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FILE NO.

05.0.G0C3

“. IsM EMPLOYEE..

ABSTRACT

IbM 162C-EIGENVALUES OF REAL SYMMETRIC MATRICES ON THE 1620 DaTA
PROCESSING SYSTEK sCARDe
AVAILABLE 1ST GUARTER 1902

AUTHUR- NEIL LEWIS
iBs
816 KAPIOLANI BLVC.
HONGLULU 13, HAwAlLL

DIRECT INQUIRIES TO AUTHOR

wiLL SOLVE FOR THE EIGENVALUE> ANL ASSOCIATED ELIGENVECTOR>
OF “A REAL, SYMMETRIC MATRIX TO ORDER 50. FLOATING POINT
ARITHMETIC IS USED FOk Aii CALCULATIONS IN"PHASE 2 AND 3.
NG CTHER SUBROUTINES ARE ULSED IN ANY OF THE THREC PHASES.
20,000 POSITIONS OF CORE STGRAGE ARE UFILIZED BASIC 1620
CARL SYSTEM WiThk DIRECT DIVISION AND INDERECT AUDRESSING.

ThIS PROGRAM AND ITS GGCUMENTATIGN mEKT WRITFEN BY AN
IT wAS DEVE UPEL FUR A SPECIFIC PURPGSE AND
SUBMITTED FOR GENERAL DISTAIBUTICN TO INVERESTEL PARTIES
IN RGPE THAT IT MIGHT PROVE HELPFuL TU OTHER MEMBERS CF
TrZ CATA PROCESSING CCamMuNITY. ThE PKOGRAM AND 1TS
LUCUMENTATIUN ARE ESSENTIAwLY IN THE AUTHORS URIGINAL
FORNM. - IBM SERVES AS THL GISTRIBUTION AGENCY IN

SUPPLYING THIS PRGGRAK. GUESTIONS CONCERNING ThE USE GF

ThE PROGRAM SHOULD BE LIXECTED FC THE AUTHURS ATTENIICN.

PROBLEM DEFINITION

The physical reasons for wishing to solve the eigenvalue problem come
from a wide variety of fields, including vibration analysis, factor analysis
and systems in dynamic equilibrium. Probably the most basic reason comes
from the frequent need to solve a system of n linear differential equations
in n unknowns:

X] = aj3xy * ... + aynX,
xé = 85%X) ... + agx,
x!'l = anlxl + .-t annll)

(1)

If the columm vector { x3 ... . . x; )T is denoted by x, then this can be
written as a ‘single matrix equation
x' = Ax
where A is the n x n coefficient matrix.
: x = Veht

A solution to this equation in the form is sought, where

V is a colum vector. This leads to the equation Vert = pvelt or

( A-AI ) veM = 0. Thus an eigenvalue, together with a corresponding
x = Veht

eigenvector‘ V, yields a solution of the matrix differential

equation.

For an N x N square, symmetrical matrix, A, the problem Eo be solved
is to find a number A and a vector V such that AV = AV. Each A is referred
to as an eigenvalue, characteristic root or latent root of the matrix A, and
eac!_x related N-dimensional vector, V, is called an eigenvector or character-
istic vector corresponding to the eigenvalue. The eigenvectors are mutually
orthogonal, i.e., the inner or scalar product of any two resulting eigen-
vectors equals zero:

(v, vj )=o0.

It can be shown that a solution exists if and only if
DET 'A—u ‘ =0, where I is an N order unit metrix. This relation-
ship results in an N* degree polynomial which has, in general, N real

eigenvalues or roots.

-
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PROELEM DEFINITION CONT.

The Jacobi Method W

C. G. J. Jacobi . has shown a method of reducing a real symmetric
matrix A to diagonsl form by a series of plane rotations. He proved that
the diagonal entries of this reduced matrix are approximately the associated
eigenvalues of A. Further, the off-diagonal elements can be made smaller
than any pre-assigned value, A.

A plane rotation is an orthogonal, unitary matrix of the form

cos 6, .
%') -sin aij

Uss = sin 0y .
1 1 [.5.1 eij

1
1

-— -—

Where 0 1s & function of ayj, 833, 8 ;Of the original metrix A. Note that

Ui} = U}; - If 0 is chosen such that @ = 1/2 Tand (2 8y3/ (855 - 855 ) )
then the element @y reduces to zero upon application of the similarity
transformation 1Us; A 1UT5; end is said to be amnihilsted. Repeated-
operstions of the form WDy Uy A 1u‘§3 c. ku'fJ to

1 ximate
e ey e i e o
than any preassigned value, A, provided k is made large enough.

Jacobi annihilated the largest off-diagonal elements by the method shown
above. The eigenvectors are then found by the matrix product

kUi - - - 1Ugy I vhere k is the nusber of rotations required to form

the eigenvalues, above.

1620 PROGRAM METEOD

The classical Jacobi method requires the evaluation of arctangent and
square root functions. The method also necessitated a complete search of the
matrix to determine the largest off-disgonal element which was then rotated.
In the interest of speed and precision, the following method is employed in
the 1620 program.

The rotation angle, 6, is approximated by:
Tan 6/2 = v ; 7“"13/2(311‘333)'
if the absolute value of vy is less than Tan 22.5°.
If v is greater than or equal to Tan 22.5°, then 45° is used for 6.

If v is less than or equal to -Tan 22.5°, then -45° is used for 6.
The values of Sin § and Cos § which are needed for the rotetion are then: .

2y 1-92
Sin 6 = Cos 0 =
1+y2 1+ 72

vwhich involve only simple arithmetic operstions.

The selection of the elements to be rotated is:

1) During phase 1 a value for A, the precision required, is entered. Later,
all off-diagonal elements will be rotated until they are less than A.
An initial search argument, E , is generated in phase 1 also.

2) During phase 2 all off-diagonal elements greater than E are rotated
until all ag g (i #J ) are less then E, whereupon E is replaced by

E/10 and so on until E is less then A at which time phase 2 terminates.
3) After each rotation, a sense switch is interrogated to determine if

the operator desires the rotation angle to be punched out for kb ter
use in phase 3.




1620 PROGRAM METHOD CONT.

Phase 2 Calculations:
(2) th th
Since only the i and j rows and columns are affected by any one

transformation, the matrix mmltiplications are replaced by the equivelant

calculations and substitutions:

1) ai'J=a“‘(c2_s2)*sc(aJJ-an)
2) aj; =ayy 2+ 85362+ 2a555¢

3) a!
b) By =ajctags
5) ask=‘a‘ﬂk‘c-.aik5

where s = Sin 6 and ¢ = Cos 6 and the primed elemnts replace the
unprimed elements of “the A Matrix.

=aii_52*a‘w02-2ai$sc

k =1,2,3,....,K; but # 1 or j.

Phase 3 Calculations:

Similarly, only the itE and. jtB rows of the matrix used to form the
eigenvectors are affected by a particuler rotation. The,formulas used are:

1) Vi . =V,. c+V, . s

ki ki ~ k
J k =1,2,3,.... ,N.

2) v

Ky kg€ Vks ®

INPUT - OUTPUT AND DATA PREPARATION

With the exception of the matrix size, N and the matrix coordinates I and J,
all data is entered in standard 10-digit normalized floating point form.

First Card (columns 1 - 13}

NRNAAAAAAAAALAE

N N is the matrix size in fixed point and is right justified. K must lie between
2 and 51.

AAAANLAAAAA s the minimum search argument, delte for the desired
precision. For instance, if it was desired that all off-diagonal elements be
reduced to a value of less than .00000001, delta might be chosen as 4210000000.
See Procedural Options, page 16.

Succeeding Cards (colums 1 - 15)'

IIJJAAAAAAAAAA 3 for each element on or above the principal
diagonal.

I I is the row designation and must be less than or equal t6 J J

J J is the column identification and must not be greater than N

AAAAAAAAAAIis the matrix element in normalized floating point formt

(-) A flag is punched over the low order A position for negative values.
Note that flags are not required for field definition. A recommended

sequence for punching is by row, i.e., a;,, 8y, 213 - . 8y, 8p3 ....etc.

Last Card(colum 1)

3 An additional record mark must follow the last record.

If errors are made in the punching of the matrix elements, they need not
be corrected before operating the program. The operator will be given the
opportunity of entering corrected record(s) from the console quring phase 1.
(See "ANY CHANGES," page 9.

Record marks may be duplicated or gang-punched if desired but certain
checking features will be sacrificed.

Output Records

Output cards and typevrlf,er records are automatically prepared. (See
sample problem.)

‘/‘\m\
%




Program "A"

Program "B"

MACHINE REQUIREMENTS

Basic 1620 equipped with 1622 card read-punch.

Basic card 1620 with direct division and indirect
addressing features. Program B requires 6%
less time than Program A for any given problem.

Other features, such as extra memory and additional instructions,
have no effect on program operation.

A paper tape version of Program "A' is currently available from
the 1620 program library.

S=nse Switch 1
Sense Switch 2
Sense Switch 3
Sense Switch 4

PROGRAM OPERATION - GENERAL

1/O Check Switche=ccncracaax STOP

OVERFLOW Check Switch---- STOP

PARITY Check Switch--cceo-o STOP
Rl OFF

Data on Cards Data entered via typewriter
Punch rotation angles Do not punch rotation angles
Data will type out to verify Data will not type out

Error entered from typewriter  Normal
When a typing error occurs:

1) Place sense switch 4 ON

2) Depress RELEASE, START

3) Place sense switch 4 OFF

4) Re-enter record correctly from typewriter.

Clear memory. (31 00003 00002)

Prepare card punch and typewritef forms. All program halts not
accompanied by error typesouts or error indicators are normal.
They are included to allow program or data preparation,

All three phases are loaded by standard SPS methods:

Depress Load Key, then START

The transition between phases, however, is done iu:omatically.

PHASE 1

1) Load program and data cards into 1622 read hopper:

A,
B.
C.
D.
E.
F.

Phase 1 program

Control Record card

Data cards

Trailer card (record mark in column 1)
Phase 2 program

Phase 3 program

2) Depress LOAD

3) When machine halts, depress START

4) Follow instructions typed out on the console typewriter.

-8-




PHASE 1 CONT.

5) Typeouts will occur with the following messages and their

indications:

LABEL TYPED

N=XX

NORMAL ERROR

CORRECTION POSSIBLE

CONTROL RECORD ERROR X Re-enter correct control record
X via typewriter
DELTA=XXXXXXXXXX X
MATRIX TOO LARGE X Re-enter correct control record
MATRIX TOO SMALL X Re-enter correct control record
DATA ERR OR ADDITION X X Enter correct record: IJJAAAAAAAAAAL
record too long by typewriter, depress RELEASE and
record too short then START
I greater than J
J greater than N
record mark missing
13 DUPLICATED X X If in error, correct by 'ANY CHANGES',
below
SINGULARITY POSSIBLE X X None, (All less than . 000001)
MATRIX LOADED X OK if last record is in
ANY CHANGES X X Type YESE or NOi. If YES, eater
any additions or corrections as in
'DATA ERR', above
COUNT WRONG X One or more elements are missing,

enter as in 'DATA ERR', above

6) The program will load into storage exactly N (N+1)/2 records.
Should the data deck contain more than this number, the last
record entered for any I and J will dominate, i.e., will destroy
the earlier record. '

7) The field address of aﬁy diagonal element is given by:
Address= 07248 + 10 I for any {I, I).
The field address of any other element is given by:
Address= 07758 + J(J-3)*5 + 10 I for any A(l, J). (I#J)

8) Program execution time is . 3(NZ/Z) seconds or slightly less
than full read speed. ’

It is important that no changes to 1620 storage addresses above 07000
take place between phases 1 and 2. Phase 2 assumes the existence
of the data matrix and certain other information left in storage by
phase 1.

-9-

9)

1)
2)

3)

4)

2)

3)

4)

PHASE 1 (ONT.

Phase 2 will be automatically loaded when Phase 1 terminates.

PHASE 2
Sense switch 2 on if the eigenvectors are desired.
Depress START.

Program execution time is about . 0052 N3 minutes. If the vectors
are desired, punch time (3.4 milliseconds per rotation) must be
added. The numberg of rotations performed is generally bounded-
by 1.3 N2 and 2 N'zl, depending on the size and conditioning of the
matrix.

If sense switch 2 is on, i.e., the eigenvectors are desired, phase
3 automatically loads into memory, if sense switch 2 is off, the
program terminates and the card reader is unloaded by the
program.

PHASE 3
If the eigenvectors are desired, depress Reader START then START
at the completion of phase 2. Follow instractious typed out on the
console typewriter. Insure that all phase 2 output data cards (in-
cluding the last one) follow phase 5.
A maximum of 32 eigenvectors will be typed out on the first pass.
If N is greater than 32, reload the data cards now in the reader
output hopper and hit START for the remaining N-32 vectors.
Average execution time = . 004N3 minutes.
Since phase 3 is independent of the other two phases, it may be run
at any later time at the user's convenience. To operate phase 3
alone, perform the following operations:
(1) Clear memory (31 00003 00002)
{2) Load phase 3 program in Reader hopper.
(3) Depress LOAD key.

4) When phase 3 loads, depress START.

-10-




PHASE 1 - MATRIX LOAD

Trailer Card

Matrix Data

Contro! Record

Matrix Loader
Phase 1

Messages
_ Errors
Data List

N = Matrix Size

-11-

00402, Start

. Clear Data
PHASE 1 7 Area MATRIX LOAD

Fnitialize
p \Tape
‘Read - N, D
RNCD or
. RNTP

Nerify o 4  Error
. Controt — - ‘Message
Record
OK . Last Record
. % .« ... Read2
Read:
1, 3, ALJ
RNCD or RNTP

,Gut
Error I/n’vahd~ V'Ii?ds't
Message alidity

~Valid

Store ALY

Return
Count +1 —

. Ask
No End Interrogate
operator-End?
End
. Tstend
‘ Count No . Count =
Short N (N+1)/2?
Error ‘¥
es
Message Exit
Instruc-
tions

i’hase 2 Load
and Go

-11,1-




02178 i Euntry

PHASE 2 :umnuse.

EIGENVALUE COMPUTE

‘Set + 45° Yes
: - o | > 41420
 Rotation il '
: LT T {No _
Form: Form: SINCOS
AL AJ, AL} Angle (O)&

AL AJ, ALY

. 7 T _Store
A A
AL _AJ, ALJ ,

) . Rotate .

—+ Rotaf )
';—otate i . iPunch |
[Routm‘ e = 1,3, SIN, COS

L i

. [ S
' Decrement 1 ‘ Increment

Type ~ _ |
“New E <" E (E/10)! pr set
. I Compare

-12.1)-

O O

02178 \  potry

PHASE 3 . Set Pass 1 EIGENVEGCTOR COMPUTE
i Clear
Set I Matrix
',3f8xx3 or »
~ {Readn
v Read N
; . ,"‘i—*LR——“ea(-i " Set
Read Pass 2
1, ], SIN, COS
T Type V. ' Mo cad
. frype vy . No ent
File Yes V1-VN | A@st~_
End | —>V1+V32 or . 7 end N
M -, 'No V33-VN .
i l Lo ‘
1 —_ -Comput .. y "
Form Address: H
V11, V1J, VNI : ~
! f
; o
L=45
S ?
2
. HRDWAY

VKI=VKI'C + VKJ * S
VKJ=VKJ-C - VKI- §

—— ; VKJADD + 24
{VKI or J=/JZ (VKI+VKJ)
‘VKJorl=# Yg(vm-vm)

1

.\ \store
Store
{VKI, VKJ
|
| End.
C K=K+1
Yes yxp-vNI _?_‘9_% K=K+l
~ T, top
S Addresses
T o-13,1-
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PRECISION AND TIMING

For test purposes, two types of matrices are considered. A well behaved
matrix C, and the notoriously ill-conditioned Hilbert matrix, H defined as:

C(LJ)=2D(LJ)-D(LIJ+1)-D(,J-1)
where D is the usual Kronecker delta function, i.e. D (LI} =0; D (I, J) =1
forT#Jand H(LJ)=1/(1+J-1).
The eigenvalues of C are given by . ;=4 sin 2 ((pi *I)/ @2n+2))
i=1,2, .i.000n.
A moderately conditioned matrix, X, was also tried.

Test resuits were:

Precision
Matrix Size C,Hor X Time {No. of Correct Digits)

5 H 65 seconds 4

’6 X 90 seconds 7

7 H 2 minutes 1
10 [+ 5-1/4 minutes 7
10 H 8 minutes (4]
20 C 29 minutes 4
20 C 32 minutes 5
20 C 38 minutes 6

Since the floating point routines do not round after arithmetic operations,
a general deterioration of precision is to be expected in the results of this
program,

Program "B" requires 6% less time than program "A'.

-14-

The reader will notice minor discrepancies between the results of
program A and B. These are due to the computational differences
of the direct divide and programmed divide methods. The results
from program B have proved, in general, to be more accurate.

PROCEDURAL OPTIONS

The procedure of reducing all off-diagonal elements to a machine zero
(delta) raises a problem in the selection of this input variable. If delta
is chosen either too large or too small, precision will be lost. The
effects of incorrectly choosing delta are:

1) Delta too large - a) fast processing speeds
b) moderate to large error in Phase 2
c) modsrate to large error in Phase 3
d) may necessitate a re-run to obtain the
precision required.

2) Delta too small - a) slow processing speeds, particularly
in Phase 3

b) small to moderate truncation errors
in Phase 2

c) moderate to large errors in Phase 3
d) very large errors and floating %%int
overflows if less than about 107°" |

The author has found empirically that the relation
DELTA = MAXIMUM ALJ (I # J) * 10'9)

is very close to an optimum value in terms of precision and speed, with

precision very heavily weighted. Deviations from this value by a factor

of 10 affect the results to a small degree. Increasing delta by a factor

of 10 results in a small time reduction, whereas decreasing delta by

a factor of 10 results in a very small increase in precision.

-15-




1)

2)

3)

REFERENCES

P. White, Eigenvalue and Eigenvector Computations of a
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the Jacobi Method. IBM 650 program library file No. :
5.1.006.

Corbato, IBM SHARE, 704 library program MI HDI1 -
May, 1958,
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THIS IS A COMPLETE RECOR) OF CONSOLE OPERATIONS FOR THE 1620 E1GENVALUE PROGRAM,
TEST MATRIX 3 X 3 — SWITCHES 1, 2 AND 3 ON. BASIC CARD 1620,

310000300002

251 ON-JATA ON CARDS,OFF-DATA ENTRY VIA TYP,
SS2 ON-PUNCH ROTATION ANGLES,OFF-NO PUNCH,
<33 ON-DATA TYPED OUT TO VERIFY,OFF-NO TYPE.
Sk ON-ERROR ENTERED FROM TYP,,OFF-NORMAL.
CLEAR CARD PUNCH AND READY FORMS.

PLEASE LOAD DATA AND HIT START

N= 03 , DELTA = 4110000000

A(01,01) = 5120000000

a(01,02) = §110000000

A{01,03) =

A({02,02) = £120000000

A{02,03) = 5110000000

A(03,03) = 5120000000

HAVE YOU ANY CHANGES,TYPE YES(RCJMK) OR NO(RCOMK)
NO: - , .

£= 5110000000

MATRIX LOAJED-WHEN PHASE 2 LDADS, HIT START

M mm

mmmmnp

5134142151
5058578544
03) = 5119999993

" 80011 ROTATIONS.
MAX IMUM ALJ, (1 NOT = J), = 3981672426

"EIGENVALUES DONE, WHEN PHASE 3 LOADS, HIT START

A(o1} =
A(02) =

LOA:: PHASE 2 OUTPUT HIT START
\‘20!,01) = 0000013
vioz,01) = 5070710712
v(03,01) = 5050000030
v(01,02) = 5050000005
v(o2.02) = 8070710699
v(03,02) = 3050000030
v(01,03) = B070710708
v(02,03) = k362605540
Exnos.oz) = 5070710697

"

=\

=

. MAXIMUM AlJ,(1 NOT = J), =

») o

THIS IS A COMPLETE RECORD OF CONSOLE OPERATIONS FOR THE 1620 EIGENVALUE PROGRAM,
TEST MATRIX 3 X 3 - SWITCHES 1, 2 AND 3 ON, 1620 W/DIVIDE AND INDIRECT AUDRESSHNG,

310000300002 ,
SS1 ON-DATA ON  CARDS,OFF—-DATA ENTRY VIA TYP,
$S2 ON-PUNCH ROTATION ‘ANGLES,OFF~NO PUNCH.
SS3 ON-DATA TYPED OUT TO VERIFY,OFF-NO TYPE.
SSk ON-ERROR ENTERED FROM TYP,,OFF-NORMAL,
CLEAR CARD PUNCH AND READY FORMS, -

PLEASE LOAD DATA AND HIT START

N= 83 , DELTA = 4110000000
A(01,01) 120000000
A({01,02) 110000000
A(01,03)

A$02,02 120000000

02,03 110000000

A(03,03) = 5120000000

HAVE YOU ANY CHANGES,TYPE YES(RCUMK) OR NO(RCDMK)

NOt
E= 5110000000 . )
MATRIX LOADED-WHEN PHASE 2 LOAuS, HIT START

mmmmmmmmmm
L}

h (=]

-— -
Ol

5134142153
5058578477
51199959993

ROTATIONS,

A(01)
A(02)
A{03)

80011

G01183233%
EJGENVALUES DONE, WHEN PHASE 3 LOADS, HIT START

i LOAD PHASE 2 OUTPUT HIT START

v(01,01) = "5050000020
- .v({oz,01) = B§o7071071%
'v(03,01) = E050000035
v(01,02) = B0k9999999
v(0z2,02) = 5070710708
v(03,02) = osooooohg
v(01,03) = Bo7071072
v(02,03) = L279476400
(W03,03)- - 5070710697

; / ' ;g{fr




00402
Cu4v2
Qu4ls

Gub2e,

Qu43s
Lu4sy
00462
00474
0486
U498
0CS1u
ouvs22
00534
CU546
00558
JUS570C
Jus82
00594
G606
00618
00630
G642
UL654%
VL6666
L9678
vu690
0698
uu698
vuT10
cul22
U734
U746
ou7h8
vo773
Lu782
Je 794

Go8ue’

cubls

uLb3u

28642
LuB54
[9-1-1)

00420
~7258
vi419
Ulel7?

YUsl14

ul639

0C000
03223
[FIV]V101¢)
v3313
v0uou
03399
060U
J3489
uuuQu
U3575
ouuoL
c2277
[Fle]10]0)
V0641
ul69E
UCUGO
v3116
U654
00719

v3lleé
L9958
vi3lle
V3117
07247
ur221
g ae
v2e71
v124%
ST2646
L2639
L3lie
L3114
L7237
w31ee

-7258
¢3115%
LU=}
QLOKC
¢lau0
00009
Culu2
00100
uliz
oul00
Qulv2
0C100
0u102
GUl00
u0102
00100
0ulc2
00100
0102
00641
c0o100
ucl02
Gol100
0400
CQEOC

GuS0U
viles
[oyvield]
GL000
03117
¢3117
w102
100
~.1uQ
[Tt
vul00
0g1on
wu Lo
v3i27

=Gyl

PHASE 1

ALL 1620 CARD SYSTEMS

START

TMPSTR

TAPE

SPS LISTING

THIS

DCRG
TFM
TF
Al
BN
TOM
RCTY

WATY
RCTY

WATY
RCTY
WATY
RCTY
WATY
RCTY
WATY
RCTY
WATY
RCTY
H
8Cl
RCTY
RNTY
65C4
3
DORG
RNCD
BNR
5F
CF
TE
TF
RCTY
WATY
WNTY
WNCD
WATY
WHTY
SF
TF
TFEM

IS PHASE
Z

4022
START&E6407
T72584+2ER0
*-Ty1s102
STARTE3920
STARTZ
SWlb1s99s

z .
MESS1Z.

Z
MESS22Z

2
MESS32

2
MESS4Z

Z
MESSS52Z

Z
DATAZ

P4

TEMP» TEMPZ
TAPEss» E
Z
1-12
*-242
TAPE&L122
*-32
I=1ssy
CNTRLRy 161
I=1s9
Tres NEZ
Esl2
NolZ
4
NEGUALLZ
kE-12
E~1s9s PUN
DELTAKZ
J=~12
J=less SET
DELTA»JG82
CUUNT s

1 = MATRIX LOADEKR

2582
2Z

9104

SWITCH 1 OFF2

NTRY VIA TyPZ

KEAD N AND DELTAZ
1Z
SET N FLAGZ

CH N2

JULTA FLAGE

COGNTRGE

ANY 1620

29

~~



CuB78
0089¢C
CL9u2
Go914
00926
00938
0u952
vu958
0u958
00970
ou982
00990
0099¢
01002
O1vle
Glo26
Glu3s
01046
Ul046
01658
01v70
c1082
01094
01106
01118
01130
01142

01154

01166
01178
01186
01186
01198
01210
01221
01222
01234
01246
01254
01254
01266
01278

01290
01302

L1314

81338
01350
01362
01374
01386
01398
01410
01422
01434
01446
01458
01470
01482
01494
01506
01518
01530
01542
01554
U1566
01578

01590 ¢

01602
01614
01626
01638
01650
01662
01674
01686
01698
C1710
01722
01734
01746
61758
[ N
1782
01794
O18ue
01818
0183y
c1838
51638

~1227
LN
ST NIV
02341
0000¢
U311e
VU654

0uGou
G254l
00926

vr227
01046
LEI0u
02441
Lu926

u7247
uT247
UT247
07247
01733
07247
u3lao
01186
[ 1V151¢]
03116
vll42
01198

u3lleé
V1254
0313y

63116
v1639
Gles5v

02050
03120
03118

u3l1é
uT227

vavse

83543
aieae
03128
01398
07247
C0641
G641
00641
00641
00641
00699
uuL9s
Uou9s
01512
=-000¢C
01578
000600
ca721
U3116
v3104
U1596
00000
01626
02190

3104

01118
00000
v2993
C0000C
03093
vl674
c2086
03106
J2142
vooLo
V2663
07238
uo000
00000
03643

JUONO
v1lluo
Lulv2
Juluo
vo102
auvl13d0
Vuuoo

Uolu2
00100
ouoo0

VVo~-3
01360
w102
06100
wu00Go

Jul=-1
01227
00099
000-5
Guo9s
03115
QL0000
0Cl100
00192
QG100
00400
0U000

0U50C
03116
0u000

000G
00001
Guowo

03130
00000
0u000
00000
03119

ci3o0

01200
Q7248
Q1300
03129
03119
Quo~3
03119
00099
000-5
-7758
03117
Ju0Co

0L09%9 .

03115
01200
oul02
QUl00
00100
0u0-1
00099
03129
00300
000~0
000-1
00000
Qulo2
0u100
00102
Guloo
DI
03097

«0000

01200
vul02
00100
00100

VOO0V Go

20500 L3

v3121

voOM5

Chi
dNH
. RCTY
WATY
NERR RCTY
WNTY
-]
DORG
CNTRLR RCTY
WATY

8
DORG
LESS50 CM
BNL
RCTY
WATY
B
OORG
SIZEOK AM
M
TF
MM
TF
TF
LooP TOM
READ 6C1
RCTY
RNTY
BC4
8
. DORG
READ2 "RNCD
BNR
TOM
oC
TDM
TOM
[
DORG
GUT BNR
RCRDOK SF
SF

SF
C

Bb _INLARMZ

STOR1J TF

PATCH1 AM

STORE (€

DIJOBU TF

RETURN At

sWwli B
ASK  RCTY

. BCa

TSTEND CM
BNE
EXIT RCTY
WATY
WNTY
RCTY
RCTY
. WATY
RNCD

5]
DCRG
STORI1 M

Ns50102
LEssS02

Z
BlGz

z

-1z

TMPSTRE242Z

*#-37

Z
ERRORCZ

NERRZ
#=32 .

N#3s1C2
S1ZEOKZ

Z
SMALLZ

NERRZ

%32

Es»19109PLUS 12
EsNeosNENE1D/2Z

EsACZ
E95+109%10/2a%NA%NG1OZ
TSTENDG119AC-19s SET LNO TESTZ
EsZEROZ

INPUTE19099 RECORD MARKHIZ
RtAC22Z

z

INPUT=~132

*=242

#6202

*#-32

INPUT-13s9sREADZ
GUTINPUT~139y FILE TESTZ
INPUTELZ

1e@y¥*Z

INPUT~-13,02
Swl&lele e SWITCH 1 nNOW OI2Z
ASKe s ¢ INGUIREZ

*-32

INLARM» INPUTE1» 9 CHECK RECORDZ
INPUT=949sFLAG AlJZ
INPUT=11999FLAG JZ
INPUT-1390sFLAG 12 1
NeJZ

YREkRMz
STORI1sssDOES INJZ
INPUT=1¢E=199 AlJ VS E .
STOR1J2 ' -
Es INPUT9sATJ INTO & IF HIGHERZ
TEMPJZ

TEMP+349102

TEMPsJooJd%J=30 TU 4 DIGITSZ
TEMPsACss ANALJTZ
TEMPs5+109 5*#TEMP=6 DIGITSZ
AC»077%82
AC=1slvs& 10%12
95999F1ILD NOW 5 DIGITSZ
STOREE69WACHY SET CCMPARLZ
0+2ERO92y OCCUPIED TESTZ2
DlJyoBuUZ

Z
DUP 99 TYPE DUPe ERRORZ
INPUT-132

COUNTs19109 CUUNT=~1Z
*#5180ACZ
O9INPUT9s STORE IF I NOT # U2
RETURNZ ’ -
QUTDUP+0»102
CUUNT»1910s COUNTELZ
LgOPo'oDUMMY - NOPZ

INQUIRZ
Z

ADDsss  YES OR NU ENTERLDSZ
*=242 :
INLARME 36 9ADDESG2

COUNToos COUNT VS NUNE1DZ
CTWRNGZ

13

EEQUALZ

E=92

z

14

[rorers

0000V » s LOAD PHAST 7 L manEwy
00Cl0s 99 EXECITE LCADIRZ

*-32

INPUT-B945+]00 15 A SHMALL2

~.




21850
23104
L1874
1886
©1898

191y’

vl922
V1934
L1946
01958
C1970
v1i982
C1994
020vé
Q2uls
02030
02042
2050
023550
C2u62
02073
02074
02086
02098
0211lu
V2122
02134
02162
02142
2154
c2166
02178
02190

02202 .

02214
02226
02238
02250
02262
02274

02276

0T758
07258
02277
02341
02441
02541
02639
02663
02671
22679
02721
02793
02893
2993
03093
031v4
03105
oué4l
Cv3115
C3117
03119
03129
07227
07237
07247
07248
03129
03195
03143
0Lu99
03197
03223
03313
03399
03489
03575
L3643

Cuhv2

vle98
viwl
u2679%

5 v3lleé

01928
01927
EIVIeIH
«1994
Coulu
02721
v3lle
03104
veole
=000V
vaue?2
0219¢C
V1626

[VISTHIvIV)
03139

1
C3116

02793

00000
03lleé
G2098
V1198

00000
02893
03100
vlésv
03203
03205
03209
03211
v0000
03197
v3l20

00000

1225
50
3

vilol
uvlu? .
Cu100
wvl(C
-7248
13117
L3115
¢1200
bLlue2
0Clu0
0vuloC
000-1
olyzs
v3129
00300
000-0
0Cou0

0cle2
uud00

00l00
00100
00102
uuloo
w400
00000 -

Vo102
00100
00100
06000
03116
03117
03118
03119
00102
00100
00100
v0000

ﬂ?¢

00010
00010

110K

ECESKA

INLAKAM

CTWRNG

oUTDUP

*
ELEMNT
DIAG
DATA
8IG

SMALL

ERRORC
DELTAK
EEQUAL
NEGUAL
11LARM
pup
RCWRNG
NUMBER
INGUIR
ADD
COUNT
RM
TEMP
ZERO

1

J

AlJ

N
DELTA
£

XyZ
INPUT
CARDIN

INSURE
AC

LQUTTYP

MESS1
MESS2
MESS3
MESS4
MESS5
INSTRC

DAC
DAC
DAC
DAC
DEND

riokz - : . N
2 o .

TELae? o LN
INPUT-132 o : AR
*530001A5-109s A%ALLDZ
*651790sy LWALIOFLIALLLO*IZ
0#ZEROs2y  ULLUPIED TLETZ
LULSKAZ
Z
DwPZ
INPUT=13sss GAL RECGRDZ : ' R ..
COUNTs 19102 e C
#5184 110KE 302
09 INPUT2y  STURL AlZ
*6 242
QUTDUP 09102
RETURNZ
*=-32

2z .
INPUTE100 99 INSURANCE RiiZ
19@9%2

INPUT=132

Rcwaucooo BAD REcoauz

XNPUT 13900 CORR&CT KECURDZ
*=241

READ26122

#e37

Z
NUMBERZ
COUNT~4Z
ASKeos ENTER MISSIIG RECURDZ
QUTTYPE6s I~-12
QUTTYPEBs 12
QUTTYPE124J-12
QUTTYPE144J2

4
ouUTTYPZ
INPUT=92

2 .

29

#up2
PHASE 1 CONSTANTS2 -
1225010077582 : -
502104072582
32+PLEASE LOAD DATA AND HIT START @2 '
80 ¢MATRIX TOO LARGEZRE=ENTER CONTROL. RECORD Vll TYPo.l . -
S0sMATRIX TOC SMALLIRE=ENTER CONTROL RECORD VIA TYP.@2 :
499CONTROL RECORD ERRURsKE-ENTER VIA TYPEWRITER NOW®Z
12s » DELTA # @2
4sE¥ @2
4oNK €2
21+SINGULARITY POSSIBLE®Z
3691J DUPLICATEDs KECORD USED WILL BE @2 -
50sDATA ERR OR ADDITIONsINSERT VIA TYPEWRITER NOW @z
50 9COUNT WRONGsYCUR AKSWER MUST BE YES TO QUERY ez
50 sHAVE YOU ANY CHANGESsTYPE YES%RCOMKD OR NOSRCOMKn@Z
4sNOX@Z
52 : _ . — ™

1s0@2

10sTMPSTREL1Z

10+-02 :

22

22

102

2072272

10472372

10072472

19@y72482

»AlJ2

662

1@ INPUTELG2

»992

13+ A%00s008 # @2

459551 ON=DATA ON CARDS»UFF=DATA ENTRY VlA TYP..Z
439552 ON-PUNCH ROTATION ANGLESsOFF=NO PUNCHe®2
459553 ON~DATA TYPED OUT TO VERIFYsOFF=NO TYPE.@Z'
439554 ON-ERROR ENTERED FRUM TYPesOFF=NORMALe®2
349CLEAR CARD PUNCH AND KEADY FOKMSe@Z

44oMATRIX LOADED-WHEN PHASE 2 LOCADS, HIT STARTCZ
START~12¢

-

74



A

02178
02190
022v2
C2214
02226
02238
c2250
02262
02274
02286
02298
02310
c2322
02334
02346
02358

02370 -

02382
02394
02406
C2418
V2430
02442
v24be
02466
G2e78
C2486
02486

02498,

02510
02522
02534
02546
02558
02570

02582
02594
02646

V2618
v263¢
C2642
02654

00401
v6202
05983
05985
02256
V4975
-7751
V4914
04975
vz23zil
02320
06167
62357
U2356
vel7?
G2393
02393
06187
v6197
00469y
Q0445
V0402
02486
06233
06250
G2654

w0099
00469
V0445
00422
CO469
v1l26U
J1422
U096
03014
06250
00469
v1260
vi262
66233
06213

00=~01
-0000
000-1
000~-2
-1751
00001
07240
w1300
00009
=7248
05983
uuooo
-7248
05965
ui000
02256
000-7
0CoVo
06167
~24641
-6197
-6177
0l200
06097
06187
oLovo

06197
-2533
-0099
-0099
-2569
06187
-J099
06240
01300
00099
-2641
ubl97
-t0c?
0uQ99
06177

PHASE 2
BASIC 1620 CARD SYSTEMS

SPS LISTING

# THI & IS PHASE 2 - EIGENVALUES COMPUTE BASIC 1620 2

* 2
ENTRY TDM 40141992
TFM  IKUDA=1,02
START TFM 19s1910» 1#12
., TFM Je2410s JSM2Z
TFM  CMPARE&E6»T7T7519s SET SEARCHZ
1141 TDM  SwWibleles 1 OFF2 N
CMPARE C TT519E~-Te299LESS THAN EZ
BL STEPIssy #¥¥UNO HITZ
HIT TOM SW161+¢9es 1 ON2Z
TFM  LADDG11972484s  SET 1 ADDZ
A 1ADDE10s19s ALl ADDZ
1ADD  TF Alls02 '
TFM  JADDE11,072462
A JADDE10sJry  A%AJJBZ
JADD  TF  AJJeOZ
’ TF #6350 (CMPAREGGL
AM #623+79109 AlJ ADDZ
AIJADD TF AlJs0Z
TF ALATAJsALL2
FS AIMIAJIAJIYY  Al-AJZ

BNZ SKlP2Z
TF NEWALJsZEROZ
T TEMPoAlJZ
] FORMAL1Z
DURG #-32
SKiPZ TF ACsAIMIAVZ
’ FA ACsACey 2%Al=-AURDZ

Fo AlJsAC2

ANGLET € 968 TAN225 40 ALPHA TU TAN 22452
BL  SINCOSsss JUMP IF ALFHA SMALLZ
TD  TEMPsACss ALPHA SIGNZ
FNM  AIMIAJSHALFLZ

TF NEWALJOACsS AlJz
FORMAL TF NewAlloAJIZ

1€




vebob
02678
L2690
272
02714
02726
ve738
02750
02762
027174
v2786
02798
w2810
02822
02834
02846
U2857
V2858
C2870
02882
V2894
02902
G29u2
2914
02926
€2938
02950
02962
02974
02986
02994
02994
J30C6
03014
03014
03026
03v3s8
03050
¢3062
03u74
03086
03098
03110
- 03122
93134

03146
03158
03170
03182
03194

03206

03218
Gaa3u
C3242
03254
03266
03278
03290
03362
03314
03326
U3338
0335y
03362
03374
03386
G3398
C341y
C3422
C3434
03446
Q3458
V3470
03682
J349¢4
C35.6
03518
03530
03542
03554
03566
L3578
C387C
03602
03614
G366
36358
0365¢C
C3662
03674

16

20

Vubey
Q044>
Vo422
u0469
01260
Gl2e62
vb2l3
vb223
00469
00445
L0402
wus6Y
wi4sd
00422
04567
05987

1
v2902
L5986
05247
U4046

ubyBo
05247
v625Uu
ve213
06223
02994
06233
V4046

06233
04046

L6311

0469

uC445
w0422
06301
00469
ul269
01262
V6005
00469
00445

V0422
0625¢C
G469
0126v
vl422
v5995
J6260
VG469
uQ445s
00402
vC469
vl26u
01422
U005
U469
1260
1262
L6321
«63C1
ul469
VU445
0402
V0469
J1260
Gle62
06311
00469
ul26v
vlee2
V6259
vOL99
Gouey
UU445
Uuae02
469
v12€w
01262

2469
ST
Gua02
~6233
“C46Y
Lvlaewe
v1262
w0465

-c1vl
-6213
~6167
-27137
06213
-6087
0L099
06213
-2797
-6213
-6187
-2833

-6223

-6187
00009
00000

06250
19 c]ele}
ocoul
Juovo

vuoug
voeu9

06213

06223
06250
06233
0V000
viL000

000060
(Ve [0 o}

L0099
-3061
-v099
-4099
QU099
-3109
06311
-6311
00099

-3157

=0099

-607%

00099
=3205%
06301
~6250
0u099%
v6e77
=~3265
-6260
-6005%
-3301
C626¢C

-6250

0L099
=3349
06005
-00u5
w09y
Co017
-3407
-6301
-6321
=3445
05995
=-630%
200%9
-3493
C6311
-6l%7
JuC99
06321
~3553
-L0929
-6301
=3589
LvI0Y9
-61b7
~3625
23
-625¢C
0uC¥9
-3613
6311
-6187
~3787%

MINUS

PLUS

SINCOS

AAA

kA
Fia

TF
TF
FS

FA

TF
FM

TF

FA

TF
FM

TF
TF
Fs

Fi

TF
FM

TF
TF
FS

FS

re
Fv

AawdlleAllsy Albndd

NEWATT sHALFZ

NewATTsACey  1/2WATEAJBZ
NEwWAJJINEWATIZ

- NEWATIsAIJZ

NEWAJJsALUZ

SW26149s» SW2 ONZ

J&22

le@y¥Z .

PLUSsTEMP s 15 ALPHA-Z
JE1989112

SW361sls Sw3 OFFZ
STOREZ ‘

#3272

Jols82

SW36199ss  SW3 ONZ
TEMPsNEWATIZ
NEWALIsNEWAJIZ
NEWAJJSTEMPs s SWITCH Al=-AJZ
*G5329NEWATIZ

NEWAIJses INVERT AlJ OIGNZ
STOREZ

*-32 .

NEWAIJZ

STOREZ

G *-3Z ; ' .

SCyACyy GAMMAZ
AC’ACD’ 2 GAMMAZ

52+ACZ
8CSCZ

CUSsACrs GAMMARELZ

ACIONEss 16GAMMAR®2Z

2

" TEMPYACZ

S2»TEMPZ

SIN9yACes SINEZ
TEMP2ONE2Z
TEMPZ29COSys 1=GAMMA##22

TENP2eTEMPZ

~CLSyACZ
COSeCOSZ

C29ACyy  (H¥27

S29CNEss 52bC2#12
$29C29s  #SIN*%22

SINsCUSZ

SCeACZ

SCeALMIAJ s SCBATI-AJInZ

TEMPYACZ
ACyC22
AC9S522

ACyA1J2Z
ACyTEMPZ

REWATJYACZ
SCeAl "2

18

%
"/




N

03686
03698
V3710
03722
03734
03746
3758
¢3770
03782
03794
(3806
03818
C383¢0
03842
03854
V3866
L3878
038990
039v2
03914
03926
Cc3938
L3959
w3962
C3974
03986

c3998,
04010

V4v22
JeU34
C4046
C4u58
04070
04082
04U94
04106
04118
04130
04142
04154
04166
04178
04190

04202

04210

04210
04222
04234
04246
04258
04270
C4282
04294
C4306
04318
04330
04342
S4354
04366
04378
04390
Cu62
C4bla
Ca422
04422
04434
04446
C4458
04470
064482
D64694
04506
04518
C4530
06542
C4554
04566
c4578
04590
0646062
046164
04626

04638,

06650
04662
04674
04686
04698
04710
CuT22

Y]
w422
626wV
LOLEY
slzeu
v1262
+6213
w0469
vl260
L1262
ul4by
e’} )
Jua22
00469
Gouas

.00422

00469
w1260

1262

V6223
0469
0126C
(1262
uv4e9
vCaad
V0422
Cube9y
00445
w0402
J4567
LaLeL
JoVou
04088
00000
04112
(194139
02282
06202
G2282
4210
U4B6S
02284
V2246
04234

=ui s
-L099
w99
-3757

3l

-6167
Gui99
-3805
06301
-6177
-3841
~-6213
-0099
-3877
-6213
-6260
~3913
V6391
-6167
00099
-3961
06321
-6177
=-3997
-6223
-u099
-4033
-6223
-6260
Culul
€2357
06223
02393
06233
02321
06213
07227
=0001
05983
01300
01200
02282
05983
0C000

05983
02282

02284
00099
000=5
~7758
02246
00000
uu099
60000
05985
01300
01200
05985
02282
00000

02282
05985
02284
000=3

O (2264

0u099
000~5
-7758
02248
[V1e1475)
00099
ouw000
0u000
-4613
06005
-5213
00099
-4661
05995
-6223
-4697
-6260
-0099
~4733

) 05995

-6213

STOKE

ROTATE

SWCHIK
AAIK

AIKADD

|

SWCHUK
AAJK

AJKADD
sw2

TF
FM

FA

FA

TF
FM

Fh

TF

TF

FM

FA

FM

TEMP2sACsy AL J*SCZ
CleallZ

NEWAT L 9ACK
S20AJJ2

NEwATLeaC2

NEWAl1e»TENP2Z
SzsAlll

NEWAUJ»ACZ
C29AdJ2Z

NEWAJJ9ACZ
NEWAJJ» TENP2Z

Sa26lalan Svd UFFZ

*L189»JADDELLZ

00000 NEWAJJ sy STURE AJJZ
*5189A10ADDG112

Q0000 sNEWATIJ s STORE AlJ2
*51841ADDO112

QOOUOINEWALT »» STCRE 'AllZ

KoNvs KAENZ

1KUDA=1s1e9 STEP CCUNTZ
KelZ

SWCHIKses K LESS THAN 12
SKIPsoes KA 12

KloKss K GREATER THAI I2Z
11el12

AALIKZ

#-32

21

’ K LESS THAN 12

K12
TEMP# 39102
TEMPoKlos
TEMPACZ
TEMP»5+10s 6 DIGITS2
AC»077582

AC=1slles ANAIKDZ

AC=42 .

ALKADDE11+ACZ

AlK902

Ko J2

SWCHJUKZ

SKiP2 ’

Jlades K GREATER THAN J2

K¥K=3m2

- K1aKZ

AAJKZ

*-32

J1eKoe K LESS THAN J2Z
KledZ

TEMPoK1ys AJK ADDZ
TEMP 924102

TEMPsK1Z

TEMP9ACZ

TEMPs5+109 6 DIGITSZ
AC»077%82 .
AC=19J12

AC~42

AJKADDE11+AC2

AJK 02

DEG452Z

COSsALKZ

TEMP24ACZ
SINIAJKZ

TEMP2sACZ

SINsAIKZ




i
P
}
'

L4734
V4746
V4758
C4770
u4782
04794
Q48U
c4818
04830
04842
04854
04866
04878
04890
04902
04914
04926
U6938
04950
04962
C4974
04986
C4998
05¢10
chu22
05034
05046
05vu58
05u70
05978
U578
95090
051¢C2
05114
05126
05138
05150
05162
05174

" 05186

05198
05210
05222
05234
05246

05258
05270
05282
05294
05306
05318
05326
05326
05338
05346
05346
05358
0537¢
05382
0539¢C
05390
uU5492
05414
05426
05438
05450
05462
05474
05486
05498

‘05510

05522
05534
05546
¢5558
¢5570
05582
C5594
05606
o5618
05630
05642
05654
05666
05678
u5699
G572
U5714
w5726
05738

26
16
26
49
16
16
49
26
26
26
26
12
47
47
38
11
24
47
24
47
49
264
47
12
34
39
38

46

49

16
26
49
26
16
26
“9
26
16
16
49
16
16
49
49

24
47
34
34
38
39
26
12
23
26
13
11
21
32
26
26
16

Gozoe
00459
V1260
V1262
V0469
V0445
Q0402
04836
00000
V4BsU
guuoce
J2282
Q4142
04914
05982
05983
05983
05370
v5985
05346
02202
07246
05390
V7239
(e ]ee V)
V6419
07238
95390
2202

w469
0l26v
01262
v6250
Go4e9
vilaev
01262
0626y
QU469
0645
uué22
U0469
JU445
w0402
04818

06250
06260
00099
05326
06260

04818

06260
G4818

05983
V5985
v2255
v2250

00000

IR

05983

05497

06437

06439

J030C
V6429
06005

05996
05996

05983
05496
05983

u5438
v0000
00000
06198
06455
06250
06250
06250
06250
06250
00099
08u9b
LoUYs
us821
06405
5761

UL059
-4781
06005
-6223
-4817
-2099
-6250
04565
0v099
04353
06260
0uC=-1
Cl26y
0L200
00400
000-1
05985
01200
07227
01300
00000
07236
Ul1160
Uu0=-1
oliv2
QU100
G100
01200
cucoo

-5113
06489
-0213
QU099
~5161
Ge4b9
-6223
06250
-5209
-6260
-L099
~5245
~0099
-6250
Quovo

06260
QU099
06250
06260
0v0Go
00000

00000
06000

0u0=-1
000=1
9¢0-1
00000

vulc2
Vulv2
0Go~1

-7258
05962
05983
Gulu2
Gul0e
07258
Guovo
oul00
000-1
000-1
07227
Q1100
00102
00102
00100
00100
07227
000~3
07227
00099
Q00~-5
~7748
07227
[STV741V1e)
uioY9
06097
-77586

RTSTOR

. SK1P

WANTU

STEPI

SwWl

DEG4S

SW3°

SETF

RESET2

TYPOUT

AGAIN

VAR

TF
FM

.F$

TF
TF
TF
TF
SM
BNZ
BNC2
WNCD
AM

C

BNE
BL

oNH
SM

‘RCTY

WATY
WNTY
BZ

D0RG
FM

TF
£y

TF
FA

FS

DNH

RCTY
RCTY
WNTY
WATY

SM
TF

MM
AM

SF
TF
TF
TFM

TEMPACss ALK*SINZ
COSsAJKZ

ACITENMPZ

#5189 AJKADDE 112

0sACss AJK STOREDZ
*#618sA1KADDE11Z
OsTEMP2es AIK STORLDZ
KelslCs» K=1Z
ROTATEGR2499s  RETUKNZ
STEPIsws SKIP PUNCHZ
I=1lese PUNCH [eJsSINsCUSZ
Ivlel0e 1612

102

RESETZZ

JoNss J VS N2
RESET2-242

START»ss SOMETIMES NOPZ
E~1+DELTA-1v9 E VS DELTAZ
TYPCUTZ

E-8s1+10s EH#E/Z1CZ

2

EEQUALZ

E-92

TYPOUTZ

STARTZ

*-32

SURTEsAIKZ

TEMPyAC2
SURTZ29AUK2Z

TEMP29s TEMPZ

TEMP24ACYs  AIKZ

ACHTEMP AJKZ

RTSTORvss» NOPZ

3l

TEMP» TEMP 2990 SWITCH AIK=AJKZ
TEMP2yACZ
ACH»TEMPZ
SETFsTEMP2Z
TEMP22Z
RTSTORZ
#-32
TEMP 2929 INVERT AIK SI1O6NZ
RTSTORZ
*=32 L
IslelOs I#12
JolelOs JE12
CMPAREE5919100 AlJG1Z
CHMPARE» s LOOP BACKZ
*-32
z
Z
IslolCs I#12
VARG 119DIAGEZ
OQUTPUTE8s1~-19s SET INDEX2
OUTPUTE10012
A
ouUTPUTZ
COS»DIAGZ
CO8-92
CO0s=-92
Is1910s 1612
VARE1091510s STEP FETCHZ
IsNee 1 VS iWZ
AGAINZ
4
z
IKUDA~S999 TYPE ROTATIONSZ
CNTZ
TEMPNZ
TEMP939102 -
TEMPsNes NBN=-3n2
TEMPsAC2Z
TEMP+5s102
AC»077482
AC=1eN2
AC=42Z
ENDSWRE119ACZ
CUSsZEROZ
CHANGES 119077582

37




25750
U5762
95774
05786
us798
o5810
5822
05834
05846
05858
£5870
vH881
05882
05894
55906
05918
$5930
05942
¢5950
65950
05962
(59746
u5982

u71758
(7258

c7267.
07248

v7237
07227
05983
05985
05995
C6005
CbULE
C6uL9
G2246
G2248
02284

© 02282

veur7
06087
26V97
v6099
cele7

06177
06187
C6197
06203
06213
06223
06233
06240
06250
06260
uuv99
06263
¢6301
06311
06321
06213
06223
06323
06419
06429
06455
06489
02178

26
24
46
26
11
14
47
34
39
36

€

38
34
34

39
49

39
36
49

FLYN
ubuos
J5798
U6005
vbT6 0
w9761
Ub75¢
wiLOv
vei99
5996
5982

1
L5982
(191 1¢]
00C00
05950
06263
u5962

V6323
VooV
FIVKIeN]

1225
50

-

W e
GRNNNCG ~OCNNNO-O

—

Rt
cocCcc

Couvi
06249
0l10¢G
06250
Lol
-J00¢
G11u9
vuli?2
G100
oclo¢
vu0Co

Uuaus
ool02
0u102
Qg2co
06100
Qu000
QU100

Vw500
Gudde

coold
AL01C

CHANGE

ENDSGR

PHASE?2

CALL3

*
ELEMNT
DIAG

CMPATE
I

J1

Kl

K

ONE
HALF
ZEKC
MESS2
All

AJJ
AlJ
AIMIAY
1KUDA
NEwAll
NEWAJY
NEWATJ
TAN225
TEMP
TEMP2
AC

END

OUTPUT
CNT
SQRT2

TF
C

o
Te
Al
c
[3xial
KCTY
WATY
WhTY
TDM
bC
WiNCD
RCTY
KCTY
Bcz2
WATY
8
DORG
WATY
RNCD
B
LCRG

L5y
0SG-
"N
C
08
DS
25
LS
bs
cs
nC
DAC
03
DS
DS
LS
uC
cC
]9
DAC
bS

DS
DS
DS
oC
118
&C
DC
DC
DS
DS
S
CAC
05
DS
LS
DS
LS .
vAC
DAC
DAC
DAC
C
DEND

| AT
CeS—leTE“P-12
*G 242
CUSsTEMPZ
CrANOLYL 19192 0d
CHARLES 11002
CHANCL Z
Z
mkSseZ
CUs=-v2
1-1Z
Lea®l
-1z
z
Z
CALL3Z .
ENDZ
CALL3b12Z
*=-327
PHASE3sss IHSTRUCTIONSZ
[{TXX] LOAD PHASL 3 LCALEKZ
00ss» EXECUTE LOADERZ
*-37
PHASE 2 CONSTANTSZ
1225910477582
90910972582
10972472
192972482
10072372
2672272
22
22
102
102
1922
309 LOAD FHASLL 2 VUTPUT-HIT STAST®Z
291101682
2911416102
29HITE10Z
2+HITEBZ
109511000356002
109505000L00UL
10902
30 sMAXIMUNM AlJs%l NOT # Jos ¥ @z
10Z- .

9y

102

102

102

690€Z

10902

10904

10902

7950414212

102

102

0992

19 3END OF PROGURAmMEZ
102

10Z -

102

1O INEWALTZ

10 sNEWAJSJIZ

40 9EIGENVALULS DONE s wHcN PHASE 3 LOADSs HIT START®Z
oot # @2

13» A%00o0 # @2
139 ROTATIONS.2Z
10+50707106782
ENTRYZ




02178
02190
02202
02214
02226
02238
G2250
02262
2274
02286
02298
02310
02322
02334
02346
02358
02370
v2382
V2394
024016
V261ls
vZ43u
G2u42
02454
V2466
02478
€249y
025uv2
.02514
Cc2526
V2538
v2546
veb4a6
Pr3-11-]
V257G
2582
2594
v26vb
vebll
v2626
C2626
V2038

15
34
34
39
34
34
48
16
16
26
11
14
47
16
26
11
i4
47
36
4%
16
14
46
26
16
13

15
26
49

i6
lo
13
21
le
15
49

26
1z

02419
v2427
0uo00
Q000U
03859
00000
¢ooo0
02273
v2429
w2304
04008
02303
L2301
(2298
V2364
Jy4u08
U2363
02364
V2358
J3828
U2626
©v2993
u3829
V2546
03165
02865
v382¢9
u2bes
030603
G2689
uar22

vilod
vikbd
U3829
vZB64
v2889
v3u3
velee

v3leb
u3led

00~01
000-1
0vl102
c0102
00100
00102
00102
02273
000-1
~-4008
03957
0060=-1
Q00KO
01200
~400C8
03947
QooL3
J4238
vllvo
w500
[V v]el
Vul=1
ouvotL2
G1l100
03829
-3678
QuiL3
Quu99
vwo001
03829
CJ0G0

vulLe
-39%8
choLe
uueYY
vuoL2
VULY
v U0

03829
ouutk2

PHASE 3

BASIC 1620 CARD SYSTEMS

* TH IS | § PHASE 3.~ EIGENVECTOR COMPUTE  BASIC CARD 1620
* 2 . o, .

ENTRY

HALT

CLEAR
SETI

ALISET
ALLT

ALLIZ

READN
SWl1

UNDR33

GVER32

PASS2F

SPS LISTING

93

TOM  SW1610199» 1 OFF2Z

TFM OUTIsls10e I#12

RCTY 2

RCTY 2

WATY MESSGEZ

RCTY 2

RCTY 2

H TEMPSTEMPZ

TFM OUTJs1s102

TEM  SETI&69MATRIXZ

TF  -MATRIXs2ZEROZ

AM #~T91910s DATA AREA#0Z
M SETI63+200102

BNE SETIZ

TFM ALL]&éOMATRlX[o 18=-342
TF MATRIXONE sy 18-322

AM  #~7,33,10, 18-322
CHM  ALLI&6+142389s 18-322
BNH ALLIZ

RNCD N-12

b PASS2FZ

TFY 1SETE11le1910s SET 12
(4] N»329102

bH  OVER322

TF FUNCTNsNZ

TFM  LSTRCDIMATRIX=3302
MM N»33,102

A LSTRCD=1sAC2Z

TOM Sw2&leles 2 OFFZ
TF ICMPARE 11 oNZ

B READZ

DORG #-32

TFM  FUNCTNs32+102

TFM  LSTRCDsMATRIX-104
MM N#32+102

A LSTRCD=1sAC2Z

TFM  ICMPARG11+9324+102
TOM  SW261s999 2 ONZ
(2] KEADZ

DURG #-~32

1F FUNCTNsNZ

5M FUNCTN#32s102

3¢

N

N

/ﬂ\.



02650
02662
32674
02686
02698
02719
02722
02734
32746
02758
2110
c2782
V2794
c28u6
02818
02830
02842
02854
c2866
02878
02890
v29u2
02914
02926
02934
02934
02946
02958
02970
02982
02994
03002
03002
03014
03026
03038
03050
03062
03074
03086
03998
03106
03106
03118
03130

03142
03154
03166
03178
C3190
C3202
03214
c3226
03238
03250
03262
V3274
03286
03298
03310
03322
03334
03346
03358
G33710
03382
03394
03406
C3418
03430

'03442

03454
03466
03674
03474
03486

-03498

3510
03522
C3534
03546
03558
03570
3582
03594
03606
V3618
03630
03642
03654

vZBbY
v3B29
v2864

5 vu3003

uaeg9
V2993
~3832
v3l0¢
v28al
u3965
U3967
(3971
u3s13
Guoov
G3959
u385%5
03846
G284l
03002
02427
02934
Ceau21
J2840
02758

02429
02841
02429
U284y
u2427
u27%58

u3usv
UOJuu
03989
U3u49
L2419
G2427
02357
02393
02202

03213
03833
v3212

03797
03796
03225
03835
03226
43927
$3937
03474
03049
02273
00469
00445
00622
0C469
01260
01262
(2273
00469
V0445
00402
00469
01260
v1262
03714
u3927
€0099
02273
03714

Ju4ae9
12690
01262
02273
u0469
G1260C
01262
V0469
60445
00422
00469
w1260
Ul1262
u3927
00469
ul260

-3358
oooL3
UJi99
QUOV1
u3ges
vull3
GubC0o
C3832
~-4008
02426
V2427
[PTY2
02429
oClo2
G0100
04008
[$1€3 Yo}
-0000
€12C0
-0000
01300
000=~1
0u0-1
Guouo

CuO~-1
-36868
ooot2
GuoYs
-0000
OuOuo

cLouo
Co102
00100
03049
Vuou9
ocoL3
Ja24a8
J9858
20000

-3688
gooL2
QL0099

03213
-3165
-3688
uooL2
06099
03000
00000
03837
03836
03927
-3297
-2273
-3937
-3333
02273
-3827
CL099
-3381
-3937
~3927
-3417
03937
-3049
03836
00099
02273
03927
00000

~3509
03927
~3855
QOLC99
«3557
03937
=3845
-3593
-2273
-G099
-3629
u3ga?
~3849
0L099
-3677
03937

READ

TYPEV

our
TEST

ICMPAR

JSET

ISET
sw2

TRICK
PASS2

COMPUT

ADDF.

_VKIADC

VKJADD

NEGTVE

HRDWAY

Trwi
MM

A
Tuir
TF
TEA
RNCD
BNR
TFM
0
T0
0
T
RCTY
WATY
T1F
WRTY
M
BE
™
BNL
AM
AM

3]
DOROG
AM
TFM
MM

A
TFM

=]
DORG
-3
RCTY
WATY
H
TOM
TFM
TFM
TFM
B
DORG
TFM
MM
A

TF
AM
TFM
MM

TF
TF
BNR
0
TF
FA

FM

TF
FS

FM

BNF
TF
TF
TF

B8
DORG
F™

TF
FM
FA

FM

TF
FN

LSTRCDIMATRI A~0504
Ne33s10Z

LSTRCD-19ALL

S4261919s 2 QFFL
ICMPARELL N2
ISETE11935410s SET 332
I=1lose KEAD TeJdsbeCe
COMPUT»[-12
OUTE1LIMATRIXZ
TYPELOIOUTI-1Z -
TYPEGBQUTILZ
TYPE&EL200UTI=12
TYPELL14OUTIZ

z

TYPEZ

COSH»MATRIXss TYPE VIJZ
CUS=-92
OUTHEL19ss LAST RECOROZ
sSw22
OUTIsss N OR 322

JSETZ
OUTIs1s10» Ib1Z

TOUTE1Us1910Z

TYPEVE12Z

*#=32
OUTJ»1910y JELZ
OUT&119MATRIX~3202
0UTJ» 325102
OUT&E109ACZ
QUTIsss ) OR 332
TYPEVE12Z
*-37
PASS2Z

Z
PAUMSGZ
TRICK2»ThICK2ss ENDZ
SwlEleYesy 1 ONZ
OUT1933910y I#33Z
ALISETE119MATRIXG102402
ALLIZ2EL19198582
ENTRY& 242
*-32 .
VK1ADD& 11 9»MATRIX=3202
1932510+A%A1U0#320%1 =106MATRIXZ

Wy

" VKIADDE&10vACZ

ENDE11aVKIADLELLZ
-END&10»FUNCTNZ

VKJADDE11 9MATRIX~3202
J932+109A%ALUO#I20%J~1O6EMATRIXZ
VKJADDEL10ACZ

VKIsss STORE VKIZ

VKJses STORE VKJZ

HRDWAY s J629s THETA NOT 45 DEGZ
TRICK29sJ61lsy 8 OR FLAG BZ
TEMPsVKIZ

TEMPsVKJs s VKI&EVKJIZ

“TEMP»SQRT2Z

TEMP»ACZ
VKJoVKIZ

VKJ s TRICK2ss DIFFERENCEZ

STORE»J& 12
VKIsACZ

ACH»TEMPZ

TEMPsVKI2

STOREZ

*-32

VKI9COSys VKI*COSZ

TEMP,ACZ
VKJ+SINZ

TEMP,AC"VKI*CQVKJ*S*VKJZ
VKIsSINZ

VK1sACZ
VKJ»COS2

K




03666
03678
03690
03762
03714
03726
03738
03750
03762
03774
03786
03798
U3810
03818

o0v99
03049
03827
02273
03829
3830
3831
03833
03835
03845
03855
03856
03859
03927
03937
02427
02429
03163
02865
03947
03957

03989

03989
04008
02178

V1262 ~3855
0046y -3713
V0445 -G099
V0402 =3927
U3732 03213
0030V 2273
03756 03225
00U0U 00099
03212 000-1
23224 000-1
U3213 =J000
u3202 01200

(2722 Q0UOULD

&
1600 00010

STORE

END

*

*

AC
TRICK2
SQRT2
TEMP

.N )
RM
DUMMY
1

J
SIN
cos
RM2,
MESSGE
vkl
VKJ
ouT!
ouTJ
FUNCTN
LSTRCD
ONE
2ERO
TYPE
PAUMSG

"MATRIX

FS ACsVKI 9o VKI¥C-VKI*SHVKIZ

TF *5189VKIADDELLZ

TF + TEMPss» STORE VKIZ

TF #5189 VKJADDE 112

TF sACy STORE VKJZ

AM - VKIADDE&10s1910s 1612

AM VKJADDELIQ» 1010y JE1LZ

M VKIADDEllsss TEST ENDZ

BNE VKIADDZ

B READZ

DORG #-32 . .
PHASE 3 CONSTANTSZ

bs 1992

DC 109=5C70710678sTRICKS112

ocC 1050707106782

DS  sHALTEL12

oS 22

DC 1r@2

DS 12

DS 22

DS 22

DS 102

DS 102

DC 1§ .24 ' )

DAC  309LOAD PHASE 2 OUTPUT HIT START@Z

DS 102 !

DS 102

DS 298W1692

DS 295W16112

Ds 5+ADDFE112

Ds 5»TESTHL1Z

0C 10+5110000000<

0C 109-02

DAC 15 V%00+008 # @2

DAC 4+ENDOZ :

DSB  1600910+040082

DEND ENTRYZ

n

PHASE 2

1620 CARD SYSTEMS WITH DIVIDE AND INDIRECT ADDRESSING

SPS LISTING

Yo

)



02178
02190
_022v2

02214 -

02226
02238
02250
02262
G2274
02286
02298
02310
02322
02334

02346 "

02358
02370
02382
02394
024v6
02418
02430
02442
02454
02466
02478
02486

TORNe6

02496
. 03s10
02%22
‘02534
_Q3546
ogsse
02570
02882
02594
02606
02618

49
26
16
26
“9

- 00469 .
- 01260
01262

U0401
V6142
ub923
05925
02256
J4915
-7751
04856
J4915
02321
02320
06107
v2357
02356
06117
02393
02393
06127
w6137
0469y
00445
00402
V2486
06173
06190
L2654

00099
004669
00445
00422
L04s9
01260
0le22
00096
03014
vel90
uU469
V1260

G126

06173
06153
00469
00445
00422

06153
06163
00469
00445
00402
00469
00445
00422
G4531
05927

1
02902
U5926
Vw5187
V4046

05926
05187
0619C
U6153
06163
V2994
6173
V&046

G6173
04i46

06251
00469
RIS L)
u4e22
V6241
v0469
01260
U1262

0u=-01
=-uC00.
cuo=-1
000~2
~7751
0o00)
07240
01300
00009
-7248
05923
guooc
-T7248
5925
00000

02256

000-7
00000
06107
-2441

-6137.

-6117
01200
06037
vel27

oGovo

06137
-2%33
-009%

=-0099

~2569
velar
=0099
V6180
01300
wuo9e
2641
06137

6027
00099
06117
-2701
-6153
-6107

22737

06153
~6027
QU099
06153
-2797
-6153

-6127

-2833
~6163
-6127
0009
Quooo

06190
00000
voou1
00000

00008’
00009
06153
06163
06150
V6173
00000
Q0000

V0000
GCO0U0

00099
=3061
~2099
-0C99
06099
~31u9
06251
-6251

#  PHA SE 2
*

ENTRY  TCM
TFM
START TFN
TFM
TFM
1141 TOM
CMPARE
ut
HIT TOM
TFM
A
IADD TF
TFM
A
JADD  TF
TF
AM
A1JADD TF
TF

F$

DORG
SKIP2 TF
FA

Fo

ANGLET €
BL

10
FM

N TF
FORMA! TF
FA

~EM .

TF
TF
FS

FA

TOM
TOM
DC
BNF
MINUS TOmM
TDm

3

DORG

PLUS TOM
TOM
TF
TF
TF
DBNF
CF

8
DORG
SF
8
DORG
SINCOS TF
FA '

TF
F

- EIGENVALUES COMPUTE 1620 wW/DIV & IDA
z e

40191992

[KUDA-140Z

Ielolus 1#12

Je2elUs J#22

CMPAKE&E6+ 775199 SET SEARCHZ
SWl&leles 1 OFF2Z
T7519E=To 9ol bSS THAN k2
STEP[ese: *##¥NO HITZ
Swl&le9es . 1 ONZ .
IADDE11+724899 SET 1 ADDZ .
1ADDE10sise All ADDZ

Allo02 .
JADDEL114+072482
JADD610sJes  ABAJIDL
AJJs02

#5359 CMPAREG 6
#623979100 ALY ADDZ
AlJe02

AIMIAJsALTZ .
AIMIAJsAJIey  Al=AJZ

sKip22
NEWAlJ#2ZEROZ
TEMPsALJ2

FORMALIZ

#=32

ACoAIMIAJR

ACoACos 2%AI-AURZ-

AlJsACE

969TAN225es  ALPHA TO TAN 22e52
SINCOSsos JUMP IF ALPHA SMALLZ
TEMP9ACss ALPHA SIGNZ
AIMIAJIHALFZ

A

NEWAIJACss  ALJZ
NEWATTsAJI2
NEWATLoATTss AIGAJZ

NEWALsHALFZ

NEWAI1sACys 1/2%Al6AJNZ

* NEWAJJINEWALIZ

NEWAL1oAIJZ

NEWAJJ9ATJZ

Sw251+9+9  SW2 ONZ

J&22

lo@o%2

PLUSSTEMPos IS ALPHA=Z
J61s8s112

SW361eles Sw3 OFFZ
STOREZ

#-37

J&1+82 .
SW351+9s9 SW3 ON2

TEMP o NEWALTZ :
NEWALL NEWAJJZ .
NEWAJJITEMPss SWITCH Al=-AJUZ
*532/NEWAIJZ
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