UNIVERSITY OF ILLINOIS
DIGITAL COMPUTER
LIBRARY ROUTINE M 20 - 23k
By C. W. Gear

TITLE - Eigenvalues of a Symetric Matrix by»Givens' Method (SADOT Only)
TYFE | : Automatic E
NUMBER OF WORDS 507 + Routines N12, Rl, P16 and YL
'MAXIMUM SIZE OF MATRIX 128 x 128
DURATION ' Approximately n2/160 + n5/20,ooo minutes
ACCURACY Depends on matrix. So far as known, good to 1l decimal
places for n less than 40 and good to 10 otherwise.
SCALING - The matrix must be scaled so that its norm is less than 1.
T oa, f<1
. o i3
CODED STOPS 8 , FF 0% in loc 322 on R.H.S. Sum check failed oh read inf

FF 037 in loc 1KK Norm of Matrix has exceeded 1.
FF 038 in loc OT% Sum of squares check has failed. (see

- ~ description)
. FINAL STOP - 24 01k on R.H.S. of loc 1ON. |
| ; o , = o Routine is now ready to read in another matrix.
INPUT . Normal input the program tape (it uses SADOI). It will

stop on the word 34 Ol1 FF 036 in loc 322 (16), on the
L.H.S. if the iape has read in correctly, on the R.H.S.
if there has been a reader error. Black switch the data
tape in which should be written as follows:

Consider the matrix in its upper triangulsr form as

allalg alBOovooloa-.Cl'll.tlio’llAam

a a esevms v s srshvessanre &

22, 23 2n

LIEEE N R LN I BRI I O BN O

%p-1,n-1 anq;,n.

a
n,n

Fach row should be punched, element by element as a sign
followed by p decimal digits (p < 12) of the element, and



MODIFICATION
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at the end of each row the character N should be punched.
Thue the date tape will have the following sequence on
it: n signed numbers, N, n-1 signed number, N, :cceova

2 signed numbers, N, 2 signed numbers, N, 1 signed mumber,

N. The master routine will read in the first rew of the
matrix and plant n, the order of the matrix. It will then
read in up to each N character, and store this as the next
row of the triangular part of the matrix. If there are
more than n-1 numbers in this row it will ignore all those
after the n-1th, if there are less than n-1, say p, the
p+lth will be the p+2th of the preceeding row, and so on

to the n-1th interpreted as the nth of the preceeding row. ‘
It will stop reading in after it has sensed n N's.

This routine uses N12 to input the matrix. If it is desired
to calculate the matrix elements within the Tlliac prior to
finding the eigenvalues the routine may be modified in the
following way:

Replsce N12 by an auxiliary subroutine to calculate the
elements in the order in which they are read in. NI2 is

entered with the orders

20 p
20 g
26 365F

It occupies locations 365 through 40%. These and the
additional locations 670 &hrough 869 may be used by the
auxiliary subroutine. At no time must the auxiliary
routine use other locations (except O, 1, and 2.)
Successive rows of the upper triangular form should be
calculated and stored in Williams memory locations p
through 870+n-1. p is 870, 871, 872, ..., 870+n-1; on
each successive entry. After the first entry to the
auxiliary subroutine location 386 must contain 870 + n
as a left hand address, where n is the order of the
matrix.



DESCRIPTION
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If required, library routine Rl is in location 356, P16
in location 277 and Y1 in location 23. Drum locations
11720 through 12799 may be used.
To input the auxiliary subroutine delete the sum check at
the end of the master routine, i.e. copy up to and including
the word OOF OOF in location 668, and delete the short last
section starting with O0800K. Follow this with the auxiliary
routine with a suitable directive.
Entry should be made to the left hand side of location 17.
The read-in is under the control of SADOI. The only floating
addresses used in the master routine are (P16), (N12), (R1)
and (YL). It will finally stop, as before, on a 24 01k,
and if this is obeyed it will re-enter the main routine,
while the auxiliary routine may specify a new matrix (of
any order less than 129).
For full details see the paper by Wallace Givens on this
subject in the library files.
The program falls into two parts, the reduction by a series
of rotations into Jacobi (bordered diagonal or Tri-diagonal)
form, and the subsequent calculation of the eigenvalues
from this form by the use of a binary chopping procedure
involving the calculation of the signature of the matrix at
each point of the chop?

Reduction Eg Jacobi Form.

Consider a rotation of the matrix about the (i,j) element

defined by P!.,AP,, = A : Where P, =
1j7= =i] =iJ
.0 . .
Cc. o e -
iJ 1J
2 2
1 clj *sij =1
1
5, ..
13 1
0
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The only elements affected in this transformation are those
in the ith and jth rows and columns of A. BSince the matrix
is symetric, and this property is retained under an
orthogonal rotation, we need only consider the columns of
A.

The elements of the rotated matrix A are thus:

a = a i, Jo
psq pyq P2 aFisd
;. = ; = C..ca o + s .na . i .c
1,p p,i i5%pi 138y P £ 14
a, = a8 , = c...a . + S...a . i,3
isp Dy 13"%p3 i3°%i1 P Foisg
8y 5 = oyyleggayy + S15°854) * 8y <° J ij°ajj)
855 = 85 = cij(cij°aij + Sij°aii) + sijkcij°ajj - sij°aij)

Since the trace of a matrix is invariant under an orthogonal

transformation,

The values of Cij and Sij have not yet been assigned. In
the Jacobi method, also in the library, they are chosen so
as to make the (i,j) element zero. However, future rotations

about other elements alter this, and iteration is necessary.

Suppose that rotations are made successively akout the

elements (2,3):(2,4):...(2,0):(3,4):(3,5)..-(3,n):(4,5)...
(n-1,n); making at each step the elements

(1,3): (1 L)s...(l,m):(2,4):(2,5):0..(2,n):(3,5)...(n-2,n) zero.
At any step, elements made zero in previous rotations are

left zero. ’

Thus, all the elements of the matrix are reduced to zero

except the diagonal and those adjzcent to the diagonal.



This leaves the matrix

a b 000acsacoteutaqaa--aelumooqoo

171

b, &, b,

0 b2 a3 b3

T.IB B Qe S6E0C0EERATOCGITTAOED

bnme anul bnal

OQQEQVEG!QEcOﬂO b a
n-1 n

with eigenvalues equal to those of the original matrix.

Denote this matrix by B-

The eigenvalues of this are the roots of the polynomial
det(B - ur) = fn(u) =

From the form of the matrix the peclynomial can be defined

by the sequence

fo(u) =1

fl(u) =8) -u

fg(u) = (a2 w)f, (u) - b, fo(u)

Cereeeiesaens Sesaeeacesaecosons (1)

If two successive fi's vanish then fq = 0.

~ H

To overcome this, set f, = -b_ .~ if f . =f _ =0

k k-1 k-1 k=2
and b, ; #0and f =a, -uiff ., =b . =0
Then the number of roots of f (x) O greater than u is
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equal to the number of agreements in sign (zero considered
as positive) in the sequence fo(u), fl(u), f2(u), .....fn(u).

For accuracy the equations are formed in semi-floating

point.
bi2 is formed and scaled so that:
2 =€l =40
0< bi =2 ch <2

or g, =0 amde =79 1if bn=0

i
1
P
and ai = u is scaled so that:
=51 1
aimu——-ple P 0581§«399 '§§.91<l
=i
andfi(u) = 2 'n,
If %y is set as 0, and v, =Ty - ﬂi=l the machine
equations are in the form:
Zi i
m =2 (pimial - P qimlmi=2) if A, <0
2. = V.=5,
i i1
Y, =ad o
= 277 (2 pimi=l=qimia2) if 4, >0
Ty = V.V,

% i*V5.17%1

ere A, = v, .+8,-€,
wh i i+l i €1=l

Zi is found by scaling the quantity in parenthesis to
lie between 1/2 and 1, and \A is found from the

appropriate equation.



THE CODE

The program is read into the memory and stored on the drum
for future use as temporary storage overwrites much of it.
The triangular part of the matrix is read in row by row

and packed on the drum according to the following arrange-

ment: Consider a track of length 65 words,

location + 0 1 2 3 vsecs. N6l 64
2560 a1 0 236 66 %667 26,1 0
2625 a1, 8, o} 367,67 a67,n 0
2690 a5 a23 855 0

2560 + ; . ; . f s s o s o s e s o o e

64}{65 1,65 2,65 o ¢ o © e @ o @ ¢ s o o @ o a65,65
2560 + a ‘

65}{65 1,66 &2’66 6 o ¢ &« o @ e @« o o o s o o a65,66
2560 + o

(n=l)65 aljn 2,1’.{ aceseasco s s ceeesasecao 365’:&

If two locations A and B are such that loc(B) - loc(A) = 1(mod 64)
then B can be utilised in the minimum sccess time after A has
been referred to.

If p is greater than 65, then 365,p is in location

2560 + 6hx66 « 65(p - 65), and a66,p is in location

p - 64 + 2560.

Therefore loc(366 p) loc (a65 p) mod 6k
3 ¥

- 6ix66 - 65(p-65) + p - 64 (64)
65° - Bhp  (64)

(64 + 1)°  (64)

1 (64)

1]
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Therefore the rows and columms of the matrix can be
referred to in minimum access time.

The sum of the squares of the elements of the matrix

is calculated as it is read in, and stored as a check
against the sum after the reduction to Jacobi form.

After this reduction, the program will hang up if the
difference exceeds lOOx2’39°

The eigenvalues are then found from the reduced form,

by storing the square root R of the sum of squares of the
original matrix as an upper and lower bound on the absolute
size of the eigenvalues and adjusting these until they
convergé with information gained about the positich of the
roots by the method outlined.

Taking P(u) to be the number of eigenvalues greater than
u, the method can best be seen from a flow chart.

STORAGE ALLOCATION The program occupies locations 17 through 668 and also on
the drum. During input of the matrix locations 870 - 997
are used to store the rows. During reduction to Jacobi
form locations T42 - 869 and 870 - 997 are used as temporary
storage for the i+l and Jj+lth rows of the matrix which are
altered in a rotation about the i+l, j+1 element. During
the calculation of the eigenvalues the ai‘s are stored in
The-869, the scaled bi2 in locations 870 - 997 with their
scaling factors in 614 - Thl. Locations 358 - 485 hold
the lower bounds of the eigenvalues, while locations
486 - 613 hold the upper values.

DATE  June 27, 1957 RT:1/23/59
proGRAMED EY &7 (D ( 2ur

APPROVED BYW )S. W lor_

lgr



A Al 1 i
Read Fail Read Black Compute White awitch
Program FF Stop Program Sw- Eigen= G
Entry | in. from Stop values. E Yes | Compare S.S. Gl
| Sum drum. Print. ' -39| No,| FF stop. |
< 100.2 >
Check (2)
\\4
v
B C b F
Store Read first row of Store on Read Jacobi
R N, drum. form from drum.
on drum BRI Setn s Sum squares Sum squares.
in program. < 12 Scale big
N
A D1 E
FF Ne After n Reduce to
! 3 N T i
Stop I< ﬁ'.:fs o Jacobl form.
Y h7 (1)
Read next
oW

MAIN FLOW CHART



1 3 5 6
i=0 set drum Set i-dependent
’ » entries. 3 ® j-n? - adﬁresses
STAREI | F ; FINISE
T T T T T TT T T T T T T T T T f‘“"““1 7
Yes? I ] j=i+l to Acc. el
| a la | a =07 1441 row in Mem,| SUbTOut.
! Yes | 1sdtl 7 i,3+L i S
LAl et ey gl 7 $
Yes No % ! 8
i , ! Bet j-dependent :
- 13 tes addressed C
P ‘Interchange i 10 ' * .
= roles of ¢ L i : 9 .
o7t and 8, and ]ai 1+1§ >1 | j+l im Acc =1
» positions of a 17 1 | PV p— Sﬁiﬁﬁut
1,3+ L& j+1 row im Mem. :
8y g4y 4 | W -««m«§i»
" Bi,341 ° ' <
C = =8 = ¢ 14 " @ 24
-1/2 —— ‘ - ve—
2 z = ai,j+l/a° J+1 in Ace ””}
* . Store | Drum
o v ' Subrout.
t =25/ j+1 row on drum <
¥y 18 1
/2 = [ = d+1 [e— |
s=v/ %2 =c.z
y 19 - 2 o 2y = & 26
™ Set addr. ¢ =c - (c-l+s JEE lj=n? '—-3"@
| dependent . '
on p. c=-1; =0 ; .
Yes |
; 20 Y 27
5l - c.a i+l to Acc. "]
p, i+l p,i+l Drum
L—Store ,
+ s°ap,j+l Subrout .

t = . =
Apggtl™ © ap,q-kl “ap.,iwo-lv

to

p = p+l

Y

No |p = n+l?]

Yes

i+l row on drum

pey 23
2101, 4417 C°%441, 141
J+l,i+l @
141, 4175 R 4L, 541 I e =
+C .8 +1,4+1
R TSI Sl TS NS Ry P R O
’ai+l,i+l

|
|
;
|
|
(
|
|
|
|
|
|
|
|
| |
|
|
|
|
|
|
|
i
|
|
1
|
|

(1) Reductiom to Jacohi Form



b

l@,al 211 -
28 29 ___30 3] 32
w, = - / w=0 i = 04P=0 Set 1 1= 141
a =1/2 9!, Lt im_ =0 ! dependent | —gd. ‘
=(s-8) : =1 =39 addresses . i = m+l?
n, = 12 [
0
A & Yes
m o =1a-2
i-1 |
Yes .
3™ ™ a =p,
507 — y®
= v =8 =)
: t = o ! '
No m o= 1+2 Q
el - p
i 1
Yia's .
@ 3l 3 40
pjn, , =0 1—No—s]m __ = OF No oA = v, | *0,€
Yes
by o 43
- 1 “‘39 [ ] -
By =12 1B = Py Vi =% =)
ers *’#& 46 -
qQ,_y =02 ’__» m! = 14279 .>®
No
" 47
- . 10709
L —sfm >02 No—slm =1-2 (1)
' A
ery =PyMyy - G Mypced 51
m - 0 ~w)
Exit - ﬁj T
Yes 23
NlO 48 52| Scale r, -
oA, >0 —— 07 —No- "))
_ 1|«- ’ — "1 No m - i1 .
Yes wrx} 20 /2 < |mi| <1
l—» ory =piem j.€ -, jem , S
Bxit m, -, vy =Ly by
25
@' vy =Dy f €Yy
(2) Eigenvalues. Part I.



57
M > 02 No
]
56 Yes Yes 50
No No
58 |
L m > 02 Yes
Ne
61 i
60 Set k .
k = j—%fdependent = P-k > 0% Lk =ul > f &68
addresses [ et 5 g
k = k+1[~Z)
No T
» No ¢p k ——-D——-J
@-———-b k = n+1? TNO’&
Yes u-~- U >07% Yes
69 S
A ;
Set j
s dependent|
| addresses|
, + 70 , .
J = n+l2 Yes Black Sw. Stop > T
T I
w0 71 72
- - -39 9 _—
U Lq 3.27°7 > 07 Yes Jlu = (Uj + Lj)/E —@
Ko
Th ! 73
. : Print
J=d+d ¢ Eigenvalue;
(2) Eigenvalues. Part II.



The Drum Subroutine

This is an independent subrcutine which stores the triangular part of a symetric
matrix on the drum as outlined above. Entry is made to reed (write) the ith row

except for the first j elements into (from) Williams memory locatioms y+j through
y+n with the following orders:

a 5(J)0 ¥
50 q

g+l 26 -
00 k

. with i in the accumulator.
75 % 7 78

The Drum Subroutine.

Part I.

store 1 in 1 Read or write ? Read Store address of .
e ———3 e el A, =
plant g+l basic read order. A _ Al
store y in 2 Write !
79 80 81
Store address of J in loec. O
e, A, = A e
basic write order. plant link =
83 q+2
No 1{2 65?‘¢ 651 in loc. 3
; 65(i-1)+k in boxes
85 [ Yes 8k 91 and 9L
y + 65 in boxes % y+k in boxes 90
95;93':9!‘" and 9)‘“ € Z\;i = Z\_{) and 90'
 y+i=1 in 97 and 97'. 66(i-1) + k in y+ ion 97,97,
66(1-1)+2 in 99 95 and 95 101 and 101°
and 99!. y+i=1 in boxes
A=A 93, 93',9k4,9h4t,
= = 98 and 98'.
:l 86 87
’ — ) ——
k ]> 65 7 yes ?ij = ’A‘h’ r=
i No * 89
y & 5
= 65r + 1 =66~ + 2
=5 =3 in boxes 95 and 95'. s h
r =65 y+r in boxes 94 :
and 94!,



9

L5 () i
Y 9
86 11 2560 + ( )
, Y %
increase addresses by 1
* 93
| address 90> () 2 W
Yles
()
v %
86 11 2560 + ()
Y %
increase 94 by 1 and 95 by 65
Y o7
address 94 > ( ) —

|

- 14 - '
gir - i

.S

No |

95!

—

85 112560 + ()
R

o ()
%! '}
increase addresses by 1
93" Y

address 90 > ()
1

es

85 11 2560 + ( )

ob' )
20 ()
%6ty

increase 94! by 1 and 95' by

65.
97 ]

No

address O4' > ()

Tes Yes
9% ¥ ¥ 99°
15 () i 185 11 2560 + ()
y %9 98" Y
86 11 2560 + ( ) Lo( )
* 100 100! *
! increase addresses by 1 No increase addresses by 1
) 101 101! v
address 98 > () o ~laddress 98* > ()
Yes ;\2:)‘% Yes
102
Link -
The Drum Subroutine. Part II.




LOCATION | ORDER | BOX NO. NOTES PAGE 1 M 20
KO OL7K
17 JO 1OCOF B ; Store program on drum.
50 17F |
18 26 23F ;
02 2688F |
19 00 8LOF . Exit to C.
26 Lour
20 50 100F I i Read program from drum.
50 20F
21 26 23F
02 2688F
22 00 8hoF Exit to C.
| 26 LouF |
(¥1) ook
63 F5 330F | Prepare to read Jaccbi form from drum.
42 BF o |
6r | b2 &F E ?
ke 2P | |
65 Fb 3h1F | |
s
66 2 105F
1 k2 78F
67 b2 92F | '
. F5 BhF
68 I LO 341iF |
k2 107F ' i
69 L5 3%F
Lo TiF
70 Lk 334p !
Lo TTF
71 00 OF Read from drum locatiomns 2560, 2625, 2626, 2690,
00 OF ! 2691, .
2 22 T2F | |
4o oF §
§




LOCATION

ORDER

BOX NO.

NOTES PAGE 2

83

85

87

L5 TLF
Fk 334F
Lo TiF
Fi T2F
k2 T2F

LO 34TF

36 83F
26 TTF
00 OF
00 OF

22 T6F

. 40 OF

LS TIF
Fi 334F

4o TTF

F5. T8F
b2 T78F
10 662F
36 TiF
26 663F
41 1oF
b1 11F
41 127

- 50 OF

L5 11F
T4 OF
L4 10F
k0 10F
S5 OF
ko 11F

. F5 8uF

4o 8hp
ko 85F
LO 3U6F

!
|

After 130 elements have been read reset loop
and read 2562, 2563, 2628, 2629, ... to end of
matrix.

Test for end.

Test for 130 elements.

Prepare to sum squeres and to scayle b 12 5,

Sum squares of ai“s;_

M 20



LOCATION | ORDER BOX NO- NOTES PAGE 3
90 %2 8hp ) |
41 13F
91 22 91F Square bi's and scale.
50 OF
o2 22 R2F | Also sum gsguares.
5 oF |
93 Lo oF ‘
s5 oF !
94 ko 1P
1k 1%F
95 10 39F
ho 14F
96 LT 14F
Lk OF
97 Lk 1w
ho 12r
98 . 85 0F |
ko 137 |
99 ~L3 OF |
. 36 126F |
100 - k2F |
50 1F
101 L5 OF
00 1F
102 Lo oF
F5 2F
10% ko 2F
L5 OF
104 32 1O0LF
10 1F
105 | Ik 338F
4O OF |
106 I5 2F |

FO 335F

M20



LOCATION | ORDER BOX NO- NOTES PAGE k4
107 22 107F
Lo oF
108 F5 107F
k2 107F
109 F5 91F
) 42 91F
110 ko oow
L2 105F
111 LO 3U5F
32 OIF
112 L5 10F Sum ai‘2 + twice sum b 12 - previous sum of
L4 12F squares .
113 Ik 12F ;
LO 351F 3
11k 40 10F ;
L7 354F |
115 12 10F |
| 32 116F !
116 | FF 56F § Test to see if it exceeds 100.27-7
15 127F. | |
17 o Lo 614F z Set b02 = 0, scaling factor = T9.
k1 870F |
118 F5 269F ?
k2 120F f
119 ¥5 270F | E
k2 121F | |
120 15 353F * 28 Set upper bound for eigenvalues = square root
4o oF of sum of
121 L1 353F squares, and lower bound = - sguare root.
boor !
122 F5 120F | |
k2 120F |
123 F5 121F )

2 121F

M 20



. BOX NO.

LS 273F

LOCATION | ORDER NOTES PAGE 5
12k 10 274F
i 36 120F
125 41 273F | 29 u=0
F5 273F
126 ko 272F =1
26 131F
127 Q0 OF Const.
00 T9F
128 L3 1F If bi2 = 0 set scaling factor = T79.
32 129F
129 26 100F
15 127F |
130 Lo 2F
| 23 105F
13 b1 221F | 30 1=0
| 11 5F m, =0
I 1% 41 202F
| 41 3F
) 133 15 352F
40 LF
13k F5 £00F 31 My =1 2P, 121
ko 220F
135 Lk 339F
42 1koF
136 LO 341F |
k2 161F Set i1 dependent addresses
137 42 198F
Lk 3L1F
138 L4 341F t
42 158F |
139 ko 206F §
10 349F
140 36 231F , 32 = ntl ?

M 20



LOCATION ORDER BOX HO. NOTES PAGE 6
1h1 10 1F 33 Scale a;-u
Lo 6F
2 43 150F
15 OF
143 10 1F
LO 6F
144 Lo 17
L3 1F
145 36 1T7F
sy
146 Lo 6F
5 150F
17 k2 150F
LT 6F
148 00 1F
36 1h6F
1hg L5 1F
50 335F
150 10 1F
00 OF
151 Lo 1F
L5 150F
152 LO 275F
Lo 27 ,
153 L3 3F 34 m_, = 02
36 216F
154 13 4F 39 m , =07
32 206F ,
155 51 1F Form QM oo Btore double precision in
Th 4F 6 and 11
- 156 10 1F
ho 6
157 S5 OF

Yo 11F

M 20



LOCATION | ORDER  |BOX NO. NOTES ~ PAGE 7
158 51 3F Form p, m, ;. Store double precision in
% OF 7 and 12
159 10 1F
ho 7P
160 S5 OF
Lo 12F
‘161 I55F | W B =y, + 8+ € o
3 L0 OF - ' o
162 - Lh 2F
ko 8F
163 k3 193F
- LT 8F
164 ho 226F Store as scaling factor
Lo 227F
165 LO 230F A > 407
36 225F
166 L5 227F
ho 1717
167 - ko 182F
' 15 8F
168 36 179F | 48 A 2072
L5 229F
169 46 198F
Ll 12F
170 10 39F ko Calculate r, if A, <0
Lo TF
171 00 OF
00 OF
172 L4 6F
ho 6F
1753 S5 OF
S owhuF
17k 4 10 30F |

i

Lo oF

i

M 20



LOCATION | ORDER |BOX NO-
175 L1 OF
Lh 6F
176 ko 6F
26 186F 1
177 15 276F
ho 2y
178 b, 1P
26 1558
179 15 228p
46 198F |
180 5 182F
g 182F
181 50 11F 50 Calculate r, if A, >0
15 6F
182 o0 oF
Q0 oF
183 00 1F
0w
184 ha o
85 op
185 Lo 12F
26 17hP
186 L3 6F | 52 r, =02
36 223F
187 S5 OF
- ko OF |
188 15 6F 53 Scale r,
Lo 1F
189 5 193¢
ko 193F
190 | L71F
. 00 1F
191 Lo 1F

36 189F

M 20



P—

LOCATION | ORDER |BOX NO. NOTES PAGE 9
192 L5 6F :
50 OF
193 10 1F !
00 OF
194 Lo 3F
50 3F
195 L5 4F
Lo 3F
196 S5 OF
Lo LF
197 L5 193F
LO 275F
198 22 (OF
L4 OF
199 L0 5F 55 vy =L e =V
4o 5F
200 22 201F
14 2F -
201 4o S5F 5k vy = Z, + 8,
L5 3F 56 m _,>07
202 36 205F
L5 LF 58 m >07?
203 ! 36 134F
| FS5 221F | 59 P=P+1
20k ko po1F
26 134F
205 15 bF 57 m >0 ?
%2 203F
206 26 134F
L3 OF Ly 4y, =07
207 32 212F |
+ L5 3F
208 | 32 210F | ks m >0 1
b1 3F




| LOCATION | ORDER  |BOX KO. NOTES PAGE 10
209 15 352F | M7 m = 1-277
ho hr
210 22 201F
41 3F
211 Ll 352F | 46 m = 14277
40 4F
212 22 201F
L5 IF ho m =D,
213 40 4F
L5 352F | k1 m =127
21k 4o 3F
15 2F k3 v, =8
215 ko 57 ‘
22 201F ,
216 Il b 35 m ,>02
32 21TF
217 22 212F
L1 352F
218 ko 3F
Ll 1F
219 4o Lr 36 m = 14275 mj = -p,
L5 2F 38 v; =8,
220 4o 5F
22 201F
221 00 OF P
00 OF ,
222 00 OF Counter for sturm sequence. (i)
00 OF
223 L5 4F 51 m =0
ko zF
22k b1 hp
22 201F
- 225 15 226F 1 If scaling factor of Ai exceeds 40 avoid
i 22 166F subtraction in boxes 49 and 50

M 20



e e

LOCATION | ORDER |BOX NO. NOTES PAGE 11 |
226 k1 335F
50 OF
227 Lo oF Constants
10 OF
228 00 198F
00 OF
229 00 200F
A % oF
230 00 OF
. 00 Ls¥
231 15 272F 60 K=
ko 271F
2% 15 2TiF 61 Set X dependent addresses.
Ll 269F '
233 k2 2377
o k2 2627
234 15 2nr
Ih 270F
235 k2 263p
- ko 266F
2% L5 221F | 63 P-k>01%
10 271F
237 32 26%F | 6T ua-B'i?_o!
15 oF
238 ¥O 2T3F
36 262F
239 10 1P
, 5 27iF 68 k=k+ 1
2ho ho 271
Lo 348F 62 k=n+1%
2k1 36 2732F
L5 272F
| 2o 14 270F 69 Set j dependent addresses
he phéF

M 20



LOCATION

1

NOTRS = ax 12 - |

ORDER | BOX NO.
243 k2 257F |
L5 272F
24k L4 269F
ko ohsE
245 k2 259F
| L5 OF
246 LO 355F
LO OF 6! U -1, - 3277 201
ahT 32 257F
92 131F 73 Print eigenvalues snd number of root (Jj).
248 92 515F
92 96TF
2kg L5 272F
22 250F
250 J2 3F
50 250F
251 26 277F
% 67F
252 92 963F
L5 2T3F
253 50 12F
50 253F
254 26 27TF
F5 27F
255 ko 272F : }
» LO 348F T J=3+1
256 32 2bF | 70 j=n+11?
22 268F -
257 00 OF
15 OF T2 u = (uj + 1:.'j )/2
258 10 1F
k0 OF
259 22 259F

15 OF

M20



00 TOF

LOCATION | ORDER |BOX NO. ROTES PAGE 13
260 10 1F
14 OF
261 Lo 273F
' 26 131F
262 15 273F 66 U =u
4o oF
263 22 23GF
Ll OF
26k 14 273F
36 266F 64 u-1,>01
265 22 239F | '
- 00 OF
266 15 2T3F 65 L, =u
ko oF
267 22 239F
00 OF
268 22 268F Useful constents
ok 20F
269 00 OF
_ 00 485F
270 00 OF
00 35TF
e 00 OF
- 00 OF
272 00 OF
00 OF
273 00 OF
00 OF
274 TLi 353F
4o 486F
275 10 1F
00 2F
276 00 OF

M 20



LOCATION | ORDER - IBOX ¥O. NOTES PAGE 1k
(P16) OCK
333 00 OF More us\aful constants
00 OF
354 00 OF
00 65F
- 355 00 oF
00 OF
336 8 11¥
00 2560F
337 8 11F
o 00 2560F
338 80 OF
00 OF
339 - 00 OF
' : 00 ThiF
340 %0 OF
00 OF
341 00 128r
00 128F
3h2 00 OF
00 OF
343 80 oF
’ 00 OF
3h ko 1F
o 50 COF
35 | K2 9IF
50 OF
346 Ml 127
50 OF |
34T 22 T2F ' :
ko oF | S |
%48 8 or o S
e

M 20



LOCATION | ORDER BOX ¥O. 'NOTES PAGE 15
349 00 128F
o 00 OF
350 50 OF
26 hoky
351 00 OF
00 CF |
352 TL 4O95F 1.2
LL 4095F '
353 00 OF
' 00 OF
354 00 OF
. 00 100F
- 355 00 OF -
| 00 3F
356 (R1) ooK
365 (¥12) 00K} |
Program starts here
Lol k1 oF o
, b1 107
- ho5 L1 hp
. ' 22 LO6F
406 50 8T0F
50 LOGF
ko7 26 365F Read im the first row imte locaticms
L5 386F 870 - 870+n-1. _
408 k6 350F 870 + n in locatiom (N12) + 21.
LO 3M1F o
ko9 k6 3hoF Set the test constants depemdest om m.
10 20F |
k1o he 3R
ko 3heF
k11, L4 3F

k2 34oF

M 20



LOCATION | ORDER | BOX NO. NOTES PAGE 16
k12 k2 3hi5R
| LO 3k1F
k13 LO 339F
L2 3L8F
hik FO 335F
k2 3hzp
415 k2 333F
FO 335F
h16 o ko
L5 Lu6F and arrange for program to skip this im future
k17 50 LOTF o o
15 4F ’
418 k2 koow
¥5 LF
k19 Jo 870F Store using drum subroutine
50 419F " '
L20 26 555F
00 OF
ko1 15 MATF
Lo hoky
Lop 15 LoéF
L6 kozp ,
k23 50 OF Sum squares, taking twice the sum of the eff
46 Lok disgonal elements.
kok 75 OF
00 OF .
k25 4 9F
ho oF
bo6 36 hoTF Stop if merm exceeds 1.
FF 55F
o7 85 OF
Ik 1OF
428 10 39F

ko oF

M 20



LOCATION | ORDER | BOX NO. NoTES PAGE 17
k29 LT OF
14 9F
- 430 ko oF
S5 OF
k=x ko lQF :
‘ L5 Lu8F
4z Lo houy
L5 h23F
L33 Lh hhsF
. hé ho3F
b3k 1O 350F
36 L36F
435 15 ha3F
26 ho3F
L36 ko 10F
| 15 hooF Increase addresses and test.
337 Ik bsE ‘ |
ke hoey
428 F5 4F
hp hy
439 LO 3k3F
32 Lo6F
4o 15 bh3F Reset routine
ho LhoTr
hhy 15 MihF
ko koo
Lo hy oF
26 khop
43 26 365F Comstants
L5 386r
by 50 8T70F
50 L4O6F
ki 00 1F

oc oF

M 20



LOCATION | ORDER BOX MO NOTES mAGE 18
Lh6 26 365F
22 W1TF
kb7 5 OF
26 hasy
F L] 75 OF
00 1F _ |
kg L5 9F Compute square root of sum or squares.
50 hhow ‘
50 26 356F Jacobi reduction
ko 353F
51 15 9F
Lo 351F
k52 43 554F 1 i=0
15 554F k=1
5% k2 L68F 3 Set drum subroutine emtries
42 WT5F N
L5k k2 sh3p
k2 s5h8F
455 F5 S5MF b i=1+l
k2 55k
456 L0 342F 5 I =n1t
36 63F ;
- 57 L5 339F 6 Set i dependent addresses
Lh 55kF
158 ko W76F
Ih Zh1F
k59 h2 WTIF
k2 3kbp
L60 00 20F
k6 shiw
461 5 WT6F |
00 20F |
462 k6 53K

k6 535F

M 20



LOCATION | ORDER | BOX XO.
463 46 ShoF
6 516F
L6k L 341F
k6 539F
465 k6 536F
k6 s15F
k66 F5 55WF | 7 J =141
ko m52F
ko7 50 TheF |
50 46TF | . .
k68 26 555F | Bater drum subroutine to read i+l th row.
00 or o | |
k6o ¥5 339F 8  Set ] depemdemt address
Lk 552F B ‘
k70 k2 51hy
: ke 533F
k71 ke 538F
Lh 3hiF
kT2 ko =i5F
k2 537F
k73 k2 shorF
F5 552¥ 9
hrh 50 8TOF
1 50 b7k
ks 26
00 OF
476 k1 orF
. 5 or
T | ko
' 15 OF
kT8 40 k¥
.3 Al-!’k - 1l ‘1,3-&1 =N v
k9 36 SkhF '
LT 3F 10 |a | t

Lyl 2 By 0



13 5F

LOCATION | ORDER | BOK NO. NOTES | PAGE 20
480 12 kr '
36 506F
481 50 3¥ 13 Interchange roles of c amd & amd positioms
i if) z;: of ai,;-c-l and ‘i,;-;-l
85 OF
483 ko WF
L5 551F
484 k2 4oTF
b6 SOhF
l W85 50 335F 1k Calculste c amd 8
15 bF |
186 66 3F
85 OF
487 ko 5F
TJ 5F
488 10 1IF
ho 1¥
489 L3 1F
36 505F
k9o I.J 1F
Lo 1F
Lol 50 335F
6L 1F
kge K5 OF
3k hokr
493 26 505F
| 00 OF
Lol 85 OF
50 Lok
kg5 26 356F
ho 1F
k96 50 1F

M 20



PAGE 21 |

LOCATTON | ORDER | BOX NO. NOTES
ko7 ko OF
ko oF
498 50 OF
79 OF
kg9 4o OF
500 791F |
| 1o03%8F|
501 ° Ih OF
50 335F |
502 66 1F |
: 85 OF |
503 10 1F
14 1F
sob | ko OF
22 51LF
505 15 338F
C 22 ho5F ,
506 Lo 1F 12 lai,jq-ll = ]ai,i+l! ?
L3 1F ,
507 36 S09F
26 508F
508 15 550F
26 LBLF
209 15 5F 15 8,04l T 24,441 7
14 LF .
510 40 OF
L5 553F 1
511 40 5F 16 c=s5=2"2
ko 6F
512 L3 OF
32 BS13F
513 22 51h4F 1
Ll 553F 17 c =g =22

M 20



LOCATION

BOX NO»

ORDER NOTES PAGE 22
514 ko 6F
15 OF
515 4o OF
15 oF
516 14 OF
ko OF
517 L5 34kF
ko mo6R| 18 p=1i
518 ke 530F 19 Set p dependent addresses
ho SokF |
519 LO 341F
ko Spgm
520 00 20F
46 528F
521 L6 523F
_ LO 340F |
522 36 5%2F 22 p =B+l ?
26 523F
523 50 OF 20 Rotate metrix, multiplication loop
73 6F '
52l o 1F
50 OF
525 s 5F
| 10 1F
526 ko IF
. 50 OF
527 73 6F
ho 2¥
528 50 OF
T 5F
529 Lk 2F
| 0 OF
530 15 1F

ko OF

M 20



BOX MO.

"PAGE 23 M 2C

50 S4TF

LOCATION | ORDER NOTES
531 ¥5 526F 21 P = ptl
22 517F
532 50 OF 23
7J 5F
533 ko 1F
- 50 OF
53k 73 &F
Ik 1F
535 ko o
. 50 5F
- 536 7J OF
10 1F
537 50 6F
73 OF
538 | Lk 1F
- ho OF
539 ko oF
15 OF
5ho 10 OF
. %o o
5h1 hror | ,
S 552 24 Store j+1 th row pm drim
sk J0 87OF
50 SMEF
543 26 S555F
T 00 OF
Shit F5 5%F 25 J=51
' k2 B82F .
545 1O 343F| 26 j=nt
] %6 ko
546 F5 S54F
22 ShTF|
547 Jo TheF | 27 Store i+l th.on drum




"~ NOTES

LOCATION ORDER BOX NO. PAGE 2k
548 26 555F
00 OF
549 22 h52F
00 OF
550 00 5F Constants
00 6F
551 00 6F
00 5F
552 00 OF
00 OF
553 5K 208TF
99 2557F
554 00 OF
00 OF
555 4o 1F Start of drum subroutine
K5 5F
556 Lp s6LF i) Store i, g+l and y
10 20F
557 ke oF 76 Read or write ?
32 658F
558 F5 62Ly 77 Store address of basic read order
Lp 568F
559 k2 589F
hp 506F
560 2 60TF
L5 623F 78 A=A
561 ko 618F
ko 610F
562 L4 555F
ho 6217
563 Fit 555F
ko 620F
564 41 oF 81 Form addresses for read (write) loops

15 OF

M 20



LOCATION | ORDER BOX NO. NOTES PAGE 25
565 42 OF
F5 564F
566 Lo 6h1F
50 1F
567 T5 334F
g5 636F
568 Lo 3F
L5 OF
569 LO 334F
L4 oF
570 L4 3F
Lo 625F
571 4o 643F
L4 2F
572 Lk OF
ko 626F
573 ho bhoF
L5 333F
574 Lk oF
k2 613F
575 k2 614F
ko 615F
576 ko 616F
L5 2F
57T Lk 1F
FO 335F
578 ho 611F
ho 612F
579 ko 631F
Lo 6L7E
580 h2 637F

42 653F

M 20



85 6U1F

LOCATION | ORDER  |BOX NO. NOTES PAUE 26
581 Ll 1F 83 1>651?
Ll 33hF
582 32 605F
L5 2F 85 Form addresses for redd (write) loops
583 Lk 334F M=k
k2 611F
581 k2 612F
- 42 631F
585 L2 ehtr
L5 63TF
586 k2 613F
b2 G1L4F
587 L5 620F
k2 650F
588 L5 567TF
| hp 633F
589 L5 3F
Lk OF
590 Lk 1F
: 10 619F
591 40 636F
: Lo 654F
592 L5 OF 86 k> 65
LO 334F
593 36 603F
‘ L5 618F 88. Ay = Ay
594 k2 602F :dz é;b
: L5 617F
595 46 597F
k6 601F
596 50 334F 89 Construct addresses
_ L5 OF ’
597 T4 OF

| M20



LOCATION | ORDER BOX NO. NOTES | PAGE 27
598 L4 338F
Lk 1F
599 | Lo 66TF
40 630F
600 40 648F
L5 2F
601 Lk OF
42 631F.
602 42 6UTF
26 OF
‘605 Ls 621F | 87 Ay=X, T=k
k2 6027 -
60k b7 597F
47 60LF
605 26 596F
L5 59TF 84 M= 2_\2
606 42 633F ‘
L2 Es0F
607 L5 3F
, L4 oF
608 L4 1F
| FO 33LF
609 40 630F
| 4O 648F
610 - 22 610F
' 26 OF
611 K2 626F Test constants used in boxes 93, 97, 101,
Lo OF 9%', 97', and 101'.
612 K 642F '
L5 OF
613 22 631F
Lo OF
614 22 64TF

LS OF

M 20



LOCATION | ORDER BOX NO. . PAGE 28
615 K2 63TF
Lo OF
616 K2 653F
L5 OF
617 00 334F Constants
_ 00 OF
618 00 OF
00 OF
619 00 OF
01 258p
620 00 OF
00 OF
621 00 OF
00 OF
622 00 OF
- 00 625F
623 00 OF
00 64oF
62k 00 OF
: 00 336F
625 00 OF 91
| 00 OF
626 22 626F 90!
ho oF .
627 F5 625F 92°
4o 625F
628 F5 626F Read loops
ko 626F
629 LO 611F 93!
36 625F
630 00 OF %5t
00 OF
631 22 631F 9l

4o OF

M 20



PAGE 29

LOCATION | ORDER BOX NO- NOTES
632 F5 631F 9
Lo 631F
633 - LO 613F 97"
36 OF
63k 15 630F
. L4 334F
635 ko 630F
' 26 630F
636 00 OF 99°
00 OF
637 22 63TF 98"
40 OF
638 F5 6%6F | 100
. 4o 636F '
639 . F5 637F
L2 637F
640 LO 615F 101°
| 36 636F
6h41 22 6L1F 102
26 OF |
62 22 62 | 90
15 OF o
6h3 00 OF 91
00 OF o |
6Ll P 6isp | 9 Write loeps
- Lo 643F
6k45 F5 6h2F
Lz GuF
646 10 612F 93
| 3 GhoF
6LT 22 64TF ol
L5 OF
648 00 OF 95

00 OF

S

M 20



~ CRDER

LOCATION BOX NO. NOTES M 20
649 F5 GWTF %
. b2 6hTF S
650 LO 614F 97
' %2 OF
651 - 15 648F ﬂ
Ik 334F
652 4O 648F |
| 22 64TF
653 22 653F 98
, 15 OF ‘
654 00 OF 29
| 00 OF :
655 F5 654F 100 -
‘ | Lo 654F ‘
656 F5 6535F |
. L2 653F |
657 LO 616F 101
32 653F
658 22 6hYF _
L5 €R4F 79 Store address of basic write order
659 k2 568F '
Lp 589F
660 k2 596F
ko 607F
661 L5 622F 80 A=A
: 26 561F
662 K2 78F Test constant used in read back of Jacobi form
Lo 6368
663 F5 3%6F Reset same after 130 elements have been read,
Fi 3%5p and adjust test const so this block is disobeyed
664 Lo 71F in future.
F5 T1F
665 ko 77F

L5 668F

~ PAGE 30




ORDER

LOCATION BOX NO. NOTES PAGE 31
666 ko 662F |
26 TIF
667 00 F
01 193F
668 00 F
or
00 800K Sum check on Routine. If it is to be
‘ modified, delete from here on. :
800 8L 4oF B
2r
801 Lo F
L3 F
802 34 LTF
| FF S4F
26 B0OOR

58 TS4INLAN

Sum check const.

M 20
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