T

(11) Set pl(xi) = X, + éo for i =1, ..., N.
(111) Set po(xi) =1 for i1 «1,..., N, and set J = 1,
(iv) Compute {ﬁpj} .
(v) Compute ||pJ||2.
(vi) Exit if j - Mx > 0; otherwise proceed to the next step.
(vii) Compute dy = - |lpJII2/l|pJ-1||2. (An x, re-entry
begins here.)

(viii) Compute {xpjg,
(1x) Compute (pr,pJ).

(x) Compute oy = - (xpd.pd)/llpjllg-
(x1) Compute {xpJ + djpj-l} .
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(xii? Compute {le } = SchJﬁ -t-{}cp'j + deJ-l} .

(x111) 1Increase j by 1, and recycle beginning with step (iv).
The vy entry produces the followlng results:

(1) Compute {Wiyi } .

(11)  Set ||y - ajpjeu. lyl]12, and set J-1 = -1.
. =5 |
(211) Compute (y,pd). (A y, re-entry begins here.)

(iv) Compute a, = (y.pj)/llpjlle .

(V? Decrease ”Y - Z aJpJHQ by ad(y:pd?‘
J=0
(vi) 1Increase j-1 by 1. Exit if (.j--l)-My > 0. Otherwise,
recycle beginning with step (1ii).

Notes

(1) J271, J272, and J273 are slaves to J311 and hence must
be aesigned locations. prior to the loading of this program.

(2) The program mékes references only to the interpreter
of the Floating Point System and to that asAregion F. Region F
must be assigned a location coinciding with the first word of

the interpreter prior to the loading 3f this program.
N
2
(3) logll?= 3. w
. 1

(4) See the J312 write-up for some timing and accuracy
samples.

(5) Good results should not be expected unless the number

of distinct Xy exceeds Mx‘
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J305 Storage

Region A:  A00O0 - AO018 + 3M,
Region B:  BOOO - BOOO + (M+3)N - 1

Program : 142 words (J311E001 + J311EL42)

Total Storage Ingluding Slaves - Interpreter Excepted
. .

Reglon A (the same)
Reglon B (the same)

Program: 261 words

Lattice Diagram Describing Master-Slave Reiations

J271 Ja73

J311

John I. Derr
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J312F ORTHOGONAL POLYNOMIAL LEAST SQUARES WITH WEIGHTS ¥

J312F is an absolute binary assembly of J311E together

with J271-3, J290, J292, J240o, J242, J244, and a program which

loads, computes and prints in a manner to be described. To use

J312F form a deck consisting of

(1)
(11)
(111)
(1v)
(v)
(vi)

Header Card Format - 013 Style Input:

one blank card

J140A

- J135A

J312F
data
2 blank cards

pos

pos

pos

(1)
(2) S

EXP
MANTISSA

(3) S

EXP
MANTISSA

+ 1f an entry
- 1f a re-entry

blank or. zero

M

{+ if

Xy

blank or zero

N

(4) ( < 0 and pos (3) € O if the printing of X,

\ >0

{ < 0 and pos (3) >

yy» (%), r;, and ¥r, % 1s to

be suppressed.

0 1f the sheet eject prior

to the printing of the Xy header
card is to be replaced by skipping

l*‘ lineo .

otherwise

* J312F is a corrected version of J306F.
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pos (5) r if = 0, proceed as in J293F.

if 4 0 and pos (3) > O, then following
< the printing of the Xy header card
load wij , space printer two lines,

and prin {wi‘}, then proceed as in

\ J293F.

Data Card Format

If pos (2) > O and pos (3) > O (pos (3) € 0) for a header
card, then N values of x; (yi) will be loaded 6/bérd beginning
with pos (1) of the next card. The card contalning xy (yN) must
have a 12 punch in col. 80. Upon loading the latter card an
Xy (yi) entry to J311 occurs with M (My) = M. If pos (2) » O,
pos (3) > 0, and, in addition, pos (5) ¢ O, then N values of

w, will be loaded 6/card in the same manner.

Ordering of Headef Cards and Data Cards

A set of number pairs (xi, yi) 1s specified by an Xy header
card with pos (2) > 0 followed by Xy data cards and a Yy header
card with pos (2) > O followed by y, data cards. The x; cards
must precede the y, cards. If pos (5) % 0 for an x, header
card, then the wy data cards must be inserted between the header
card and the Xy data cards. In the case of re-entries no data
cacds follow the corresponding header cards. See the J311 write-

up for a discussion of re-entries and a many-one correspondence
between the sets {yi} and{xi} U {wi} .

Printing
The page 1s ejected (the page 1s spaced four lines) following

the reading of each x; header card if pos (%) > 0 (<0). The
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page 1s spaced one llne followlng the reading of each Iy

header card. In the case of an Xy (yi) header card the contents
of pos (1) - (5) -- pos (1) - (4) -- of the header card are
printed immediately thereaftér. The page 1is spaced two lines

prior to a y, entry or re-entry. Following that entry
i

M

[ v - Y a,p, |12 1s printed in the x, field. Following

bM the printer is spaced one line
N
and the«{bj} are printed 8/line. Then if pos (4) > 0, the

the calculation of bo, bl’ voay

printer is spaced two lines, and the program computes

M 1
p(xi) = jz% aJpj(Xi)’ r, = p(xi) - ¥y, and kZﬁ rkg, and prints
1 o )
Xy5 ¥ys p(xy), ry, and g;l - T~ in positlons x;, ..., xg for

1 =1, ..., N. An illustrative printing layout follows:

Xy Xy x3 X), x5 cen

ID + 00 3 + 00 5 4+ 00 — +00 1
two spaces
one space 1 Wa w3 Yy 5

ID + 00 3 - 00 5 4+ 00 —
two spaces

3 2
- a
ly = 5 eyl

one space

aq ay a, a3

two spaces



Xl X2 . X3

Xq ¥y p(xy)
X2 Yo p(x,
X3 V3 p(x3)
Xy Y p(x,)
X5 Y p(xg)

Xy

r

P

r

r

2
3
Ty
‘5

7-31-59
X
52
T
2 2
ry +r;
2 2 2
I’l + I’2 +I‘3
2 c
rl + o +I‘4
I. 2 + * 0o 0 +r2
1 5

Notes: (1) M 25, N < 90, and N(M+3) < 1952 must hold.

(2) The number of distinct Xy gshould exceed M.

Timing and Accuracy

(1) The Legendre polynomials on [0,I] with N = 21 points,

0(.05)1,yielded the following information operating in the SD mode:

M Xy entry ' ¥y entry compute (bj}
1 2 1 1
2 5 3 1
3 8 4 1
b 12 4 2
5 14 5 2

Print

O &© & N =

Accuracy

9
8.8
7.2

6.8
6.1

The times in seconds under Xy entry to print inclusive are

exclusive of loading times. The accuracy refers to the number of

correct SD 1In the least accurate of the coefficlients.

(2) With the duplication of the points 0, .05, .5, .95, and 1

(L.e. N = 26), the following results were obtained assuming

entries with M = 5 have occurred previously:



yi're-entry

J312F

M Xy re-entry
10 18

15 18

20 18

25 18
Program:

John I. Derr

103 cards

= F &= F

7-31-59
-b..
compute bj Print
5 14
9 18
16 22
25 5}

(J312F001 - J312F103).
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J-313A‘ Variable Format Input-Output Package

| J-313A 1is a routine for providing flexible format of card
‘input and card output and makes use of X-267 (JOHNNIAC Style E
Loader) as a self-contained subroutine. It makes use of format
cards to define the fields on the 1npﬁt and output cards.
There are three types of format cards, each format being

ldentifled by the condition of column one as follows:

FORMAT CARD COL. ONE

Read No ldentifying punch
Punch Ty

Blank-out | "o"

_ A field 1s defined by punching a "1" in each column of the
field. The low order position of the field must be underpunched
with a "2" for both punch and read format cards.

It should be noted that field definition does not interfere

with the ldentification used in column one. Following are a few

examples:
READ FORMAT COLS. : 123456 ...
Example I punch: 111
2
Example II punch: 11111
2 2 2
Example III punch: 11
: 2
PUNCH FORMAT
Example IV. punch: 1 111
2 2
L
Example V punch: b 1111
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BLANK-OUT FORMAT COLS.: 123456 ...
Example VI punch: 0
11 1
Example VII punch: 0 11

The programmer writes hls complete program using JOHNNIAC
Style E instructions, some of which will be short calling sequences
to instruct J-313 to read, print, or punch according to the prepared
format cards. (Such a short calling sequence might look like the
following: o~

a ~ 020$ 0010210
a + 1 control returns

The use of such subroutines will be explained later.) His
complete program should be placed between card 122 and 123 of
J-313. Card 122 sets the counter ($) to 2000)8, and card 123 is
a period (.) card (therefore the regular period card should be
omitted), and transfers control to that section of J-313 which will
read the format cards. Format cards (placed in any order) must
follow card 123. The last format card must be followed by a card
containing.an 8-punch in column one. This card causes a transfer
of control to location 2000)8 which 1is the beginning of the progran,
however, if H-1 is on, a 13x stop at NIA = 6504)8 will occur before
this transfer is made. Hit GO to continue. B

The loader routiné contained in J-313 1s stored in the region
0000)8 through 1127)8 making i1t impossible to use this reglon until
after loading is complete. J-313 uses this region and more (up to
1777)8) for the compiling of format card subroutines and the
conversion of input/output data which takes place after loading.
Generally then, 1t 1s necessary that the programmer not attempt

to use portions of memory below 2000)8.
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Flexibility in operatlion of the program ls under control of
the T-switches as follows:

T-1 ON 1) One data card read; one data card
punched

2) Words available for use by the
programmer are from 2000)8 to
6107)g-

OFF 1) Fifty data cards read; fifty data
cards punched.

2) Words available for use by the

programmer are from 2000)8 to

T-2 ON 80-80 printout instead of punching
OFF - - - |

It might be pointed out that when using T-1 off, the routine
is expecting 50 data cards to be avallable for reading and then
after computing on these fifty cards, it will punch 50 cards. If
the punch block of fifty cards is not filled up (such as when there
are 95 data cards), then some action must be taken such as fllling
up the reader with cards of the type which the programmer knows
will eventually cause punching, or to cause dummy numbers to be
generated. For more 1nformation on this point, see the explanation
of the punch format on an X-72 card at the end of this write-up.

J-313 interprets the format cards and from each one compiles
a series of calling sequences into a subroutine. Each card is
numbered sequentially (internally, only) by J-313 beginning with 1;
the number will correspond to the number of the subroutine since
exactly one subroutine is generated for each format card, and it
is generated 1n the order in which 1ts éorresponding format card

is placed in the program deck.
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Placement in the deck, however, in no way governs the order
in which they may be referenced; any format card may be referenced
at will. |

A directory to these subroutines is formed and assigned
region "2. "Z 1" 4is the directory number for the subroutine
corresponding to the first format card, "Z 2" the directory
number for the subroutine corresponding to the second format card,
ete. "2 0" 1s the directory number for the subroutine which causes
a card to be read, and puts the information from the card in
posltion for conversion according to one of the format cards and
corresponding calling sequence in the "2" region to be determined
‘by the programmer.

There are some limitations on the number of format cards,
and since no check is made to determine if available space is
exceeded, some approximate guides are provided here, and generally
must be considered together for each problem in determining if
available space 1s exceeded. If computation indicates the limit
1s being reached the programmer should make some 1ndependent
checks for himself.

1. Number of fields 427

2. Number of format cards 31

3. In addition to these maximum limitations, the words
avallable for the calling sequences compiled as a
result of each format card are from 1000)8 through
1777)8. If a = the number of defined fields on a read
or punch format card, and b = the number of undefined
flelds on a read or punch format card, then the number
of words (x) required by a read or punch format card
would be = a + b + 5,

%. The number of words (y) required by a blank-out format
card is 4.
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The sum of the X's for the read or punch format cards added

to the sum of the Y's for the blank-out format cards must therefore
be less than or equal to 512.

The flelds of the read and punch format cards are also numbered
(internally, only) beginning with 1 for the first field of the first
format card, through "n" for the last field of the last format card.
Blank-out format cards are not included in this numbering.

Thereafter, whénever the subroutine for a read format card
is "fired", the contehts of each field is converted into a binary
integer and placed in memory at "G O + the number of the field.n
For a punch format card, each binary number in memory at "G O + the
number of the field" 1s converted into a decimal integer and placed
in the fleld. Leading zeros are included and all information
previously 1in the field 1s cleared. This process essentially makes
the JOHNNIAC a decimal machine. Ten decimal digits are usually the
maximum for any field. Information in a field containing an
1ll-punch over the low-order digit is converted into a negative
number and, conversely, when a negative number 1s punched out it
contains an ll-punch over the low-order digit. A field containing
a l2-punch over the low-order digit will be converted as a positive
integer; in the absence of either an ll-punch or 12-punch, the
field will be converted as a positive integer.

All punching of cards except the last is echo checked. If
an error is deﬁected, a 13X stop at NIA = 7330)8 will occur with
the error card on top in the punch stacker. This means that the
error indication does not occur until after two more cards have

been punched. To get full echo checking and indication at least
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two blank cards should be punched after the last good card. After
an echo check error stop, hit GO to continue.

The following regions are defined by J-313.

1. @ 0= 0124)4 (Maximum 1s G427 = 0777)g)

The contents of the fields on the format cards are read
into and punched (printed) from this G region.

2. X 0= oooo)8 (Maximum is X 80 = 0120)8)

This X region has a cell for each of the 80 columns (X

16 for column 16) of an input card. A cell in‘this region
will be non-zero if the corresponding column contains
elther an ll-punch or a 12-punch; zero if the corresponding
column does not contain either an ll-punch or a 1l2-punch.
Punching data cards with 11 or 12 punches in particular
columns can give the programmer "flags" in this X region

to enable him to choose in his code the appropriate

format card for reading or punching (see example at end

of write-up where X 72 determines format card).

3. K 0= 7720)8 (Maximum is K 47 = 7777)8)

| The K region is the location of constants used by J-313.
The following are listed for what use they may be to the
programmer:

K 1 000 0001 000 0001
K 14 000 0000 000 0001
K 20 .000 0000 000 0010
K 21 100 0000 000 0000

K 22 O77,7777 777,7777
K 29 000 0001 000 0000

4k, 2 0= 7640)8 (Maximum is 2 31 = 7677)8)

The Z region 1s the directory to the format card
Ssubroutines. The following instruction word will
always cause a card to be read, and prepared for
conversion according to one of the read format
cards:

0204 00102 ©
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5. B 0= 7700)8 (Maximum is B 6 = 7706)8)
(See note below.)

6. C 0= 7710)8 (Maximum is C 6 = 7716)8)
(See note below.)

NOTE: The B and C regions néted above are the regions whére
the Mouse Matrix is located for those who are familiar
with the Mouse Input and Output routines. The instruc-

- tion in the description of the Z reglon above 1s
essentially a calling sequence to the subroutine which
causes a card to be read into Mouse Matrix (J160).

An example:
Suppose that there are five format cards as indicated below:

000000000111111111122222222223333333333u44&444----77g78
1234567890123456789012345678901234567890123456-~-~--67890

/11111 111111111 111 11111111 1111
2 2 2 2 22 2
/1 11111 1111111 111111111 1
2 2 2 2 2 2
/0 1111 11111111111 11 11----1 111
/1111111 11111111 11 1111111111 1111 --11111
2 2 2 2 2 2 2
™ g
M
/0

11111 111 111 111 l--
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The first two cards are read format cards. The third and
fifth are blank-out format cards and the fourth is a punch format
card. Also suppose that if a card contains an ll-punch in
column 72 that it should be converted by using format card 1 and
that if it does not contain an ll-punch in column 72 it should be
converted by using format card 2.
The followlng instruction causes a card to be read:

a 0204 00102 O
a +'1 control returns

The followlng instructions determine whether there 1is an
ll-punch in column 72 and convert it accordingly:

023 X 72 001 @ + 3

Qa
a+1 0208$ 00102 2
a+2 O010a + &4
a+3 020$ 00102 1
a + 4 control returns
If the Z 1 subroutine was fired, fields 1 thru 7 of tbe card

would be converted into binary and‘placed in G 1 thru.G 7
respectively. If the Z 2 subroutine was fired, fields 8 thru
13 of the card would be converted into binary and placed in |
G 8 thru G 13 respectively.

The following two instructions would cause fields 14 thru 20
to be cleared, would cause the numbers in G 14 thru G 20 to be
converted into decimal and placed in the respective filelds, would
cause blanks to be placed in all other columns, and would cause a
card to be punched:

020 i 00102 5 blank-out)

020 00102 4 convert and punch)

a
a + 1
a 4+ 2 control returns

Bill Sibley
Chuck Smith



J315A
7-20-62
i

Rev. 12/11/63

J3154 J*ACASS II (JOHNNIAC ASSEMBLER)

INTRODUCTICHN
Thic write-u, cunvaine the description of a coding
language ror the Johrniac and the associated assembly

ventiong. It is norn dntended to be a aescription of
tre Johnniso o0 an nstruction manual on codlng or

cregramming. For oz description of the Johnniac see

gramming art is capable of generating, it is felt to Le
2 significant improvement over the systems currently
available on the Johnniac.

JTACASS 1is a two pass, load and go "symbolic"
assembler. Brisfly, pass one of the assembly process
reads each block of a program and creates a label table
and stores the lines of code for‘pass two. Pass two,
transforms each line of code from its symbolic form into
absolute binary and stores it on the drum for subsequent
loading and execution. Concurrently, pass two generates
a program listing, displaying on each line the absolute
and symbolic code, and an absolute 8tyle D binary deck of
the block. J'ACASS will produce: 1) a feloadable label

table (see p. 13); 2) an absolute deck for each program
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block in stylie B; 3} a label map for each block; 4) a full
assembly listing; and 5) a J'AM!'D version of any set of
symbolic cards specified {see pg. 15). The assembler will
accept a8 inputs: 1) “symbolic" instructions; 2) J'AM'D
decks (see pg. 15); 2) previously produced label tables (see

{1} above); and 4) absolute binary decks in styles B, D and K.

2igcks and Lsbels

Certain capabllitles have been buili into J'ACASS which
are intended te facilitate the combining of programs. Of
orime importance in this respect 1s the ability to create
program blocks with local labels. One may ignore the block
structuring capabilities of the s8ystem with small, but
posslibly important, penalties.

A block 18 a set of consecutive lines of code, any
line belonging to, at most, one block. A label is an
identifier for a line of code. It provides a means for
referring to the line in en address fileld. (What is
called a "label" here is often called a "symbol" or
"location symbol" in other assemblers.)

A program may be divided into various 8ized, semi-
independent blocks, each block containing one or more
routines or data sets. Each of the blocks 18 of one of
three types depending upon how it 18 related to other
blocks; it may be: 1) always referred to but never
referring; 2) always referring but never referred to;

and 3) referred to and referring. Type (1) blocks are
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typlcally those routines called "closed subroutines" and
data blocks. The type (2) category can be characterized
by the master routine which directs or controls the
activity of a program. Type (3) includes the rest of the
multitude of routines.

Within blocks of type (1) there are two kinds of
labels: those that are used within the block only, and
those that are associated with external reference points
(enabling reference from outside to the routines in the
block). The two kinds of labels are called "local" and
"global." Local labels have significance within a block
only, and global labels have meaning or signifcance be-
yond the boundaries of the block. In type (2) blocks,
then, all labels may be local, and in type (3) there are
both local and global labels.

One may divide the routines of a program into the
three kinds of blocks referred to above. He must then
order the blocks so that any one of them 1s assembled be-
fore it is referred to by another. Generally speaking,
those of type (1) must be assembled first,'those of type
(3) next, and, finally, those of type (2).

One bit of care must be taken in structuring the
routines of a program into blocks of type (2) -- all of
thoée routines whose addresses refer to each other must

appear in the same block, and all of the non-global labels
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in that block must be local to the whole block (not to one
routine) and, therefore, unique. The meaning of this

wlll become clearer after the presentation of the method
by which the assembler actually handles local and global
labels. |

J'ACASS Card Format (See Appendix A for a sample
coding form.)

C,_y Label (Cl designates a comment card if it con-
tains an asterisk).

Cs Global label designator (*).

Cs_g  Left operation.

Cq Listing format control (an asterisk indicates
a new page), and indirect address field for Left
address (indicated by a prime).

010_17 Left address.

019-21 Right operation.

Cop Indirect Address field for Right Address (indi-
cated by a prime).

023_30 Right address.
631_80_Comments

010_30 Data fleld for certaln pseudo-ops.

The Character Set

J'ACASS uses the character set common to all RAND
keypunches. This set consists of the characters: O through
9, A through 8 + - * / $ ="' ., , (). The last eleven
symbols will be called "punctuation marks." Thus we have
ten numerals, twenty-six capital letters, and eleven

punctuation marks.
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Labels

With few exceptions, any line of code may have a
label. A label may be from one to four characters long.
The first character of a label must be a letter or one of
the following six punctuation marks: L, /) =,
Successive characters of a label may be numerals, letters,
or punctuation marks with the exception of "+" and "-".

Global labels are designated by an asterisk in
column 5 of the coding line, no other distinction between

local and global labels is made. When a global label is

used in an address field, the asterisk i1s dropped.

Operations

Numbers appearing in the left and right operation
fields are treated as octal (each digit is taken mod 8).
Zero and blank are interchangeable in the operation fields,
but in no other place.

A complete set of mnemonics (see Appendix B) for
the Johnniac machine instructions are provided. Those
specified in the Johnniac manual are included as a subset
with one exception: the mnemonic for the shift command
O74 is given in the Johnniac manual as SRH; this mnemonic

has been usurped for ahother command, namely 057.

Addresses
Left and right addresses are composed as follows:

1. A blank field which is equivalent to zero.
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2. A string of from one to eight characters, the first
of which 1s an asterisk 1s also equlivalent to zero.

3. A decimal integer (signed or unsigned) taken mod 212,
The absence of a sign is equlvalent to the presence
of a plus sign; a minus sign indicates the 2's com-
plement.

4. An octal integer Esigned or unsigned) written as
follows: a sign (if desired), a left paren, the
digits of the number (each of which is considered
mod 8), and a terminating blank or non-numeral. A
right paren is aesthetically pleasing but not re-
quired.

A label.
6. A label followed by a signed decimal or octal constant.

7. The dollar sign ($), which designates the current value
of the location counter.

8. The dollar slgn followed by a signed decimal or octal
constant, which designates the appropriately incre-~
mented (or decremented) value of the location counter.

No checks are made to determine the appropriateness of
a particular address for the given opération. An address
may begin in any column within the address field and 1s con-

Sldered ended by either a blank or the right 1limit of the field.

Indirect Addresses

The assembler will provide the appropriate indirect ad-
dress flag bit for either address field when it is flagged
with a prime (or single quote mark) in the column between
the op fleld and the address field--column 9 for the left ad-

dress and column 22 for the right address.

Pseudo-~Ops

There are two uses for pseudo-ops. The first is to

specify constants for a routine; the other is to control
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the assembling process. All pseudo-ops must appear in
the left operation field of an instruction.

There are three data speciflers, NUM, DEC, BCI, and
BCT that function as follows:

NUM or DEC are used to indicate that the characters

in the Data Fleld constitute a numeric constant. The con-
stant 1s converted by the assembler into one of three forms:
to fixed point binary, or to floating point decimal compa-
tible with the JOSS programming system, or to octal.

Fixed point conversion occurs when the Data Field con-
tains elther a signed or unsigned integer or a signed or
unsigned mixed number, followed by an appropriate binary
scale. A member of the first type is written as a string
of digits in the Data Field with no imbedded blanks. It
1s converted to a binary integer scaled at B=39. A mixed
number 1s written in the Data Field as a string of digits,
with a decimal point in the appropriate place, followed
immediately by the letter "B" followed by a (signed or
unsigned) decimal integer. Imbedded blanks cause errors.

A positive scale indicates positioning of the number to the
right of the Johnniac sign position. Thus, "132" in the
instruction "DEC 1B2" appears as 001000...0 in the output
program. Improper Sscaling 1in the sense of not allowing a
larée enough number of bits to accommodate the number (re-
sulting in an overflow) causes an error message to be

printed and the result of the "DEC" to be set to O,
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Floatlng decimal numbers may be written in one of two
ways. Any mixed number (that is a string of digits and
one decimal point) without a binary scale specified is con-
verted to floating decimal. Any number followed by a
decimal scale designated by an "E" followed by a signed
or unsigned linteger whose absolute value 1s less than 99
is also converted to floating decimal. Imbedded blanks
cause errors. If the resulfing power of the floating decimal
number 1s outside the range - 99 < P < 99 , the number will
Be set to zero and an error message printed. 1In both cases
the binary representation 1s truncated, not rounded.

Octal is distinguished from decimal by punctuation -
namely, enclosing the number in the data field in paren-
thesis. Each digit within the parenthesis is taken mod 8,
with the excéption of the high order digilt if there are
fourteen digits in the number. Blanks may be included (and
wlll be ignored) in order to separate subfields of an octal
constant. If the constant contains less than fourteen
digits, it will be converted as an integer scaled at 2"39.
A minus sign to the left of the opening parenthesis will
indicate that the 2's compliment of the octal number 1s re-
quired. A |

BCI is used to input binary coded Hollerith characters
as they are converted by J'ACASS (see Appendix C). The
argument to this instruction must be in the first six

columns of the left address field. The characters in these
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columns are converted and the result occupies bits 4
through 39 of a machine word. The first two columns of
the Right Operation Field are taken to form a four bit pre-
fix placed in bits 0-3 of the word. The preflx is formed
by taking the first character mod 2 and appending to it
the second character taken mod 8.

BCT is similar to BCI. It converts the first four
characters of the left address, placing the result in bits
4 through 27 of a machine word. A prefix taken from the
first two columns of the Right Operation Field (in the
Same manner as described for BCI) 1s placed in bits 0-3
of the word. An address from the Right Address Field is
placed in bits 28-39. The right address may contain any
legitimate address combination.

The pseudo-ops which control the assembly function,
and some of the assembly processes, will now be discussed.
SET 1s used to control the value of the location

counter. When this instruction has a label, that label

1s defined to have the value of the location counter prior
to its modification by the SET instruction. The counter

1s set according to the left address of the instruction.

The left address may be any legitimate address; however,
using as the address a yet to be encountered label will
cause the location counter to be set to zero and will create
problems.

The SET 1nstruétion can be used to reserve a block of

storage by designating an increment for the location
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counter 1in the Left Address Field. An instruction to do
this would have the form "L SET $ + n", where "L" 1s any
label and n is an integer of appropriate value.

EQU 1is used to assign a value to a label. The value
to be assigned is designated in the Left Address Field of
the instruction. Any legitimate address may be used. Thus
a label may be assigned the value of (or declared synonymous
with) a constant, another label, etc. If the dollar sign
is used as a part of the address of an EQU instruction, its
value is taken not as that of the location counter where
the EQU appeared, but rather as that which the location
counter will have at the end of the block.

An EQU may have as its address any other label in the
block or any retalned global label, without care as to the
position of occurrence of the label with respect to the EQU.
The exception to this is that forward reference must not be
made To a label defined by an EQU.

END terminates each block of code. When the assembler
enceunters an END, the following sequence of events takes
place; On pass 1 the location counter (which has a value
one greater than i1t had after the previous lihe of code) is
saved; the label table 1s sorted; EQU's are processed and
thelr labels added to the label table; the label table is
seérched for duplicates and if any are found, they are
printed with the error message "AMBIGUOUS LAEBEL"; if label

outbut 1s not suppressed, a label map is printed and the
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global labels contributed to the table by this block are
punched. Control then goes to pass 2.

When the END is agailn encountered on pass 2, the value
of the location counter is compared to the value saved from
pass 1. If they are different, processing stops and the
the message "J'ACASS HAS ERRED" is printed. Otherwise, all
local labels are purged from the label table, all conditions

are set to normal, and reading of the next block begins.

2z2x COntrol Cards

| ##% 1S a specilal pseudo-op used to specify various other
asseﬁgI; control functions. The name of the function ap-
pears 1n the left address and the first five characters of
the name must be as they are given below (everything over
five is for understandability only). This, by the way, is
the only instruction for which the label field is lgnored.
It, therefore, should not have a label that 1s referred to

in the program.

The instructions in this set are divided into two
groups: conditioning and action instructions.

The conditloning instructions are primarlily used to con-
trol the output of the assembler and may appear anywhere
within the block for which they are to have meaning. They
are writﬁen below as they should appear in a program.

Xxx NéLIST instructs the assembler not to produce an
assembly listing; it will not inhibit the printing of error

messages.



J315A
7-20-62

-12-
Rev.12-11-63

X% NQPUNCH inhibits the assembler from punching both
the global labels for the block ahd the absolute style D
binaries.

xxx NOLABELS inhibits the printing of the label map
and the punching of global labels from the block. It is
not redundant if NQLIST has been specified since the label
map is printed independently of the assembly listing.

The instructions which specify actions are of two
kinds, those which act upon the label table and those
which control other activities of the assembler. The
label table instructions must be used with care. They are:

«xs DELETE L, where "L" is a global label left in the
label table from a prior block. "L" must appear in the
rlght address. If there is no label "L" in the label table,
the instruction is ignored. DELETE must appear before any
instructions which have legitimate labels.

»%xx BRASE clears the label table of all global labels
remaining from prior blocks. It should be used with caution,
because 1t is capable of obliterating communication with
prior blocks. Like DELETE, ERASE should occur in the block
prior to any legitimately labeled instruction--in this case
because any labels which appeared ahead of it would also be
wiped out.

*»% SAVE 1s really a conditioning instruction, but
1s cencerned only with the label table. It instructs the
assembler to make a copy of the label table (including local

labels) as it appears just prior to the execution of pass 2
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of the assembler. The last label table saved is avallable
to the programmer at executlon time of his own program.
The table is on the drum at band 1, position 3, from location
1 through n. Band 1, position 3, location O contains n in
both the left and right address fields of the word.

»x%x RESTORE is executed whenever 1t occurs. Tt re-
stores the last saved copy of the label table and wipes out
any existing label table. Note then that a REST¢RE without
a SAVE in a prior block is the same as an ERASE. Also note
that since all labels are saved, that the RESTORE allows
reference to the local labels of the prior block. There
exists some danger of‘creating ambligulties this way - so let
the programmer beware.

The other actlon instructions speclfy specific tasks
for the assembler. |

#¢» LOAD informs the assembler that the immediately fol-
lowling cards are binaries (possibly produced by the assembler)
to be loaded unmodified. Any global labels assoclated with
the deck (produced by the assembler) are added to the label
table. The program deck is in style D binaries. The format
for a binary label card is a negative 9's row left, a blank
9's row right and labels (in BDT internal form) in sucessive
words until either there are no more or the card is full.
Theré may be as many label cards as are needed with a binary
deck. Reading is terminated by a card with a blank 9's row
and control returns to pass 1 of the assembler to EOntinue
reading "symbolic" instructions. The location counter is not

affected by the LOAD instructions.
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xxx LOADB is exactly like LQAD except that the pro-
gram deck 1s assumed to be in style B absolute binaries.
All other things are the same. Style B binaries are
produced by the various versions ol the J100 assembler,
the latest of which is J224.

xxx LOADF is, again, exactly like LOAD, except that
it expects the program deck to be in style F binaries.
Style F binaries are produced by J267.

The above three instructions permit previously
assembled routines to be loaded with a symbolic program.
Unfortunately, the routines are in absolute and cannot
be re-arranged in storage.

%% STQP informs the assembler to terminate activity
now. It causes a program stop with NIA equal to 1751,
In order to complete the'assembly of a block, then, the
ST¢P must occur after the END for the block. Any in-
Structions occurring after the STQP will not be read, and
any instructions in the same block read prior to the
STOP will not be assembled.

Fse g@ carries the same conditions of location as
ST¢P. It tells the assembler to load the assembled pro-
gram (from the drum to core) and execute it beginning
with the left instruction at the location specified by
the right address (which may be any legitimate address).
If any errors have been detected during any part of the’

assembly, the program will not be loaded, the message
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"ERRORS PREVENT EXECUTION" will be printed, and the computer
wlll stop. |

2wz GOGO is the imperative form of GO which says to
ignore any errors and attempt the execution anyway.

#x%x LRANCARD O A produces a binary transfer and com-
patibility wlth all style D loaders containing the instruc-
tlon of the right operation and the address in the right
address (which may be any legitimate address). This in-
struction should normally appear prior to the GO or STOP
but outside the END of the last block.

#%% START and 4., FINISH are in essence a pair of
pseudo-brackets used to surround a block of "symbolic"
code to indicate that all those lines included should be
output as a J'AM'D deck. One should not include any of the
+%x Pseudo-ops or SET instructions with other than addresses
relative to the current value of the location counter ($

T numeric constant).

J'AM'D Decks

The J'AM'D deck produced by the START - FINISH pair
of instructions retains its full "symbolic" flexibility
having as its primary advantage compactness thus saving
card reading time. A J'AM'D deck cannot be modified.

A J'AM'D deck consists of up to three parts; the first

and second parts do not'necessarily appear. Each part is
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preceded by an lidentification card* with the identifier
contained in the 9's row left in the BCD. The first part
(1f present) is the EQU's. The 9's row left contains the
word "EQU's" and the 9 right word contains the count in
both left and right address. Succeeding cards contaln the
EQU's. The next part contains levels; the identification
card contains "LABELS" and a word count and is followed by
a deck of labels contained in the text. The last part
consists‘of the text which was enclosed in the pseudo-
brackets. The ldentifier is "TEXT" without the double
word count. The text 1s punched in BCI with trailing blanks
eliminated from each line but including comments. An ex-
tra word containing all 1's is added at the end of the text
for ldentification. An extra éard 1s punched at the end
with the BCI word "TH'END" and a single word count in 9's
right address.

When a J'AM'D deck is punched, it precedes the label
and s€yle D binary decks punched for the block in which the
request 1s made. Note that more than one J'AM'D deck may
be produced within one block. Also note that‘it is up to
the user to separate out the J'AM'D decks from the label
and style D binary_decks produced from a program before
attemptihg to reload any of the decks.

#»x% READ is the pseudo-op which must precede each

J'AM'D deck when it 1s to be read in place of the symbolic

—
Identification cards are coded with punches in the 9's
row of cols 1,2,3.
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binaries from which it was produced. J'AM'D decks and
symbolic decks may be combined and intermixed--the only
restriction being that each J'AM'D deck be preceded by a
###REBAD card. Remember, there 1s no way to modify a J'AM'D

deck.

Comments

Comments may be appended to a symbolic program in two
ways. First, they may be written in the "Comments" field
to the right of any instruction. Second, they may fill
the entire line, if column 1 contains an asterisk. The
assembler ignores all cards that contain an asterisk in
column 1, and it deletes the comments appearing in column

31 on from the assembly listing.

Assembly Listing Format

When the instruction ,,, NPLIST has not occurred and
the instruction ,,, NOLABELS occurred, the label map 1s not
printed. If a 44, NOPUNCH instruction 1s given, the
listing appears as a continuous block with double spaces
surrounding the instructions SET and END. If binaries are
punched, the assembly listing 1s blocked (separated by
blank lines) according to the instructions punched on each
card.

A given instruction can be made to begin on a new page
by placing an asterisk in column 9 of the card--that is be-
tween the left operation fileld and the left address field.

This does not affect the arrangement of the blnary deck.
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Restrictions and Limitations

1) The number of lines of code contained in a block
may vary from 300 to 2000 depending upon the
density or average line length in six character
groups.

2) No block may generate a label table containing
more than 511 labels, global and local, Including
those retained from prior blocks.

3) No block may contailn more than 100 EQU's.

The assembled program is assumed to be able to reside
in the 4096 word core storage of the Johnniac. No check
is made for the number of lines of code assembled or for
overlapping routines. On the other hand, there 1s no
sacred place in the core storage that the programmer must
reserve unless he plans to load the absolute program with

one of the available loaders, which must have its own aresa

during the loading process.

Error Messages

In every case of an error message the line of code
being processed when the error is discovered is printed

to the left of the message.
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T MANY INSTRUCTIQNS - you have more than 1200
lines of code in the block. The assembler stops
and the stop is not recoverable.

TO¢ MANY LABELS - you have more than 511 labels in
this block (see Restrictions and Limitations). The
assembler stops and the stop is not recoverable.

TOO MANY EQU's - there are more than 100 EQU's in
the block. The assembler stops in an unrecoverable
stop.

TLLEGAL 44, INSTRUCTIQN - the first five non-blank
characters of the left address are not a legitimate
instruction. The instruction is ignored.

UNDEFINED LABEL - the line of code in which either
the left or right address refers to a label which
is not in label table is printed. The appropriate
address is set to O.

AMBIGUOUS LABEL - a label in the table appears more
than once, in the Label Field. The label is printed
wilth its two defined values. If it occurs more than
twice the errors are printed in pairs, each with
this message. No distinction is made between global
and local labels.

IMPROPER LABEL - is caused by an EQU with a blank
label. The assembler stops in an unrecoverable Stop.

NQN-EXISTENT OPERATION - is caused by the misspelling
of a mnemonic op code. The operation is set to zero.

ILLEGAL RIGHT ¢PERATIQN - a pseudo-op has been put in
the right operation field - the operation is set to
zero and the pseudo-op ignored.

POSSIBLE J'AC ERRQR - the assembler has missed the
END instruction during pass 2. The assembler stops
in an unrecoverable stop.

J'ACASS HAS ERRED - is caused by disagreement in the
value of the location counter value at the end of
pass 1 and pass 2 for a block. This is usually
caused by a coding error. The assembler stops in
an unrecoverable stop.
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ERRORS PREVENT EXECUTION - is printed when G is
given and there has been at least one error.

IMPROPER DEC, SET T O - an error in the binary or
decimal scaling on a DEC results in a O result.

#xx FINISH, NO .. START - The pseudo-brackets used
to identify a biock of symbolic code from which
to produce a J'AM'D deck are not properly arranged.
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APPENDIX B JOHNNIAC OP CODE MNEMONICS FUOR J'ACASS
OCTAL MNEMONICS OCTAL MNEMONICS
000 NOP --- 060 STQ
001 TLM TNL TML 061 SNQ
002 TLP TPL 062 SvQ
003 TLO TFL TOL 063 SNV
004 LDQ LMQ LM 064 AQS
005 TRM TNR TMR 065 SQSs
006 TRP TPR 066 AVS
007 TRO TFR TOR 067 SVS
010 TRL TRA 070 ARC SRC
ol1 TiL TL1 071 cLc
012 T2L TL2 072 LRC
013 T3L TL3 . 073 LLC
014 TRR 074 ARH
015 TIR TR1 075 CLH
016 T2R TR2 076 LRH
017 T3R TR3 077 LLH
020 CLA LAC LDA RA 100 SEL
021 CLS RS 101 CPY C
022 CAM RAV 104 DIS
023 CSM CSV RSV 105 HUT
024 ADD A 106 SPA EJ
025 SUB S 107 RCA
026 ADM AV ‘
027 SBM Sv 110 RDD RD
111 WRD WD
030 MPR MR ‘ ~
031 MNR 120 ZAC ZTA
032 MPY M 124 ANA AND PI
033 MPN MN 125 NAN CAA NI
034 MAR MB 126 AVA PMI
035 MNB 127 CAV NMI
036 MPA MA
037 MNA 130 HTL
131 H1L
040 DVS DS 132 H2L
041 DNS 133 H3L
044 DIV D 134 HTR
045 DVN DN _ 135 H1R
- A 136 H2R
050 STO ST 137 H3R
051 SLO SOL
052 SLA SAL 140 WRC
0S3 SLH SHL 141 RDC
054 SBA SAB : 142 WRR
055 SRO SOR ‘ 143 RRA
056 SRA SAR 144 SRM

057 SRH SHR 145 SRN
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Appendix C - Hollerith characters and J'ACASS octal equivalents

Character Octal Character Octal
blank 00
0 60 N 45
1 01 ¢ 46
2 02 P b7
3 03 Q 50
4 o4 R 51
5 05 S 62
6 06 T 63
7 o7 U 6l
8 10 v 65
9 11 W 66
A 21 X 67
B 22 Y 70
¢ 23 p4 71
D 24 + 20
E 25 - 40
F 26 # 54
G 27 / 61
H 30 $ 53
I 31 ! 14
J 4 ( e
K 42 ) 34
L 43 ) 33
M 4y s 73
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