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_ Abstract

In order to solve a highly indeterminate rigid frame structure by the
method of slope deflection a high order stiffness matrix needs to be in-
verted. Existing computer programs for the IBM Type 650 Computer are
entirely too time consuming when the matrix coefficients and program
instructions exceed the storage capacity of the computer drum. The
method described in this paper involves the solution of the problem by
the inversion of a partitioned matrix originally described by Duncan,
Prazer, and Collar. Machine time was reduced by 91% using the new
method. The program retains accuracy of six significant figures for a
matrix normally twice as large as a machine can handle at one time,
and four plus significant figures if the matrix is four times as large as
the computer can handle in one storage operation. The method can be
applied to digital computers of any size, thus increasing their apparent
storage capacity or decreasing their operating time for a matrix inversion.
The method is applicable to symmetrical as well as unsymmetrical matrices.
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5III.INTRODUCTION

Since the analysis of a highly indeterminate structure requires the
solution of a large number of simultaneous equations, conventional meth-
ods of solution become quite uneconomical because of the time required.

The equations employed in the solution of an indeterminate struc-
tural problem may be formed by the method of slope deflection equations,
the method of three moments, or the method of moment distribution. Solu-
tion by slope deflection equations is the most commonly used method. Re-
gardless of the method employed, the resulting simultaneous linear equations
can be expres sed in matrix form. Determining the solution of these matrix
equations requires the inversion of matrices.

In the field of structures Benscoter,(l)in 1947, discussed the solu-
tion of continuous beams by matrix analysis and Chen (2) mentioned the
use of matrix analysis in solving pin-connected structures. Murden, (3)

in 1951, wrote his graduate thesis on the matrix analysis of rectangular
rigid frames.

Regardless of the procedure used, matrix inversion is a time-con-
suming process when the conventional methods of solution are employed.
More rapid routines for inversion are essential for matrix methods to be
feasible.

In modern times matrix inversion has been facilitated by the use
of high speed digital computers. These computers, most of which have a
medium storage capacity, are immediately available in many areas. I-Iigh
speed digital computers having larger storage capacities are fewer in
number and the rental rate is considerably higher than that for medium
storage computers.

Matrix inversion programs have been written for both medium stor-
age and large storage computers. Sweeney, (4) in 1955, wrote a small scale
matrix inversion program for the type 650 IBM medium storage digital com-·
puter. Quite often, however, the matrix to be inverted is too large for the

storage capacity of the digital computer and a procedure of reloading the
computer numerous times, requiring much card—hand1ing_, is necessary. A
program for inverting "large" matrices was written for the type 650 IBM

)
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computer by Ayres(5). In his program the inverse solution was obtained
after reloading th.e machine "n" times where "n" is the order of the matrix
to be inverted. This reloading procedure for "large" matrices is
extremelytime-consumingand is in no way proportional to the time required to solve '

smaller matrices. The author uses the adjective " large" to indicate a
ma-trixtoo large to be completely stored in a computer as compared with smaller
matrices which may be handled in one storage or loading operation.

The purpose of the present thesis is to present computer programs
for the type 650 IBM digital computer which may be used to determine the
inverse of " large" matrices and which will be considerably less time-con-
suming than present computer programs. Computing the inverse of the
larger matrix was accomplished by partitioning the matrix into smaller
matrices. The smaller matrices were operated upon to give the desired
inverted matrix.

The problem used to illustrate the method was the analysis of the
structural framing of the proposed William Penn Office Building to be
erected in Pittsburgh, Pennsylvania. The framing was analyzed by means
of the slope deflection equations expressed in matrix notation.

The author feels that not only structural engineers but also anyone
else desiring the inverse of matrices previously too large to be solved I
economically, in terms of time, will benefit by the programs included in
this thesis. To make use of this inversion program, it is only necessary
to learn a few simple fundamentals of matrix algebra and the type 650 IBM
digital computer operation. The programs were written for the type 650

IBM computer. The same principles would apply to other medium storage
computers, however. The matrix algebra fundamentals are thoroughly
discussed in such texts as that of Frazer, Duncan and Collar (6). The
computer operation is described in the IBM manual of operat;ion for the
650 magnetic drum data processing machinew).

I
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IV. REVIEW OF LITERATURE

Both Benscoteru) and Chen(2) discussed matrix analysis as a
method of solving indeterminate structures. They used the classical
method of inversion by determining the adjoint of the matrix and dividing
by the determinate. Benscoter (1) and Chen(2) both concluded that ma-
trix inversion was too time—consuming unless the number of loadings
exceeded the number of redundants in the structural anal.ysis.

Murden(3) investigated the feasibility and comparative useful-
V ness of approximate as well as of direct methods of inversion in ana-

lyzing various plane rigid structures. In his discussion he correlated
the inversion methods of Dwyer (8) and. of Zurmuhl(9) with the method
of partitioning developed by Frazer, Duncan and Collar (6) for frames of
different construction and loadings to arrive at the most satisfactory com-
binations of inversion routines and structural problems in terms of solu-
tiontime.

I
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VI. THE INVESTIGATION

A. Object of the Investigation

When inverting a matrix on a type 650 IBM digital computer, a
difficulty which may be encountered is that of having to invert a matrix
whose order prevents storing all th.e elements of the matrix on the drum
or memory unit of the computer because of its limited storage capacity.

The author had access to a type 650 IBM digital computer and
an IBM computer program (4) for inverting any square matrix of order
equal to or less than 42. A 42 x 42 matrix occupies 1764 of the 2000
possible drum storage locations. The remaining locations are used to
store the inversion program instructions.

In writing the slope deflection equations for the frame analysis
of the William Penn Insurance Building, the coefficients of the redundants
formed a stiffness matrix of order 64. To solve this matrix in one loading
on a digital computer would require 4096 storage locations which, of
course, are not available. The large scale matrix inversion program writ-
ten by Ayres (5) could have been used for inverting this matrix, but it
would have required 64 separate machine loadings and a computer solution
time of approximately 44 hours.

A partitioned matrix would reduce the order of the matrices to be Noperated on to a size which. could be placed on the storage drum.
Thisinvestigationwas, therefore, centered on writing the necessary computer
programswhich would enable the author to obtain the inversion of "large"
matrices through matrix partitioning and thereby reduce the time for com-
puter solution.

The usefulness of this inversion procedure was shown by inverting
the aforementioned stiffness matrix of order 64 in less than one—tenth of
the time required by previous methods (5).

1



- g ..

B. Development of the Slope Deflection Equations in Matrix Form

Any text on statically indeterminate stru.ctures will contain the
derivation of the scalar slope deflection equations. The present thesis
will not include the development of these equations.

4

In the analysis of a rigid framed structure slope deflection equa-
tions for each structural joint combined with the equations of statics yield
expressions containing the angular rotations, Gi, and the story sidesways,
Ri, of each of the joints as the redundants. The equations may be writ-
ten in the matrix form P} where[Aiilis termed the "stiffness
matrix" and is equal to the coefficients of the redundants, . These co-
efficients depend entirely on the structural properties of the members com-
prising the rigid frame. The equations are equated to the applied loading
which is present in the form of "Fixed End Moments". The structure to be
analyzed appears in Figure l with the relative stiffnesses of each of the
members shown and each joint numbered for the purpose of matrix corre-
lation.

Table l of Appendix I, Section XI lists the equations obtained using
the method of slope deflection combined with the equations of statics. In
these equations the positive sign convention is a clockwise rotation, Gi,

of the joints and a similar relative story sidesway, Ri, to the right. On the
right hand side of each of these equations two loadings are listed, one
corresponding to a dead load plus live load, and the other corresponding to
a wind load. Figure 2 shows the position of the elements of the stiffness
matrix formed by the coefficients of the redundants. A frame whose members
are symmetrical with respect to a vertical axis subjected to a symmetrical
vertical loading will not sway. If, however, the loading on the frame is
unsymmetrical with respect to any vertical axis, the frame will sway. Such
is the case of the structure being analyzed as evidenced by the structural
framing between the third and fourth floors. This condition introduces the
sidesway redundants, Ri, into th.e matrix equations. In the matrix equation,
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9192
:IP], , the redundant matrix : T where 91, 92, ---944R1R6

R39
-—- 944 represent the joint rotations and R1, R3, --- R39 represent the
sidesways of each. floor and of the joints 1 and 2, 3 and 4, -·——— 39 and 40,
respectively, of the structural frame.

C. Inversion by Partitioning

Inversion of matrices as described by Frazer, Duncan and Collar (6)
is accomplished by partitioning the given stiffness matrix A of order "n" as
followsz I

911 I 912
r,r I r, s[A]: ———I———- wherer+s=n ............. (1)921 I °22
S} r I S, S

Similarly, partition
I R12

r r r s-
’ I. ’

B = “ " “ "............. 2[ 1 B21 I 923 ( )
s,r I s, s

Since [B] [A] = [In

(4)
@21 @11 +-@2äIé2] =I0;I ............. (6)

(6)
Introduce (7)

IYI 6 IQZI IQII ‘1 .............. (6)
I;<1>jI = Iazä - [121I IX] .............. (9)



..Then

(10)
[Bl;) = - x][<1>]’l ........... (11)
[sz] = - [<1>]°l [Y] ........... (12)

(13)
"Thus [B]is completely determined if [Glg _1 and[<I>]_l exist.

These will exist if the matrix[A]is non—singular, and if has no zero
elements in the principal diagonal. The stiffness matrix always meets
these requirements". (3)

D. Type 650 IBM Computer Programs Discussed

To obtain the desired inverted stiffness matrix by partitioning
the original matrix, the basic operations of matrix addition, matrix
subtraction, matrix multiplication and matrix inversion were performed.
During this procedure, whether the operation to be performed was the
addition, subtraction, or multiplication of two matrices, one of the
matrices was a "pre" matrix and the other a "post" matrix.

To perform any operation the matrices had to be introduced into
the computer in a " pre" or "post" input form to comply with the opera-
tion. The " pre" and "post" loading forms are the same for all operations.

For each of the operations of addition, subtraction and multipli-
cation of matrices, two computer programs were available, one of the
programs left the operation answer (output) in post-input form and the
other left the operation answer (output) in pre-input form. The input
form needed to initiate the next operation governed the choice of pro-
gram. _

For example, to find the value of [A]x x [C] , matrix [A],
a prematrix,_when multiplied by matrix [B], a postmatrix in the opera-
tion [A] x [B] = [K], must use the multiplication program which leaves
the answer [K] in preload form since it is a prematrix in the operation

[K] x [C] x [B]x'
To invert a matrix the input had to be in post-input form. The

output (the inverted matrix) of this operation was also in post-input form.

1
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Since the inverted matrix was needed in pre-input form for some opera-
tions, a converter program was used which changed post—input answers
into pre—input form.

In order that the inverse of a large matrix could be programmed
by means of a partitioned matrix, the author wrote three programs and
modified three programs. The programs written were for small scale
matrix addition, small scale matrix subtraction and a converter program
(mentioned previously) for converting the post-input answers to pre-input
answers.

With the exception of the converter program, all operation answers
were in post-input form. Therefore, the addition, subtraction, and multi-
plication programs were all modified to give three additional programs
whose operations left their answers in pre—input form.

To use the above programs to find the inverse of a partitioned
matrix, the order of any submatrix must not exceed 4l. This requirement
restricts the order of a matrix which may be partitioned once to 82. The
inversion procedure is accomplished in less time if the submatrices of
the partitioned matrix are of equal order.

E,. The Stiffness Matrix Inverted and Checked

The inversion of the stiffness matrix to be used in the analysis
of the framing of the William Penn Insurance Building requires that the
matrix be partitioned into submatrices, where [A] = :111 { o.12

921: azz

The submatrices chosen for this analysis are illustrated in Figure 2.
Matrix equations (7), (8), and (9) are the first steps involving the

four submatrices. To perform these operations, submatrices [G11] and [:112]
were punched on IBM loading cards in post—input form as shown in Tables
2 and 3 of Appendix I. [ggg and @22] were punched on loading cards in pre-
input form as shown in Tables 4 and 5 of Appendix I. , [YJ and

[I/j{ are shown in Tables 6., 7, 8, and 9 of Appendix I, respectively. The

1
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1
submatrices and ßögg] obtained from equations 1
(10), (11), (12), and (13), respectively, which comprise the inverse of
the original stiffness matrix [A *1are listed in Tables 10, ll, 12, and 13
of Appendix I, respectively, The programs used in this inversion routine
are found in the Appendices in Tables A through H.

To insure that the inverse, 111]*, of the original stiffness matrix,[A-1, had been obtained, the matrix equations (5) and (6) ofl BMA] :1111]
werte solved and the results appear in Tables 14 and 1.5 of Appendix I,
respectively. Equations (3) and (4) were not used because satisfactory
results of equations (5) and (6) insured that all steps in the procedure
had been operated upon correctly.

F. Solving for Redundants

Having solved for the inverted stiffness matrix, [ATI, the equa-
tion P] P] was used to determine the redundants
91 öfld Ri.

Since the inverted matrix
A]_l

= 1 B:1 was previously determined
P11 I P12in partitioned form where [B] = —- — l — — the redundants, , I

1 @22]
_ could not be readily found by multiplying the loading matrix, [P] , by the

matrix inverse [A Tl = [B] because of the unrelated n_ature of the input
of each of the submatrices, To obtain theredundants, , the load ma-
trix, {P listed in Table 16 of Appendix I waspartitioned into [P1] and

P1 ,
[PZ] where[P :1: and multiplied by the already partitioned matrix

s, 1 _
inverse to give [B11] LPI] [Fg] = and [pg;] [P1] + lßgä LPg]
= [ir In these equations, P

1
1
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91 92992 930

. 944~I/1 = . and [W2] = R1 _ and are listed in Table 17

. R3

928 R69
of Appendix I.

The accuracy of these results was checked by multiplying the
matrix, [A] *1111 , by the original matrix, [A], to obtain the
loading matrix, [P3}, These results were subtracted from the original
load matrix. The absolute differences (errors) are listed with the
original load matrix, {PII, in Table 16 of Appendix I.
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V1. RESULTS

B11 1 P12
. . -1 r, r r, s . .The inverted matrix 11311 = — — 1- — 1S listed inß2l 1 Paz

S3 I1
1

S, S

partitioned form in Tables 10 through 13 of Appendix I. The redundants,

111/1 , are listed in Table 17 of Appendix I.
The accuracy obtained in computing the inverse matrix was

shown by the results of Equations (5) and (6). These results are
listed in Tables 14 and 15 of Appendix I and show an accuracy of at
least 6 significant figures.

The time required for the solution of each operation used in
obtaining the inverse of the 64 x 64 stiffness matrix is presented below.

Program Operation Time in Minutes

Inversion [ülg to @111 -1 26
Converter 13.11-1 1to EQ] n1 4

st pre
Multiplication 1x1 21
Multiplication 23
Subtraction 6
Converter Xjpostto Üpm 5
Inversion

1
to 66

Converter 1€1>1pOStto 1<1>1p;€ 5
Multiplication [Y1 = 1111 -1

11121 19
Multiplication — $12 = 1_X11<I>1_l 28
Multiplication - @21- :1 '1 1Y1 29
Multiplication 24Addition 11311 = 1111 +1x11<I>1 *1161 4

Total . . . 250

Using the results of this investigation and the solution times
indicated in the computer programs, the approximate times required to

1 I
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invert matrices of order greater than 82 are listed below. This listing
compares the solution times of theprograms described in this thesis
with the solution times required by other large scale inversion programs(5).

Approximate Solution Times and Accuracy

Matrix Order Ayres' Program Author's Program
Time in Time in Accuracy in
Hours Hours Significant Figures

+82 92 5 6
164 735 35 4 +
328 5840 245 2 +

I
I
I
I
I



VII. DISCUSSION OF RESULTS AND CONCLUSIONS

The inversion of large order matrices by partitioning has hereto-
fore been impractical because of the time required. Results of this
investigation, however, indicate an accurate, time—saving procedure
for inverting the 64 x 64 stiffness matrix. The computer running time
was reduced from approximately 44 hours, using present matrix inver—
sion programs (5), to slightly more than 4 hours using the inversion
program described in this thesis.

Even though the partitioning program requires several operations,
the results obtained were accurate to 6+ significant figures.

It is evident from studying the data that beginning with a matrix
of order 82, accuracy of no more than 2 significant figures will be lost
each time the order of the matrix is doubled. Therefore, the inverse of
a matrix whose order is 328 will be accurate to älgiit 2 significant
figures.

In view of the accuracy of the solution and the relative speed
with which it was obtained, it may be concluded that these methods
will greatly extend the usefulness of the medium capacity computer
for matrix solutions.

l
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MATRIX INVERSION
IBM 650 PROGRAM

D. W. Sweeney

FUNOTION: This program will invert matrices of order less than or
equal to 42.

GENERAL COMMENTS The program is optimum coded, incorporating
its own floating point routine, with eight place accuracy
in the input, ou.tput and intermediate calculations.
Matrix inversion alone is executed in approximately . 072n3
seconds, but this timing esti.mate does not include input
and output.
The floating point routine cannot he used for any other
calculations. The inversion program is destroyed after
use and must be reloaded for each new inversion.

STORAGE: Locations 1764 to 1999 are used for instructions, constants
and temporary storage. Also (gn + h + 1) locations, directly
following the 1.ast element of the input; matrix, are used for
erasable storage. (For examp.le: A 42 x 42 matrix occupies
locations 0000-1763. The erasahle storage this case
consists of drum locations 1764-1805. )

INPUT: The matrix is punch row—-·wise seven elements per card, wit.h
drum location 0000 the loading address of the first element
of the first row. The terms of the lo column vectors of right
hand sides (if any) corresponding to each row of the matrix
are punched sequentially fol.lowing each row, with their
signs unchanged. The card format for the input is as followsz
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DECK ARRANGEME NT: _
1. 024 deck 00-36 (self—loading Inversion Program)
2. Matrix to be inverted.
3. Starting Control Card (See "Control Cards")
4. 024 deck 37-45 (Self-loading pu.nching program)
5. Punch Control Card (See "Control. Cards")
6. 024 deck 46-48 (Blank cards)

CONTROL PANEL:
The Control Panel for the type 533 is wired to read load cards
specified by a 12 punch in column 1, to read columns 1-80 of
the starting card., and to punch eight 10 digit words and signs
from Storage exit words 1-8 to the 80 card columns. A 12 is
wired to overpunch in column 1, and RSU, PSU, R + and P ~I~
are wired.

OPERATING NOTES:
1. Press computer reset.
Z. Set console switches at 70 1951 XIXPOC, error stop and over-

flow stop.
3. Place deck in read hopper and blank cards in punch hopper

and ready both.
4. Press start on console.

OUTPUT:
The output cards will be punched row-wise seven elements per
card in the same card form as the input cards starting at loca-
tion zero. The terms of the b column vectors of unknowns (if
any) corresponding to each row of the inverse are punched
sequentially preceding each inverse row.

I
I
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MATRIX INVERSION PROGRAM I

Location of Operation Operation Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

Initial Set-—Up

1798 RAL 65 1951 1805
1805 SLT 35 0002 1772 -
1772 STU 21 1977 1780
1780 SLT 35 0002 1789
1789 LD 69 1907 1766
1766 STDA 22 1907 1769
1769 LD 69 1969 1776
1776 STDA 22 1992 1797
1797 LD 69 1908 1784
1784 STDA 22 1908 1796
1796 LD 69 1950 1966
1966 STDA 22 1950 1803
1803 STL 20 1959 1915
1915 AL 15 1766 1785
1785 STD 24 1983 1786
1786 STD 24 1994 1801
1801 LD 69 1962 1968
1968 STDA Z2 1962 1800
1800 RAU 60 1.959 1764
1764 MPY 19 1977 1781.
1781 SL 16 1959 1790
1790 LD 69 1782 1791
1791 STDA 22 1954 1770
1770 AL 24 1959 1804
1804 LD 69 1965 1775
1775 STDA 22 1965 1787
1787 LD 69 1969 1793
1793 STDA 2.2 1996 1799
1799 STD 24 1969 1802 I

I
I
I
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Location of Operation Operation Data Instruction
6

Instruction Abbreviation O ode Addre s s Addre s s

1802 LD 69 1975 1795
1795 STDA 22 1975 1779
1779 AL 15 1983 1788
1788 LD 69 1961 1774
1774 STIMA 22 1997 1794
1794 AL 15 1959 1900
1900 SL 16 1983 1765
1765 LD 69 1974 1771
1771 STDA 22 1974 1778
1778 STD 24 1989 1793
1792 LD 69 1975 1948
1948 STDA 22 1953 1806
1806 LD 69 1961 1916
1916 STDA 22 1961 1783
1783 LL) 69 1841 1777
1777 STD 24 1980 1767
1767 LD 69 1970 1773
1773 STD 24 1985 1917
1917 RAU' 60 1911 1964
1964 STDA 22 1978 1827
1827 LD 69 1836 1973
1973 STD 24 1999 1908

Invert Matri.x
1908 LD 69 9999 1972
1972 STD 24 1999 1946
1946 LD 69 1949 19071
1907 STD 24 9999 1945
1945 RAL 66 0000 1940
1940 SLT 35 0002 1899
1899 STL 20 1955 1858
1858 STU 21 1966 1920
1920 RAL 66 1973 1912
1912 AU' 10 1965 1929 1

111
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-Locationof Operation Operation Data Instruction I
Instruction Abbreviation Oode Address Address

1929 AU 10 1983 1938
1938 AL 15 8001 1895
1895 STU 21 1900 1906
1906 STL 20 1911 8001
1911 RAL 66 9999 1918
1918 SLT 35 0002 1976
1976 STL 20 1988 1942
1942 RAABL 67 8003 1910
1910 SABL 18 1966 1925
1925 AL 15 1928 1909
1909 STL 20 1964 1867
1867 SL I 16 1970 1875
1875 STL 20 1979 1933
1933 RAU 60 1988 1944
1944 SRT 30 0001 1902
1902 DIVRU 64 1955 1883
1883 SRD 31 0001 1890
1890 SLT 35 0002 1898
1898 BRNZU 44 1852 1924
1852 SRT 30 0001 1860
1860 LD 69 1964 1932
1924 LD 69 1979 1932
1932 BRMIN 46 1885 1936
1885 SU 11 8001 1943
1936 AU 10 8001 1943
1943 SRT 30 0002 1900
1900 STL 20 9999 1886
1886 RSU 61 1989 1896
1896 AU 10 1900 1857
1857 AL 15 1911 1865
1865 BRNZU 44 1870 1859
1870 AU 10 1974 1929 p
1859 RAL 66 1962 1868 I

I
I
I
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Location of Operation Operation Data Instruction
Instruction Abbreviation O ode Addres s Addres s

1868 LD 69 1971 1874
1874 STD 24 1927 1881
1881 STL 20 1836 1889
1889 RAU 60 1992 1947
1947 AL 15 1950 1856
1856 AU 10 1959 1963
1963 AL 15 8001 1871
1871 STU 21 1926 1879
1879 STL 20 1834 1887
1887 RSL 66 1990 1845
1845 SLT 35 0002 1807
1808 STL 20 1964 1825
1825 STU 21 1991 1926
1926 RAL 66 9999 1937
1937 STD 24 1990 1834
1834 STU 21 9999 1922
1922 RAL 66 1975 1829
1829 AL 15 1983 1837
1837 STL 20 1892 8001
1892 RAL 65 9999 1862
1862 SLT 35 0002 1919
1919 STL 20 1973 1830
1830 RAABL 67 8003 1838
1838 AABL 17 1991 1846
1846 SL 16 1999 1903
1903 STL 20 1958 1861
1861 RAU 60 1964 1869
1869 MPY 19 1973 1876
1876 STU 21 1981 1836
1836 RAL 66 19999 1812
1812 SLT 35 0002 1819
1819 STL 20 1973 1934 1
1934 STD 24 1988 1842 1

1
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Location of Operation Operation Data Instruction
Instruction Abbreviation Oode Address Address I

1842 RAABL 67 8003 1849 I
1849 STL 20 1953 1855

„ 1855 SL 16 1958 1813 I1813 BRNZ 45 1816 1826
1826 RAL 66 1981 1935
1935 AL 15 1988 1843
1816 SLT 35 0002 1877
1877 LD 69 1980 1833
1833 STDA 22 1841 1844
1844 BRMIN 46 1847 1848
1847 SLT 35 0005 1809
1809 BRNZU 44 1822 1820
1822 RAL 66 1981 1843
1820 RAL 66 1973 1878
1878 LD 69 1981 1841
1848 LD 69 1952 1905
1905 STD 24 1958 1811
1811 SLT 35 0005 1823
1823 BRNZU 44 1882 1828
1882 RAL 66 1988 1843
1828 RAL 66 1981 1835
1835 LD 69 1988 1841
1841 SRT 30 0000 1863
1863 AL 15 8001 1843 I1843 SRD 31 0002 1851 I. 1851 BR NZ 45 1854 1927
1854 RAU 60 8002 1913
1913 SCT 36 0000 18841884 AL 15 8003 1891 I
1891 SU 11 8002 1850 I
1850 BRMIN 46 1853 1904 I1853 AU 10 1958 1814
1814 AU 10 1967 1821
1904 SU 11 1958 1864
1864 SU 11 1967 1821
1821 SRT 30 0002 1927
1927 STL 20 9999 1824
1824 RAU 60 1927 1831
1831 AL 15 1836 1941
1941 AU 10 1994 1914
1914 AL 15 8001 1872
1872 STY 21 1927 1880
1880 STL 20 1836 1939
1939 RAL 66 1892 1897
1897 SL 16 1953 1810 I1810 BRNZ 45 1818 1866 I1818 AL 15 8001 1829
1866 RSU 61 1969 1873

I

I
I
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Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addres s Addre s s

1873 AU 10 1926 1931
1931 AL 15 1834 1839
1839 BRNZU 44 1893 1894
1893 AU 10 1996 1856
1894 RAU 60 1997 1901
1901 AL 15 1954 8003
1808 SU 11 1961 1817

_ _ 1817 BRNZU 44 1921 1923
1921 AU 10 8001 1930
1930 AU 10 1983 1888
1888 AL 15 8001 8003
1923 RAL 66 1977 1832
1832 SL 16 1985 1840
1840 BRNZ 45 1815 8000
1815 STL 20 1977 1908

1
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SMALL SCALE MATRIX MULTIPLICATION

IBM 650 PROGRAM
L. W. Ayres

PURPOSE: This program will multiply an mxn matrix by an nxk matrix to
produce an mxk matrix.

RESTRICTIONS: Let
m = the number of rows in the premultiplier _
n = the number of columns in the premultiplier and the

number of rows in the post—multiplier
k = the number of columns in the post—multiplier

Then
n must be less than or equal to 41
nk must be less than or equal to 1681

There is no restriction on the size of m.INPUT CARD FORM: 4
The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions.

‘

The post—multiplier is punched row—wise in seven—per—card form
to read consecutively into storage units 0000 to nk—l.
Each row of the premultiplier is punched in seven—per—card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n—l.

OUTPUT CARD FORM:
The resulting matrix will be punched out in seven—p.er-card form,
the output data being "2 and 8" floating decimal numbers. It
will be in row order and carry the same storage unit identification
as the "post" matrix.

· TIMING: The time estimate is . 061 mnk seconds (calculation).
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CONTROL CARD FORM:
A. First row control card. Non-load.

Columns
1- 10 6519521921

11 — 14 zeros
15 - 16 k
17 - 24 zeros
25 — 26 n
27 — 30 zeros
Overpunch 12's in columns 10, 20, and 30.

B. "2nd to nth row" control card. Non—load.
Columns
1 — 6 zeros
7 - 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:

A. Card Order
1. Seven—per—card loader (No. 101) modified so that a non-

load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix.
4. First row of " pre" matrix.
5. First row control card.
6. Second row of " pre" matrix.
7. "Znd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row " pre" matrix

in order.
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B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflo/v Switch to STOP
4. Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Re·set and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
1. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire ‘pre'*-matrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.
4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 — 3 for a non-load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 — 8 to the 80 card columns.

l



- 38 -

MATRIX MULTIPLICATION PROGRAM

Location of Operation Operation Data InstructionInstruction Abbreviation Code Address Address

Initial Set-UQ
1951 RAL 66 1952 1921
1921 LD 69 1907 1710
1710 STDA 22 1870 1923
1923 SLT ’ 35 0006 1699
1699 MPY 19 1953 1922
1922 LD 69 1907 1711
1711 STDA 22 1868 1729
1729 SL 16 1735 1945
1945 LD 69 1907 1715
1715 STDA Z2 1907 1730
1730 AL 1.5 1735 1944
1944 SL 16 1952 1712
1712 LD 69 1868 1943
1943 STDA 22 1850 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736
1951 NOOP 00 0000 1736
1736 LD 69 1805 171.3
1713 STD 24 1811 1714
1714 LD 69 1725 1737
1737 STD 24 1893 1811

Multiply — Add Subroutine

1811 RAL 66 1764 1809
1809 SLT 35 0002 1816
1816 STU 21 1820 1823
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Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

Multiply — Add Subroutine

1823 STL 20 1827 1893
1893 RAL 66 0000 1851
1851 SLT 35 0002 1808
1808 STU 21 1.812 1815
1815 RAU 60 8002 1824
1824 MPY 19 1827 1849
1849 BRNZ 45 1.852 1840
1852 STU 21 1806 1859
1859 RAABL 67 1812 1817
1817 AABL 17 1820 1825
1825 STL 20 1829 1832
1832 SABL 18 1837 1741
1741 BRNZ 45 1841 1745
1745 RAL 66 1806 1819
1841 SLT 35 0004 1901
1901 BRMIN 46 1854 1855
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1848 RAL 66 1806 1813
1813 SRD 31 9999 1819
1819 AL 15 1822 1877
1877 BRNZ 4.5 1830 1866
1830 BRNZU 44 1838 1834
1838 SRD 31 0001 1847

n 1847 STL 20 1822 18756
1875 RAABL 67 1837 1845
1845 AL 15 1909 1883
1883 STL 20 1837 1840
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Location. of Operation Operation. Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

Multiply -— Add Subroutine

1834 RAU” 60 8002 1843
1843 SCT 36 0000 1814
1814 STU 21 1822 1925
1925 RSABL 68 8002 1833
1833 AABL 17 1812 1.883
1866 STL 20 1.822 1883
185.5 LD 69 1858 1861
1861 STDA 22 1828 1836
1836 SL 16 .18.39 1844
1844 ÄBRMIN 46 1897 1898
1897 RAL 66 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1806 1911
1911 BRNZ 4.5 1864 1866
1864 BRNZU 44 1867 1869
1867 SRD 31 0001 1846
1846 STL 20 1.822 1826
1826 RAABL 67 1829 1845
1869 RAU 60 8002 1879
1879 SCT 36 0000 1899
1899 STU 21 1822 1876
1876 RSABL 68 8002 1865
1865 AABL 17 1829 1883
1898 LD 69 1806 1918
1918 STD 21 1822 1926
1926 RAL 66 1829 1883
1840 RAU 60 1893 1947
1947 SU 11 18.50 1905
1905 BRMIN 46 1908 1860

1

1
1



.. 41 -

Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

Multiplication Modification

1908 AL 15 1811 1915
1915 AU 10 1868 1873
1873 AL 1.5 1831 1835
1835 STU 21 1893 1856
1856 STL 20 1811 8002
1860 RAL 66 1822 1910
1910 BRNZ 4.5 1727 . 1749
1727 SLT 3.5 0001 1733
1733 .BRNZU 44 1743 1744
1743 SRT 30 0001 1949
1949 BRMIN 46 1702 1703
1702 AU 10 1906 1882
1703 SU 11 1906 1881 ·
1744 BRMIN 46 1747 1948
1747

L
AU 10 1916 1882

1882 SU 11 1837 1892
1948 SU 11 1916 1881
1881 AU 10 1837 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1888 RAL 6.5 1749 1903
1903 SL 16 1807 1862
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 65 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821

I
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—LOOOÜOOOf Operation Operation Data Instruction
Instruction Abbreviation C ode Addre s s Addre s s

Multiplication Modification
1821 STL 20 1927 1902
1894 AL 15 1748 1842
1842 STL 20 1749 1902

V 1902 RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 69 1805 1708
1708 „ STD 24 1811 1914
1914 AL 15 1870 18 85
1885 STL 20 1893 1811
1886 RAL 66 1749 1871
1871 SL 16 1884 1740
1740 BRNZ 45 1896 1988

“ 1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706
1705 AL 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731
1731 PCH 71 1934 1746
1746 RAU 60 8002 1912
1912 SLT 35 0004 1924
1924 AU 10 1927 1734
1734 AL 15 1738 1946
1946 STU 21 1700 1920
1920 STIA 23 1927 1728

1728 LD 69 1884 1696
1696 STD 24 1749 1988

I
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· XI. APPENDIX C

MATRIX MULTIPLICATION
L. W. Ayres

IBM, Washington

Modified by
L. Carl Herring, ]r.



..SMALLSCALE MATRIX MULTIPLICATION
IBM 650 PROGRAM

L. W. Ayres

PURPOSE: This program will multiply an mxn matrix by an nxk matrix to
produce an mxk matrix.

RESTRICTIONS: Let
m = the number of rows in the premultiplier _
n = the number of columns in the premultiplier and the

number of rows in the post—multiplier
k = the number of columns in the post-multiplier

Then
n must be less than or equal to 41
nk must be less than or equal to 1681

There is no restriction on the size of m.INPUT CARD FORM: l
The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions. '

The post—multiplier is punched row-wise in seven-per-card form
to read consecutively into storage units 0000 to nk—l.
Each row of the premultiplier is punched in seven-per-card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n-1.

OUTPUT CARD FORM: (Modified)
The resulting matrix will be punched out in seven-per-card form,
the output data being "Z and 8" floating decimal numbers. It
will be in row order and carry the same storage unit identification
as the " pre" matrix.

· TIMING: The time estimate is . 061 mnk seconds (calculation).

1
1
1
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CONTROL CARD FORM:
A. First row control card. Non—load.

Columns
1- 10 6519521921

11 - 14 zeros
15 — 16 k
17 - 24 zeros
25 — 26 n
27 — 30 zeros
Overpunch l2's in columns 10, 20, and 30.

B. "2nd to nth row" control card. Non-load.
Columns
1 - 6 zeros
7 - 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:

A. Card Order
1. Seven—per—card loader (No. 101) modified so that a non-

load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix. .
4. First row of " pre" matrix.
5. First row control card.
6. Second row of "pre" matrix.
7. "2nd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row " pre" matrix

in order.

J
J
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-B.Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflo/v Switch to STOR
4. Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:

> 1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Reset and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
1. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire 'pre'Lmatrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.
4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 — 3 for a non-load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 — 8 to the 80 card columns.

11
1
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MATRIX MULTIPLICATION PROGRAM

Location of Operation Operation Data InstructionInstruction Abbreviation O ode Addres s Addres s

.IY11.t1§1 Set—Ug
7 1951 RAL 66 1952 1921

1921 LD 69 1907 1710
1710 STDA 22 1870 1923
1923 SLT 35 0006 1699
1699 MPY 19 1953 1922
1922 LD 69 1907 1711

— 1711 STDA 22 1868 1729
1729 SL 16 1735 1945
1945 LD 69 1907 1715
1715 STDA 22 1907 1730
1730 AL 15 1735 1944
1944 SL 16 1952 1712
1712 LD 69 1868 1943
1943 STDA 22 1850 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736
1951 NOOP 00 0000 1736
1736 LD 69 1805 1713
1713 STD 24 1811 1714 I

1714 LD 69 1725 1737
1737 STD 24 1893 1811

Multiply — Add Subroutine

1811 RAL 66 1764 1809
1809 SLT 35 0002 1816
1816 STU 21 1820 1823 I

I
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Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

Multiply - Add Subroutine

1823 STL 20 1827 1893
1893 RAL 6.5 0000 1851
1851 SLT 35 0002 1808
1808 STU 21 1.812 1815
1815 RAU 60 8002 1824
1824 MPY 19 1827 1849
1849 BRNZ 45 1852 1840
1852 STU 21 1806 1859
1859 RAABL 67 1812 1817
1817 AABL 17 1820 1.825
1825 STL 20 1829 1832
1832 SABL 18 1837 1741
1741 BRNZ 45 1841 1745
1745 RAL 65 1806 1819
1841 SLT 35 0004 1901
1901 BRMIN 4-6 18.54 1855
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1848 RAL 65 1806 1813
1813 SRD 31. 9999 1819
1819 AL 15 1822 1877
1877 BRNZ 4.5 1830 1866
1830 BRNZU 44 1838 1834
1838 SRD .31 0001 1847

9 1847 STL 20 1822 1875,
1875 RAABL 67 1837 1845
1845 AL 15 1909 1883
1883 STL 20 1837 1840



7 — 50 —

Location of Operation Operation. Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

Multiply - Add Subroutine

1834 RAU 60 8002 1843
1843 SOT 36 0000 1814
1814 STU 21 1.822 192.5
1925 RSABL 68 8002 1833
1833 AAÄBL 17 1812 188.3
1866 STL 20 1822 1883
1855 LD 69 18.58 1861
1861 STDA 22 1828 1836
1836 SL 16 1839 1844
1844 BRMIN 46 1897 1898
1897 RAL 66 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1806 1911
1911 BRNZ 4.5 1864 1866
1864 BRNZU 44 1867 1869
1867 SRD 31 0001 1846
1846 STL 20 1.822 1826
1826 RAABL 67 1829 1845
1869 RAU 60 8002 1879
1879 SOT 36 0000 1899
1899 STU 21 1822 1876
1876 RSABL 68 8002 186.5
1865 AABL 17 1829 1883
1898 LD 69 1806 1918
1918 STD 21 1822 1926
1926 RAL 65 1829 1883
1840 RAU 60 1893 1947
1947 SU 11 1850 1905
190.5 BRMIN 46 1908 1860 1

1
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Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

Multiplication Modification

1908 AL 15 1811 1915
1915 AU 10 1868 1873
1873 AL 15 1831 1835
1835 STU 21 1893 1856
1856 STL 20 1811 8002
1860 RAL 65 1822 1910
1910 BRNZ 4.5 1727 1749
1727 SLT 3.5 0001 1733
1733 BRNZU 44 1743 1744
1743 SRT 30 0001 1949
1949 BRMIN 46 1702 1703
1702 AU 10 1906 1882
1703 SU 11 1906 1881 ·
1744 BRMIN 46 1747 194-8
1747

l
AU 10 1916 1882

1882 SU 11 1837 1892
1948 SU 11 1916 1881
1881 AU 10 1837 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1888 RAL 6.5 1749 1903
1903 SL 16 1807 1862
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 65 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821

1
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LOOOÜO11 Of Operation Operation Data Instruction
Instruction Abbreviation C ode Addre s s Addre s s

Multiplication Modification
1821 STL 20 1927 1902
1894 AL 15 1748 1842
1842 STL 20 1749 1902
1902 RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 69 1805 1708
1708 . STD 24 1811 1914
1914 AL 15 1870 18 85
1885 STL 20 1893 1811
1886 RAL 66 1749 1871
1871 SL 16 1884 1740
1740 BRNZ 45 1896 1924

' 1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706
1705 AL 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731
1731 POH 71 1934 1746
1746 LD 69 1884 1912
1912 sro 24 1749 1924
1924 LD 69 1738 1734
1734 sro 24 1927 1988

J6
1

— 7
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SMALL SCALE MATRIX ADDITION
IBM 650 PROGRAM

L. Carl Herring, ]r.

PURPOSE: This program will add matrices of equal order.

RESTRICTIONS: Let
n = number of rows of each matrix,
k = number of columns of each matrix.

Then
n must be less than or equal to 41.
nk must be less than or equal to 1681.

INPUT CARD FORM:
· ’

The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions.
The " post" matrix is punched row—wise in seven-per—card form
to read consecutively into storage units 0000 to nk-1.
Each row of the "pre" matrix is punched in seven-per—card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n—1.

OUTPUT CARD FORM:
The resulting matrix will be punched out in seven-per—card form,
the output data being "Z and 8" floating decimal numbers. It
will be in row order and carry the same storage unit identification
as the " post" matrix.

TIMING: The time estimate is . 005 nk minutes (calculation including input
and output).

I
I
I

I
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CONTROL CARD FORM:
A. First row control card. Non—load.

Columns
1- 10 6519521921

11 — 14 zeros
15 — 16 k
17 - 24 zeros
25 - 26 n
27 — 30 zeros
Overpunch 12's in columns 10, 20, and 30.

B. "Znd to nth row" control card. Non—load.
Columns
1 — 6 zeros
7 — 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:

A. Card Order
1. Seven-per-card loader (No. 101) modified so that a non-

load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix.
4. First row of " pre" matrix.
5. First row control card.
6. Second row of "pre" matrix.
7. "2nd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row " pre" matrix

in order.

I
I
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B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflo/v Switch to STOR
4, Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Re·set and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
l. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire ‘pre‘Lmatrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.
4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 — 3 for a non—load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 - 8 to the 80 card columns.

l

l

ler 1
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MATRD( ADDITION PROGRAM

Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addre s s Address

Initial Set—Up
1951 RAL 65 1952 1921_ 1921 STL 22 1725 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736

. 1951 NOOP 00 0000 1736
1736 LD 69 1805 1713
1713 STD 24 1811 1714
1714 RAL 65 1907 1737
1737 AL 1.5 1725 1710
1710 STL 20 1907 1923
1923 AL 15 1735 1699
1699 STL 20 1.868 1922
1922 RAL 66 1893 1711
1711 AL 15 1735 1729
1729 STL 20 1893 1811

Matrix Addition Subroutine

1811 RAL 66 1764 1815
1815 STL 20 1829 1809
1809 STL 35 0002 1816
1816 STU 21 1820 1823
1823 STL 20 1827 1893
1893 RAL 66 0000 1712
1712 STL 20 1806 1851
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1883 STL 20 1837 1899
1899 RAABL 67 8003 1876
1876 SABL 18 1820 1.865
1865 BRMIN 46 1926 1918
1926 LD 69 1820 1947
1947 STD 24 1870 1741
1918 LD 69 1812 1947
1947 STD 24 1870 1741
1741 BRNT 45 1841 1745
1841 SLT 35 0004 1901
1901 BRMIN 46 1854 1855
1855 LD 69 1858 1861
1861 STDA 22 1828 1836
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Location of Operation Operation Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

1836 SL 16 1839 1844
1844 BRMIN 46 1897 1898
1898 RAL 66 1806 1749
1749 I STL 20 1928 1888
1897 RAL 66 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1837 1877
1745 RAL 66 1837 1819
1819 AL 15 1827 1877
1877 BRNZ 45 1824 1866
1866 RAL 66 1730 1749
1749 STL 20 1928 1888
1824 BRMIN 46 1830 1849
1830 BRNZU 44 1838 1834
1838 SRT 30 0001 1847
1847 STL 20 1822 1875
1875 RSABRL 68 1870 1845
1845 SL 16 1909 1832
1832 RAU 60 8002 1864
1864 AL 15 1822 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1834 RAU 60 8002 1843
1843 SOT 36 ,0000 1814
1814 STU 21 1822 1925
1925 RRABL 67 8002 1833
1833 SABL 18 1870 1832
1832 RAU 60 8002 1864
1849 BRNZU 44 1852 1867
1852 SRT 30 0001 1859
1859 STL 20 1822 1817
1817 RRABL 67 1870 1825
1825 AL 15 1909 1832
1867 RAU 60 8002 1846
1846 SOT 36 0000 1826
1826 STU 21 1822 1869
1849 RSABL 68 8002 1879
1879 AABL 17 1812 1832

, 1832 RAU 60 8002 1864
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1840 RAL 66 1829 1749
1848 RAL 65 1837 1813
1813 SRD 31 9999 1819

I
I
I
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Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

Matrix Addition Modification

1888 RAL 65 1749 1903
1903 SL 16 1807 1890
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 66 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821
1821 STL 20 1927 1902
1902 RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 69 1805 1708
1708 STD 24 1811 1914
1914 AL 15 1831 1885
1885 STL 20 1893 1811
1886 RAL 66 1749 1871
1871 SL . 16 1884 1740
1740 BRNZ 45 1896 1988
1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706
1705 AL 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731
1731 PCH 71 1934 1746
1746 RAU 60 8002 1912
1912 SLT 35 0004 1924
1924 AU 10 1927 1734
1734 AL 15 1738 1946
1946 STU 21 1700 1920
1920 ST1A 23 1927 1728
1728 LD 69 1884 1696
1696 STD 24 1749 1988

_ -1--_ - I
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SMALL SCALE MATRIX ADDITION
IBM 660 PROGRAM

L. Carl Herring, ]r.

PURPOSE: This program will add matrices of equal order.

RESTRICTIONS: Let
n = number of rows of each matrix.
k = number of columns of each matrix.

Then
n must be less than or equal to 41.
nk must be less than or equal to 1681.

INPUT CARD FORM:
6 ’

The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions.
The "post" matrix is punched row—wise in seven-per-card form
to read consecutively into storage units 0000 to nk-1.
Each row of the " pre" matrix is punched in seven—per—card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n—1.

OUTPUT CARD FORM: (Modified)
The resulting matrix will be punched out in seven—per—card form,
the output data being "2 and 8" floating decimal numbers. It
will be in row order and carry the same storage unit identification
as the " pre" matrix.

TIMING: The time estimate is . 005 nk minutes (calculation including input
and output).

ioioI IL I. 1
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CONTROL CARD FORM: „
A. First row control card. Non-load.

Columns
1- 10 6519521921

11 — 14 zeros
15 - 16 k
17 — 24 zeros

. 25 — 26 n
27 — 30 zeros
Overpunch 12's in columns 10, 20, and 30.

B. "Znd to nth row" control card. Non—load.
Columns
1 — 6 zeros
7 - 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:

A. Card Order
1. Seven-per—card loader (No. 101) modified so that a non-

load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix.
4. First row of " pre" matrix.
5. First row control card.,
6, Second row of "pre" matrix.
7. "2nd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row "pre" matrix

in order.

I
I
I
I
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B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflo/v' Switch to STOR
4, Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Re·set and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
1. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire 'pre'Lmatrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.
4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 660 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 - 3 for a non-load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 - 8 to the 80 card columns.
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MATRIX ADDITION PROGRAM

Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addre s s Addre s s

Initial Set—Up
1951 RAL 66 1952 1921
1921 STL 22 1725 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736
1951 NOOP 00 0000 1736
1736 LD 69 1805 1713
1713 STD 24 1811 1714
1714 RAL 66 1907 1737
1737 AL 15 1725 1710
1710 STL 20 1907 1923
1923 AL 15 1735 1699
1699 STL 20 1868 1922
1922 RAL 66 1893 1711
1711 AL 15 1735 1729
1729 STL 20 1893 1811

Matrix Addition Subroutine

1811 RAL 66 1764 1815
1815 STL 20 1829 1809
1809 STL 35 0002 1816
1816 STU 21 1820 1823
1823 STL 20 1827 1893
1893 RAL 66 0000 1712
1712 STL 20 1806 1851
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1883 STL 20 1837 1899
1899 RAABL 67 8003 1876
1876 SABL 18 1820 1865
1865 BRMIN 46 1926 1918
1926 LD 69 1820 1947
1947 STD 24 1870 1741
1918 LD 69 1812 1947
1947 STD 24 1870 1741
1741 BRNT 45 1841 1745
1841 SLT 35 0004 1901
1901 BRMIN 46 1854 1855
1855 LD 69 1858 1861
1861 STDA 22 1828 1836
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Location of Operation Operation Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

1836 SL 16 1839 1844
1844 BRMIN 46 1897 1898
1898 RAL 66 1806 1749
1749 U STL 20 1928 1888
1897 RAL 66 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1837 1877
1745 RAL 66 1837 1819
1819 AL 15 1827 1877
1877 BRNZ 45 1824 1866
1866 RAL 66 1730 1749
1749 STL 20 1928 1888
1824 BRMIN 46 1830 1849
1830 BRNZU 44 1838 1834
1838 SRT 30 0001 1847
1847 STL 20 1822 1875
1875 RSABRL 68 1870 1845
1845 SL 16 1909 1832
1832 RAU 60 8002 1864
1864 AL 15 1822 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1834 RAU 60 8002 1843
1843 SOT 36 7 0000 1814
1814 STU 21 1822 1925
1925 RRABL 67 8002 1833
1833 SABL 18 1870 1832
1832 RAU 60 8002 1864
1849 BRNZU 44 1852 1867
1852 SRT 30 0001 1859
1859 STL 20 1822 1817
1817 RRABL 67 1870 1825
1825 AL 15 1909 1832
1867 RAU 60 8002 1846
1846 SOT 36 0000 1826
1826 STU 21 1822 1869
1849 RSABL 68 8002 1879
1879 AABL 17 1812 1832

„ 1832 RAU 60 8002 1864
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1840 RAL 66 1829 1749
1848 RAL 66 1837 1813
1813 SRD 31 9999 1819
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Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addre s s Addre s s

Matrix Addition Modification

1888 RAL 65 1749 1903
1903 SL 16 1807 1890
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 66 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821
1821 STL 20 1927 1902
1902 RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 69 1805 1708
1708 STD 24 1811 1914
1914 AL 15 ” 1831 1885
1885 STL 20 1893 1811
1886 RAL 66 1749 1871
1871 SL » 16 1884 1740
1740 BRNZ 45 1896 192f
1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706
1705 AL 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731
1731 PCH 71 1934 1746
1746 LD 69 1884 1912
1912 STD 24 1749 1924
1924 LD 69 1738 1734
1734 STD 24 1927 1988

I
I
I

I

I

I
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SMALL SCALE MATRDC
)

IBM 660 PROGRAM

L. Carl Herring, ]r.

PURPOSE: This program will subtract matrices of equal order.

RESTRICTIONS: Let
n = number of rows of each matrix.
k = number of columns of each matrix.

Then
n must be less than or equal to 41.
nk must be less than or equal to 1681.

INPUT CARD FORM:
l ‘

The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions.
The "post" matrix is punched row—wise in seven—per-card form
to read consecutively into storage units 0000 to nk—l.
Each row of the " pre" matrix is punched in seven—per-card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n-1.

OUTPUT CARD FORM:
The resulting matrix will be punched out in seven-per-card form,
the output data being "Z and 8" floating decimal numbers., It
will be in row order and carry the same storage unit identification
as the " post" matrix.

TIMING: The time estimate is . 005 nk minutes (calculation including input
and output).
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CONTROL CARD FORM:
A. First row control card. Non—load.

Columns
1- 10 6519521921

11 - 14 zeros
15 - 16 k
17 - 24 zeros
25 - 26 n
27 — 30 zeros
Overpunch 12's in columns 10, 20, and 30.

B. "2nd to nth row" control card. Non—load.
Columns
1 — 6 zeros
7 - 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:
A. Card Order

1. Seven-per-card loader (No. 101) modified so that a non-
load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix. .
4. First row of " pre" matrix.
5. First row control card.
6, Second row of "pre" matrix.
7. "2nd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row " pre" matrix

in order.

I
I
I
I

I
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B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflolv Switch to STOP
4. Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Re·set and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
1. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire 'pre'Lmatrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.
4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 — 3 for a non—load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 - 8 to the 80 card columns.

__ _ _ -I
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MATRIX SUBTRACTION PROGRAM

Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addres s Address

Initial Set-Up
1951 RAL 65 1952 1921_ 1921 STL 22 1725 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736

I 1951 NOOP 00 0000 1736
1736 LD 69 1805 1713
1713 STD 24 1811 1714
1714 RAL 65 1907 1737
1737 AL 15 1725 1710
1710 STL 20 1907 1923
1923 AL 15 1735 1699
1699 STL 20 1868 1922
1922 RAL 65 1893 1711
1711 AL 15 1735 1729
1729 STL 20 1893 1811

Matrix Subtraction Subroutine

1811 RAL 66 1764 1815
1815 STL 20 1829 1809
1809 STL 35 0002 1816
1816 STU 21 1820 1823
1823 STL 20 1827 1893
1893 RAL 66 0000 1712
1712 RAU 60 8002 1702
1702 MPY 19 1949 1733
1733 STL 20 1806 1851
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1883 STL 20 1837 1899
1899 RAABL 67 8003 1876
1876 SABL 18 1820 1865
1865 BRMIN 46 1926 1918
1926 LD 69 1820 1947
1947 STD 24 1870 1741
1918 LD 69 1812 1947
1947 STD 24 1870 1741
1741 BRNT 45 1841 1745
1841 SLT 35 0004 1901
1901 BRMIN 46 1854 1855
1855 LD 69 1858 1861
1861 STDA 22 1828 1836
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I I
Location of Operation Operation Data In.struct1.on
Irxstructtorrd Abbreviatiorx " Code Address Address

_ 1.836 SL 16 1839 1844
1844 BRMIN 46 1897 1898
1898 RAL 66 1806 1749
1749 ‘ STL 20 1928 1.888
1897 RAL 65 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1837 1877
1745 RAL 65 1837 1819
1819 AL 15 1827 1877
1877 BRNZ 45 1824 1866
1866 RAL 66 1730 1749
1749 STL 20 1928 1888
1824 BRMIN 46 1830 1849
1830 BRNZU 44. 1838 — — 1834
1838 SRT 30 0001 1847
1847 STL 20 1822 1875
1875 RSABRL 68 1870 1845
1845 SL 16 1909 1832
1832 RAU 60 8002 1864
1864 AL 15 1822 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1834 RAU 60 8002 1843
1843 SOT 36 .0000 1814
1814 STU 21 1822 1925
1925 RRABL 67 8002 1833
1833 SABL 18 1870 1832
1832 RAU 60 8002 1864
1849 BRNZU 44 1852 1867
1852 SRT . 30 0001 1859
1859 STL 20 1822 1.817
1817 RRABL 67 1870 1825
1825 AL 15 1909 1832
1867 RAU 60 8002 1846
1846 SOT 36 0000 1826
1826 STU 21 1822 1869
1849 RSABL 68 8002 1879
1879 AABL 17 1812 1832
1832 RAU 60 8002 1864
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1840 RAL 65 1829 1749
1848 RAL 66 1837 1813
1813 SRD 31 9999 1819

I
I
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Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addres s Addres s

Matrix Subtracti on Modification

1888 RAL 65 1749 1903
1903 SL 16 1807 1890
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 66 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821
1821 STL 20 1927 1902
1902” RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 1 69 1805 1708
1708 STD 24 1811 1914
1914 AL 15 1831 1885
1885 STL 20 1893 1811

„ 1886 RAL 66 1749 1871
1871 SL 16 1884 1740
1740 BRNZ 45 1896 1988
1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706
1705 AL ‘ 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731
1731 PCH 71 1934 1746
1746 RAU 60 8002 1912
1912 SLT 35 0004 1924
1924 AU 10 1927 1734
1734 AL 15 1738 1946
1946 STU 21 1700 1920
1920 STIA 23 1927 1728

„ 1728 LD 69 1884 1696
1696 STD 24 1749 1988
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· XI. APPENDIX G

MATRIX SUBTRACTICN (MODIFIED)
L. Carl Herring, jr.
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SMALL SCALE MATRIX SUBTRACTION
IBM 650 PROGRAM

L. Carl Herring, lr.

PURPOSE: This program will subtract matrices of equal order.

RESTRICTIONS: Let
n = number of rows of each matrix,
k = number of columns of each matrix.

Then
n must be less than or equal to 41.
nk must be less than or equal to 1681.

INPUT CARD FORM:
Q 1 1

The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order positions.
The " post" matrix is punched row—wise in seven—per—card form
to read consecutively into storage units 0000 to nk·-1.
Each row of the " pre" matrix is punched in seven—per—card form
on a separate set of cards to read consecutively into the same
set of storage units, 1764 to 1764 + n—l.

OUTPUT CARD FORM: (Modified)
The resulting matrix will be punched out in seven—per—card form,
the output data being "Z and 8" floating declmal numbers. It
will be in row order and carry the same storage unit identification
as the " pre" matrix.

TIMING: The time estimate is . 005 nk minutes (calculation including input
and output).

I __ 1
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CONTROL CARD FORM:
A. First row control card. Non—1oad.

Columns
1- 10 66 19521921

11 — 14 zeros
15 — 16 k
17 — 24 zeros
25 — 26 n
27 — 30 zeros
Overpunch 12's in columns 10, 20, and 30.

B. "2nd to nth row" control card. Non—1oad.
Columns
1 - 6 zeros
7 — 10 1736
Overpunch a 12 in column 10.

OPERATING NOTES:

A. Card Order
1. Seven-per—card loader (No. 101) modified so that a non-

load card transfers to 1951 (Read order of 101 must be
70 1994 1951 in location 1988).

2. Program.
3. "P ost" matrix. „
4. First row of " pre" matrix.
5. First row control card.
6. Second row of " pre" matrix.
7. "2nd to nth row" control card. .
8. Repeat parts 6 and 7 using third to nth row " pre" matrix

in order.
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B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflo/v Switch to STOR
4. Set Programmed Switch to RUN.
5. Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Re·set and Program Start.
4. When deck has been read, press End of File Key.

D. Error Restart:
1. Run out the cards in the punch feed and throw away.
2. Ready the read feed with the entire 'pre'Lmatrix (Steps

4 to 8 in the card order).
3. Set 00 0000 1988 on the Storage Entry Switches.

”

4. Press Computer Reset and Program Start.

CONTROL PANEL:
The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12 punch in column 1.
2. Read columns 1 — 30 into words 1 - 3 for a non-load card.
3. Punch eight 10 digit words and signs from storage exits

words 1 - 8 to the 80 card columns.

I
I
I
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MATRIX SUBTRACTION PROGRAM

Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Addres s Address

Initial Set—Up
1951 RAL 65 1952 1921_ 1921 STL 22 1725 1726
1726 LD 69 1738 1695
1695 STD 24 1927 1736

. 1951 NOOP 00 0000 1736
1736 LD 69 1805 1713
1713 STD 24 1811 1714
1714 RAL 66 1907 1737
1737 AL 15 1725 1710
1710 STL 20 1907 1923
1923 AL 15 1735 1699
1699 STL 20 1868 1922
1922 RAL 66 1893 1711
1711 AL 15 1735 1729
1729 STL 20 1893 1811

Matrix Subtraction Subroutine

1811 RAL 66 1764 1815
1815 STL 20 1829 1809
1809 STL 35 0002 1816
1816 STU 21 1820 1823
1823 STL 20 1827 1893
1893 RAL 65 0000 1712
1712 RAU 60 8002 1702
1702 MPY 19 1949 1733
1733 STL 20 1806 1851
1851 SLT 35 0002 1808
1808 STU 21 1812 1883
1883 STL 20 1837 1899
1899 RAABL 67 8003 1876
1876 SABL 18 1820 1865
1865 BRMIN 46 1926 1918
1926 LD 69 1820 1947
1947 STD 24 1870 1741
1918 LD 69 1812 1947
1947 STD 24 1870 1741
1741 BRNT 45 1841 1745
1841 SLT 35 0004 1901
1901 BRMIN 46 1854 1855
1855 LD 69 1858 1861
1861 STDA 22 1828 1836
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Location of Operation Operation Data Instruction 7Instruction Abbreviation C ode Addre s s Address 1
_ 1836 SL 16 1839 1844

1844 BRMIN 46 1897 1898
1898 RAL 66 1806 1749
1749

” STL 20 1928 1888
1897 RAL 65 1827 1828
1828 SRD 31 9999 1853
1853 AL 15 1837 1877
1745 RAL 66 1837 1819
1819 AL 15 1827 1877
1877 BRNZ 45 1824 1866
1866 RAL 66 1730 1749
1749 STL 20 1928 1888
1824 BRMIN 46 1830 1849
1830 BRNZU 44 1838 1834
1838 SRT 30 0001 1847
1847 STL 20 1822 1875
1875 RSABRL 68 1870 1845
1845 SL 16 1909 1832
1832 RAU 60 8002 1864
1864 AL 15 1822 1892
1892 SRT 30 0002 1749
1749 STL 20 1928 1888
1834 RAU 60 8002 1843
1843 SCT 36 .0000 1814
1814 STU 21 1822 1925
1925 RRABL 67 8002 1833
1833 SABL 18 1870 1832
1832 RAU 60 8002 1864
1849 BRNZU 44 1852 1867
1852 SRT 30 0001 1859
1859 STL 20 1822 1817
1817 RRABL 67 1870 1825
1825 AL 15 1909 1832
1867 RAU 60 8002 1846
1846 SCT 36 0000 1826
1826 STU 21 1822 1869
1849 RSABL 68 8002 1879
1879 AABL 17 1812 1832

-. 1832 RAU 60 8002 1864
1854 LD 69 1857 1810
1810 STDA 22 1813 1818
1818 AL 15 1874 1887
1887 BRMIN 46 1840 1848
1840 RAL 66 1829 1749
1848 RAL 65 1837 1813
1813 SRD 31 9999 1819



I — 84

—Locationof Operation Operation Data Instruction
Instruction Abbreviation O ode Addre s s Addre s s

Matrix Subtraction Modification

1888 RAL 65 1749 1903
1903 SL 16 1807 1890
1862 STU 21 1822 1878
1878 STU 21 1837 1890
1890 BRNZ 45 1894 1895
1895 PCH 71 1948 1701
1701 RAL 66 1927 1880
1880 LD 69 1884 1891
1891 STD 24 1749 1904
1904 AL 15 1863 1821
1821 STL 20 1927 1902
1902 RSL 66 1907 1917
1917 AL 15 1893 1697
1697 BRMIN 46 1900 1886
1900 LD 69 1805 1708
1708 STD 24 1811 1914
1914 AL 15 1831 1885
1885 STL 20 1893 1811
1886 RAL 66 1749 1871
1871 SL 16 1884 1740
1740 BRNZ 45 1896 19ßf
1896 STL 20 1700 1704
1704 AL 15 1707 8002
8002 STU 21 1929 1739
1739 SL 16 1742 1698
1698 BRNZ 45 1705 1706 I
1705 AL 15 1709 8002
1706 RAL 66 1700 1919
1919 LD 69 1927 1732
1732 SRT 30 0004 1872
1872 STIA 23 1927 1731 —
1731 PCH 71 1934 1746

. 1746 LD 69 1884 1912
1912 STD 24 1749 1924
1924 LD 69 1738 1734
1734 STD 24 1927 1988

I
I

I
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· XI. APPENDIX H

MATRIX CONVERTER
L. Carl Herring, Jr.
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MATRIX CONVERTER PROGRAM
IBM 660 PROGRAM

L. Carl Herring, ]r.

PURPOSE: This program will convert an n x k matrix from "post" input
form (which reads a matrix into locations 0000 to nk—l) into

" pre" input form (which reads each row of the matrix con-
secutively into the same storage locations 1764 to 1764 + k—l.

RESTRICTIONS: Let
n = number of rows of each matrix.
k = number of columns of each matrix.

Then
k must be less than or equa.l to 100
nk must be less than or equal to 1764.

INPUT CARD FORM:
The data must be in 8 digit floating decimal form, that is, as
an integer and seven decimals with a modulo 50 exponent in
the two high order position.s.
The "post" matrix is punched row—wise in seven-per—card form
to read consecutively into storage units 0000 to nk—1.

OUTPUT CARD FORM:
The resulting matrix will be punched out in seven-per—card form,
the output data being "2 and 8" floating decimal numbers. It
will be in row order and carry the storage unit identification of
a "pre" matrix,

TIMING: The time estimate is . 045 n.k seconds. (Calculation including
input and output. )

I
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CONTROL CARD FORM:

Columns
1-10 66 19521875

11-12 65
13-16 nk- 1
17-2-0 1892

OPERATING NOTES:

A. Card Order
1. Seven—per—card loader (No. 101) modified so that a

non—1oad card transfers to 1951 (Read order of 101
must be 70 1994 1951 in location 1988).

2. Program
3. " Post" matrix
4. Control card

B. Console Settings:
1. Set 70 1951 3000 on Storage Entry Switch.
2. Set Error Sense Switch to STOP.
3. Set Overflow Switch to STOP.
4, Set Programmed Switch to RUN.
5, Set Control Switch to RUN.

C. Procedure:
1. Ready the read feed with the decks shown above.
2. Then ready punch feed with blanks.
3. Press Computer Reset and Program Start.
4. When deck has been read, press End of File Key.



N

., 89 -

CONTROL PANEL:

The 650 Utility Board may be used without modification. If a
special board is desired, it needs only these features:

1. Read load cards specified by a 12punch in column 1.
Z. Read columns 1-30 into words 1-3 for a non-load card.
3. Punch eight 10 digit words and signs from storage exits

p words 1-8 to the 80 card columns.

N

I
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MATRIX CONVERTER PROGRAM

Location of Operation Operation Data Instruction
Instruction Abbreviation C ode Address Address

1951 RAL 65 1952 1875
1875 STL 22 1888 1876
1876 LI) 69 1886 I 1877
1877 STI) 24 1927 1878
1878 RAL 66 1890 1879
1879 AL 15 1888 1880
1880 STL 20 1890 1881
1881 AL 15 1887 1882
1882 STL 20 1889 1883
1883 RAL 66 1891 1884
1884 AL 15 1887 1885
1885 STL 20 1891 1891
1891 RAL 66 0000 1892
1892 STL 20 1928 1893
1893 RAL 66 1892 1894
1894 SL 16 1869 1895
1895 BRNZ 45 1896 1898
1896 AL 15 1868 1897
1897 STL 20 1892 1904
1898 PCPI 71 1948 1899
1899 RAL 66 1927 1900
1900 LD 69 1872 1901
1901 STD 24 1892 1902
1902 AL 15 1867 1903
1903 STL 20 1927 1904
1904 RSL 66 1890 1905
1905 AL 15 1891 1906
1906 IBRMIN 46 1907 1909

„ 1907 AL 15 1889 1908
1908 STL 20 1891 8002l
1909 RAL 66 1892 1910
1910 SL 16 1872 1911
1911 BRNZ 45 1912 1925
1912 STL 20 1874 1913
1913 AL 15 1873 8002
8002 STU 21 1928 1915
1915 SL 16 1871 1916
1916 BRNZ 45 1917 1918
1917 AL 15 1870 8002
191*8 RAL 66 1874 1919
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Location of Operation Operation Data Instruction
Instruction Abbreviation Code Address Address

1919 LD 69 1927 1920
1920 SRT 30 0004 1921
1921 STIA 23 1927 1922
1922 PCH 71 1934 1923
1923 LD 69 1872 1924
1924 STD 24 1892 1925
1925 LD 69 1886 1926
1926 STD 24 1927 1866
1866 RSL 66 1891 1865
1865 AL 15 1953 1864
1864 BRNZ 45 1878 1988

I



..92..

m•—~¢Oz.¤NN~O<*¤
v··|QO0*OC)•···!N
0QOQ0*O00
•-de-«IC>•-tv-·I<I)•·—¢•·-•<¤O•-•O~N•-••—-•<}'
N0 ~O00f‘<*'$
0CO QQQQ0
1-lr-I •·-·|r-4«——4r··I•—·|•-40 ~0<r0~O•-4
NN r-4Nf\1r-1I*

<**Of*<!'r·4CO N
0*QOO*C)O N
QQOQ00 0
•···••-«•Q•-4•-ar-• •-1
QQ<1*NN0 Y‘
NCO~O0*f‘Q N
0QI*QQQ 0*
•-Ir·4•·—-lv-4r-•|«-I •··-1
OLO L£\0Lf* Q
¢\1«-¤ »o»0•—« N

•.r\O*•·—«•c¤OO*N«-0
•-¢r~O~O~OOON
0QQQ00O0r-••·-·s«·-••—-«•-••—·•Q«-e
<tO«—1c0I~r~<¤<f
(*'\00NNOI*·O
0QQO*0O*QC>
•-\•··-¤|v—4r-·1r··4v-lv-·4@
«·-+«.nOOL¤»0•.¤O
N»oNm~o<r•-·•mL¤<DLf\NO*~O<*'*O~O Cd•··||*CI)00Or·•N~O pl0QQQQ00*0Q E,r-ie-lr-lr-{•-lr-4•-|r—-Is-·I pqQNQO¢0|*NN00QOOCCQ00Pie-·£•-<|C7*r···|r·-4r-0r-4•··4

O•-1¢m<r«—«mOO~<rNNr—1~OI‘·r·4N~ON O

lI\<*’1|‘·<i'Nd'L¢\L!\O*~O
E~O0f‘·Q0OONr—4N

•'*¢‘~Or-I0€\|ON¢'~O
0l*’\<DO\0*O*O*«—-<If~C0‘ QOQQO*QQO*COQ

~0N¤D~O~ON~O<f‘~O~O

d·m»0m |-<r·—•¢\1m
~00~•~¤o 0~0«-40m
QQQQ Q00O0
•··1•-lr-le-4 •··|•-iv-4®•—-4
GNI-OQ0 QNNONLOUWQQ ~ONf‘·|*0
00QQ Q0*QQQ A‘•·—1r-I•-lr-·| •—I•-«I•-lr-••-I
LOONO L{\O~OU\¢'

. •-•NNN •—•N•·-·••—·•m

; QC3 N Q<**OCO<!‘
CDC) CO O~O«·—1•-aN
0O Q Q0000•-•O •-• •—-••-<•-·4•-•«-·e
Qß N ~OY‘·N|‘N ~•~ co O~~OO‘•-·4f~
Q Q QQQOQ ‘

“ r-i' r-4 •··-40-|•-4:-Iv-·|
Lh LÜ \.¤Lf\tl'\u’\0*
<TA ·-4 <I‘•·-•~O<1'~O ' A

OOOOOOOOOO
OCDOQOOOOOO’
<I'f\<I'•-4QLt\NO*~O<**
~O~O|‘QQOOOr4N
QQQQQQ0000 ‘

. - _ \



.. Q3 -

XI. APPENDIXI

DATA TABLBS
pages_9_g_1to .185

INTERPRETATION OP THE APPENDIX MATRIX DATA

Each row of the Appendix matrix data tables represents the
information punched on a computer load card. Each of the rows of data
contains 80 numerals divided into 8 equal groups, with each group called
a "word", To load information on the type 650 IBM computer, the first
word of a load card serves as a storage instruction, the following seven
words represent the information to be stored on the drum of the computer.

The matrices in the Appendix appear row wise seven elements
per card with the last seven columns of each sheet being filled with ma-
trix elements. The exponent of each matrix element is in the first two
columns of each word, with a base 50 representing the exponent for X:XX—
XXXXX. Column spaces which are void of typed numerals are to be inter-
pretated as zeros.
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EQUILIBRIUM SLOPE DEFLECTION EQUATIONS D. L. W. L.
L:I-L.

602. 5622 72. 5623 2555624 602. 5626 1807. 5R211807. 5RZ3 +. 797 :h. 4741
602. 5623 2701625 78626 670. 0627 1807. 5R23 2010. 0R25 -. 800 :h. 5108
602. 5624 78625 2701626 670. 0699 1807. SRZ3 2010. ORZQ5 +. 800 :1:. 5108
670.0625 283662,7 78628 670. 0699 2010R25 2010. OR27 ···. 800 i. 5475
670. 0626 78627 2836629 670. 0639 2010R25 2010. ORZ7 +. 800 :1:. 5480
670. 0*697 2983 629 84*699 737. 5631 2010R27 2212. 5RZ9 -. 803 :1:. 5723
670. 0628 84629 3123 639 807. 5632 2010R27 2422. SRZ9 +. 804 :1:. 5963
737.5629 3124631 87692 737.5633 2212.5R29 2212. 5R3l -.749 :1:. 5961
807. 5639 87631 3404692 807. 5634 2422. 5RZ9 2422. 5R3l -1. 858 :1:1. 0228
737.5631 2931633 90.5634 637.5635 2212. 5R3l1912. 5R33 -2.191 :1:.7129
807. 5632 90. 5633 3511634 857. 5639 2422. 5R3l 2572. ER33 -1. 001 il. 2926
637.5633 3126635 129636 796.5637 19l2.5R33 2389. 5R35 -1.002 :1:.7527
857. 5634 129635 4114636 1070. 56382572. SR33 3211. SR35 +1. 002 :1:. 9973
796.5635 2921637 120638 544.0639 2389.5R951632.0R37 -.709 :1:1.0460
1070.5636120637 3631638 625.0649 3211.5R35 1875.0R37 +.710 :1:1.2480
544637 3770639 1185641 156643 1632. 0R373555.0R39 -.310 :1:1.0260
625638 4292649 156643 1365644 1875.0R374095.0R39 +.310 :.1:1.1720
1185639 2370641 3555R39 +.000 :1:.0000
11.0642 5.5643 16. 5R39 +.000 :1:,0000
156639 156649 5.5642 635643 16.5R39 +.000 :1:. 0000
1365649 2730644 4095R39 +. 000 :1:. 0000
77161 77162 77163 77164 3084Rl +. 000 :1:. 0000

TABLE 1 (cornzixuued)
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EQUILIBRIUM SLOPE DEFLECTION EQUATIONS D. L. 1 W. L.

77103 77104 7710é 77104 3084R3 +. 000 1. 0000
78605 78606 78607 78608 3144R5 +. 000 1. 0000
78-6-07 78608 78609 786010 3144R7 +. 000 1. 0000
1096. 509 1096. 5010 1096. 50111096. 50l24386R9 +. 000 1. 0000
1096.50111096.501z +.000 1.0000
1305013 1305014 1305015 1305016 5220R13 +. 000 1. 0000
1305015 1305016 1305017 1305018 5220RlS +. 000 :1:. 0000
1515617 1515018 1515019 1515020 ÖÜÖÜR17 +.000 1. 0000
1515610 15150 15150 15150 606011 +.000 1. 000020 21 22 19
1807. 50211807. 50221807. 50231807. 5024 7230RZl +. 000 1. 0000
1807. 50231807. 5Ü2418O7• 5025 1807. 50267230RZB +. 000 1. 0000
2010025 2010026 2010027 2010028 80401125 +. 000 1. 0000
2010027 2010028 2010029 2010030 8Ü4ÜRZ7 -1·. 000 1. 0000
2212. 5029 2422. 503O2212..5031 2422. 503292701129 +. 000 1. 0000
2212. 50312422. 50322212. 5033 2422. 5Ü34927ÜR31 +. 000 1, 0000
1912. 5033 2572.50341912.5035 2572.50368970R33 +.000 1.0000
2389.50353211.50362389.5037 3211.503811202R35 +.000 1.0000
1632037 1875038 1632039 1875040 7014R37 +. 000 1. 0000
3555039 4095040 3555041 16. 5042 16.5043 15333R39 -4095044 6

+. 000 1. 0000

TABLE .1 (continued)

1
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