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Correctionst

Corrections

Newsletter Number 10

December 1956
EDITOR'S PAGE
On page 9-392 of Newsletter 9, line 2, paragraph 4,

of RR=162 should read ", . ,will be p-1 = 235-32=34,

359,738,336, . .",

‘The octal equivalent given for the constant 4, in the

deécriptions for the arsin-arcos floating point (RR-75)
and the arcsin-arcos stated point'(RR—Zﬁ) roufines is
in error and should read

37 50417 41233
instead of the listed value of

37 04174 41233,
This correction should be entered in Newsletter 3
(pg. 3-108) for RR~25 and in Newsletter 6 (pg. 6-73)

for RR-75,

Editor,
Central Exchange
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Identification Tag:

Type:

Special Storage:

Program Entrance:
Program Exit:

Alarm Exit:

Coded by:

Approved by:

CRI-3
Pg. 1 of §
11-5-56

THE RAMO-WCOLDRIDGE CORPORATION
Los Angeles U5, California

General Card Read-Ih Routine

Specifications

CRI-3
Service Routine (with subroutine entrance)

The constant pool and temporary pool are not
used by this routine

4OO1To
40020b

The alarm routine is used by this routine -

M. Perry . - November, 1956

W. F. Baver November, 1956
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Description

This routine reads cards produced by MDP-1 (binary cards), CP0O-O (fixed point
output), CPO-1 (floating point output) and cards key-punched on the L4 field
format (described below) for input in floating point, double precision floating
point, fixed point, or octal. These input forms may be intermixed on a card,
and the cards may be in any sequence desired. The routine automatically
differentiates the 2 card forms, and for 4 field cards, recognizes the type of
input in each field. All input is rounded properly. This routine reads

cards at full card reader speed and loads the memory as directed by the address
or addresses appearing on the cards. Once activated, it continues to read
cards until it has read and stored a card containing a stop code as described
below. The input need mot be normalized to retain full significance. The
routine stores high speed memory on the drum, operates in high speed memory,
and restores high speed memory from the drum prior to leaving the routine.

Operating Instructions

1. When routine is used as a service routine, set PAK to 40017b and start.
Routine will read cards until a stop code is recognized, at which time
the machine will stop (MSO) with PAK set to 40017b.

2. When routine is used as a subroutine, enter the routine with
37 10020 40017b. Routine will read cards until a stop code -is recognized,
at which time control is transferred to cell 40020b and hence to the cell
following the return jump mentioned above.

To restore high speed memory at any time, start at 40OKOb. A and Q will
not be restored.

Card Positioning

Card positioning is required before the initial read only. Card reading
automaticaliy positions the next card to be read, and a card will be positioned
for punching before leaving the routine. If the routine is used as a service
routine, the initial positioning must be manual. If the routine is used as

a subroutine, initial card positioning should be programmed. This can only be
done by one instruction, [EF 00000 vvvvv] where vvvvv contains

00 00000 00114b. ’ ' '

Stog Codes

1. Read stop, 12 col 80. When this code is detected on either a binary card
or a four field input card, the routine will stop reading, position a
card on the punch side of the bull, and then exit properly (see operating
instructions).

2. Machine stop, 12 col 79. When this code is detected on & L field input
card, the routine will stop reading, position a card on the punch side
of the bull, and stop MSO at T243lb. If the machine is started, the exit
from the routine will proceéd as described in operating instructions.

10-2
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Either of the above codes may be entered on a blank card and the routine
will sense them. The programmer is cautioned not to place the machine
stop code on a binary card as this will result in improper loading (see
MDP-1 write-up).

Alarm Conditions

1. Bipary Cards - As a binary card is read, the words are summed and the result
is compared with a sum punched in the card (see MDP-1 write-up). If the sums
do not agree, the flexowriter will print

. "ALARM 00271 000000000000 0000000VVVvY QQAAARARARAARQ"

and the machine will stop. vvvvv is the storage address appearing on the

card. The contents of Q are not important. Starting the computer will bypass
the alarm, the words will be stored as read, and in the absence of a stop code,
readlng will proceed.

2. L4 Field Cards - An alarm on a four field card indicates that a number was
too large to be entered appropriately into the computer. For floating point
numbers (single and double precision) this is equivalent to exponent over-
flow. For fixed point numbers, this indicates that the input properly
scaled and rounded was too large to be .entered into a single cell. If an
alarm condition is detected, the flexowriter will print -

"ATARM 00164 000000000000 0000000vvvvy 000000000000"

and the machine will stop. vvvvv is the storage address of the right-most
incorrect number. Any or all of the other numbers may have been incorrect.
vvvvv equal to 20,000 indicates that the indicated address field was blank.
Starting the computer will cause the correct numbers to be stored, the
incorrect numbers to be ignored, and in the absence of a stop code, reading
will proceed.

- L Field Card Format

The format described below is one of the formats used‘by this routine and
is the format used by CPO-~O, CPO-1, CRI-2, and SNAP Read.

The‘card columns are designated as follows:

Col 1-k Identification ‘ This field is ignored bj the
reading routines

Col 5-23 Field 1

Col 2h4-h2 Field 2

Col 43-61 Field 3

Col 62-80 Field 4

10-3
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Each field (except identification) is divided as follows.
digit 1-5 Location or address (x digit 1 for octal location)
digit 6-15 Value or Mantissa (x digit 15 for negative value)
digit 16-17 Decimal exponent (x digit 17 for negative exponent)
digit 18-19 Binary exponent (x digit 19 for negative exponent)

Addressing Options

The following Addressing options are allowable on the L Field input card. Option 1
is used by CPO-O CPO-1, CRI-2, and SNAP Input. ‘

1. Decimal - Straight conversion to the octal equlvalent of the decimal address
in the card. No indication is necessary.

2. RAWOOP Decimal - Straight conversion to the octal equivalent of the decimal
address except that 40,000 decimal is designated as the first drum address
(%0,000b). No indication is necessary.

3. Octal - The octal number appearing.on the card is the actual address. This
must t be indicated by an x(11 punch) over the first digit of the address.

L, Blank - “A completely blank address field 1ndicates that the number in that
Field is not to be stored. This is differentiated from an address containing
1 or more zeros which will load cell zero.

Input Numbers

The following varieties of input may be punched on the L field input card. They
may be in any combination on a card with the exception that for a double precision
floating point number the two fields must be consecutive and on the same card.

For all input, the decimal point is presumed to be at the extreme left end of the
value field. It is recommended that the codes listed below be used for each field.
However, cards from CPO~0 and CPO-1 are differentiated by the fact that their

"B" (Binary Exponent) fields are non-blank and blank respectively.

1. Floating Point - RS. An input number is designated as floatlng point by the
code RS (Read Snap) in the "B" field. There is no restriction on the "D"
field. The resulting floating binary number is rounded and is in. the form
used by SNAP and by the internal floating point on the 1103A computer. A
floating point number consists of 3 parts; a sign bit, followed by an 8
binary bit characteristic biased by 200b, and a 27 bit normalized mantissa.
To negate a floating palnt number, the complete cell is complemented.

2. Double Precision Floating Point ~ RT. An 1nput‘number is designated as double
precision floating point by the code RT (Read Two) in the "B" field. The
"value! portions of 2 consecutive fields are joined to allow 20 decimal digits
of input. Both fields must contain addresses but the control information
(RT code, algebraic sign, and decimal exponent) is taken from the first field
only and ignored on the second field. The resulting floating binary number
is rounded and is in the form used by double precision SNAP. The upper cell
is identical to a single precision floating point number and the lower cell

10-4
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con31sts of a sign bit and 35 binary digits which are an exten51on of the
27 binary digit mantissa in the upper cell. » -

The programmer is again cautionéd that~the,tﬁo fields concerned must_be“w
consecutive and on the same card.

Fixed Point - No code. An input number is-designated as fixed point by the
fact that the "B" field is not blank and does not contain an R. Since the -
"B" field is used to express the binary scale factor desired, the only caution
is that it must not be left blank. 00 (zero zero) must be punched if a scale
factor of zero is desired. The binary scale factor is allowed to be'negative
and the only restriction is that the combination of the B and D fields result
in a number which is not too large for a single cell. Normalization is.not
important since the conversion is done in double precision. The resulting
blnary number is rounded properly. ‘ ‘ . A

Octal - RU. An input number is designated as belng octal by the code RU
(Read Unconverted) in the "B" field. Since 12 octal digits are desirable,
the "value" and "D" fields are joined giving 12 digits. Each dlgit is
loaded modulo 8 such that an 8 becomes a zero, and a 9 becomes a 1.”

Examples. . The followlng list of inpmt wUuld.be punched on two cards. The second

card would haveé a "Stop Read" code in col 80 bécause of the "+" sign on the
last line. The octal address and translation are listed in the comments.
it ', i ) . . N‘:;.
& . i ) . : o

QUANTITY | LOCATION ~ VALUE D L] B L COMMENTS

Fo031.2211.20 ., 03l [rRs! [holzz 20 14631 46315]

1,6,3.8,4 %5 0.0,0,0,0,0,0, u 2.5 R,UE  %0000 45 00000 00425
40,064 314159265, 3- O lg-’R(T; 40100 57 51557 0052

40,065 5,8,9,719,3,zi3,8,5;» e A Lo10L 75 67513 k562
1001230015 ., ‘bW o ol loo123. 00 00000 00OLT

1, 991015 .t P2 (15 0043 00 000L7 00000

1001 Pl |12i |00l 77 TTTTT 6TTTT

) PO | L L I i

5o122|15 bl |rsi+|oo1z2 5T 61777 TTTTT
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THE RAMO-WOOLDRIDGE CORPORATION
Los Angeles 45, California
Eigenvalues of a Tri-Diagonal Matrix
Specifications

Identification Tag: EGN-1

Type: Subroutine available on cards for assenbly.

Storage: 145 words of storage needed to assemble

this routine.

18 + 2n cells of temporary storage immediately
following the temporary pool used, but not stored
with subroutine. (n = order of matrix).

The constant pool and temporary storage pools
are used by this routine.

Regional Addresses Used: OOR, 01M, O2M, O1R, OOK, 00T, FOO, COO

Entrance and Exit: RJ OOROL OOROZ No Punching
, See Instructions
RJ OORO1 OORO3 Cards Punched~ '

Machine Time: See table in text.

- Mode of Operation: Floating Complex Arithmetic requiring SNIP
be gcetivated. -

Coded by: _ W. Frank September 1956

: Approved by: ' W. Bauer October 1956
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Description
This subroutine couputes the n eigenvalues of any real or complex tri-

diagonal matrix D, having the form:

a

1 b O . . . 0

1 az v b2 ». . . 0

0 1 b . . 0

83 3

D = . .
f ®n-1 Pn-1 |
]
0 . . . 1 a J

Since complex arithmetic is employed, the elements 6:? the matrix must be
presented according to the specification for numbqei' reﬁresentation for use
with SNIP. The 'nv elements ofvthe main diagonal, gi , must be followed by the
n-1 elements of the upper adjacent diagonal, b i in a region whoserinitial
address is specified by a parameter word. »

The more general tri-diagonal matrix J, (aiso called a "Jaco*bi Matrix")
bas all its non-zero elements on the main diasgonal and on either of the twb

immediately adjacent diagonals:

—
ay bl 0 . . 0
cl az b 2 0 . . 0
0 c a b . . . 0
2 3 3
J =
_(i * * * : ®p-1 %n-1 bn-l
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This routine can also treat this case if in place of the n-1 elements of the
upper adjacent diagonal, the n-l products, cibi’ are supplied. |

The subroutine occupies 145 cells and uses the constant and temporary
storage pools. In addition 18 + 2n cells of temporary storage must be provided

immediately following the Ramo-Wooldridge Temporary Pool. Practical limitations

are imposed on n by the available 1024 words of ES storage and the use of SNIP,
hence n must be‘less than 157. In all cases the eigenvalues can be found in fhe
last 2n cells of the (18+2n) cells of temporary storage. In addition the eigen-
values'ai and associated residues in the charsacteristic po;ynomial P(Fli) can be
punched on cards. P(?\i) appears in fields one and two whilg R~i is in fields
five and six. The eigenvalues are also identified serially in the identification
field. At the option of the programmer the successive approximations to the

A obtained during the'iterative process can also be punched with their
associated residues in the reduced polynomial. In the event that no punching

is desired then a third‘entrancevis available.

Programming Instructions

1. Complex mode of SNIP must be activated.
2. Entrance to the subroutine is made as follows:
e. RJ OOROL OORO3 |
XX O0AOD wvvvvy ~
where..
OOROO is the location of the first word of the subroutine

00AOO is the location of the real part of the first element of the

diasgonal

vvvvv is the order n of the tri-diagonal matrix

10-8
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XX gives the option selected

XX = 20, only the eigenvalues ZLi and their respective
residues in the characteristic eguation are punched.
XX = 00, in addition to the above, fhe'successive approximation
to the_eigenvalues are punched.
In either case the eigenvalues tp;mselves are stored
in the machine starting at the location 51 = 63b. |
b. Should no punching of cards be desired then one must use the entrance:
RJ OORO1 OOCROZ2
20 00ACO vvvvy

3. Control is returned to the cell following the parameter word.

Machine. Time
The time taken to find the n eigenvalues can be estimated from the following

table of empirical timés in seconds.

, | Punching
Order of | No Punching ‘Punching Eigenvalues and
Matrix Eigenvalues Iterations
3" ’ 5 Sec. - 8 Sec. 13 Sec.
5 17 n 22 " ) 36 1"
8 50 n~ 58 " ‘ 92 1
lo 81 1 91 "o l,+3 1"
27 776 f 803 1] ' -
39 273 " : 2782 ' -

1N_Q
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Given the tri-diagonal matrix J

(s, b 0 . . . 0 ]
¢y a, b2
0 c2 a3 b3 .
J = I3
fn-1 bn-l
_Ei . . .1 &

The following recursion formula evaluates the characteristic polynomial

Pn(}l) of J for given A

P(R) =(a; =) P, ,(A) -b, je, P, ,(A) 1=1,2, ..., n

where

The problem loses no generality by assuming all c, = 1l so that only the &, and bi
need be given. Alternatively the general problem can be solved by this routine

if one supplies cibi in place of bi'
Using Pn(-l), Pnﬁl) and Pn(O), the program enters a modified version of the
Algebraic Equation Solver (POL-O) and finds, by iteration, the first root ;{l of

Pn(a).

Having found r roots the (r+l).st root 1is found by considering the polynomial

P (A) = PD(Z\.)
T @2,
i=1

10-10
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wherejll,jkz, "":kr are the eigenvalues already found. This code prevents the
re-computation of a multiple eigenvalue by not allowing ;\ﬂr+l to approach the-

value of any of the r roots already found. This, however, did not prohibit the

determination of multiple roots in any of the matrices tested, for the reason statec

below.

Convergence

A convergence criterion

Ai41" A4

/ 107k
A i+l

is appliéd to determine the end of the iteration. InAthis code k = 6. This
gives an accuracy of 6 to 7 places in many low order cases. For large order
(nEAZO)‘accurécy is reduced since not enough figures are carried in the 27 bit
word of SNIP to accurateiy define the roots after a large number of arithﬁetic
operations have been performed. In the case eigenvalues are repeated the accur-

acy deteriorates. Furthermore, the residues of the characteristic polynomials

- in the neighborhood of such a root are exceedingly small. Hence, a second

convergence criterion was introduced in order to avoid exponent overflow. If
the residue _
| anjzjéz”ﬂo
then }Li is accepted as a root. If ELP has multiplicity p then the code will
find p estimates of ;\p such that

8) no two estimates are equal

b) all estimates have residues 422-100
If.ELk is an eigenvalue then det(D -}lkI) should be zero. Inspecting successive
iterations and associated residues can therefore give some indication of the

convergence of the procedure. The programmer is, however, cautioned in regards

10-11
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It is possible, for

example, to have a root accurate to 6 places and yet obtain a residue of high

order.
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D
D

D

v

D

D

D

D

00R0O0 00
00ROl  MJ
00R02  MJ
OORO3 TP
OORO4  SP
OORO5  TU
O0R06  Tu
O0RO7 TP
O0RO8 TP
OOR0O9 TP
O0R10 TV
OOR1¥ Tu
OOR¥Z TP
00R13 RS
O0R14 LA
OOR15 QS
OOR16 TP
OOR17 TN
01MOO  RA
01M01 RP
01MO2 TP
01MO3 TP
01MO4 TN
01MO5 - TP
01Mo6 TN
0iM07 TP
01MO8  RJ
01MO9 TP
01M10 TP
01M11 TP
01M12 RY
01M13 TP
01M14 TP
01M15 TP
01M16 RJ
01M17 TP
o1M18 TP
01M19 MJ
01M20 LDMP
01M21 ADST
01M22 MPST
01M23 LDMP
01M24 STSU

00ROO
01M0O0
02M00
01R00
00KOO
00700
F0000
C0000
00000
00000
00000
01R34
00RO1
A0000
A0000
00000
00013
00013
A0000
A0000
00KO05
00715
A0000
A0000
00T15
00016
00RO1
10005
00013
00KO01
00K00
00K0O
00KO1
00013
01R30
00029
00030
00KO1
01R30
00029
00030
00013
01R30
00029
00030
00000
00TOO
00TO4
00TO8
00702
00027

00100
00118
00151
00204
00239
00033
00002
00003
01R16
00000

02M37.

02M50
00015
00RO7
02M32
AQ00O
00T15
00T14
00T15
00RO0
Q0000
00016
00016
01R06
00T16
00T17
00016
01M03
00709
00712
00T08
00T10
00706
00707
01R00

00700

00701
00706
01R00

00702
00TO3

00T06
01R00
00T04
00T05
02M31
00T08
00023
00025
00T10
00023

EXIT
ENTRANCE 1
ENTRANCE 2

N-1 E

2N=2 &

SET
up
STARTING

VALUES

1N_19

00144
00166
00227
00314
00357

00041

00002
00003
00144
00145
00146
00147
00150
00151
00152
00153
00154
00155
00156
00157
00160
00161
00162
00163
00164
00165
00166
00167
00170
00171
00172
00173
00174
00175
00176
00177
00200
00201

00202

00203
J0204
00205
10206
Q207
10210
L0211
2212
13213
V1214
0215
0 216

00
00
a0
00
00
00
00
00
00
45
45
11
31
15
15
11
11
11
16
15
11
23
54
53
11
13
21
75
11
11
13
11
13
11
37
11
11
11
37
11
11
1l
37
11
11
45
14
14

14

14
14
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00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00356
00145
20000
20000
00000
00015
00015
20000
20000
00364
00860
20000
20000
00060
00020
00145
10005
00015
00360
00357.
00357
00360
00015
00352
00035
00036
00360
00352
00035
00036
00015
00352
00035
00036
00000
30041
04045
14051
30043
34033

00000
00000
00000
00000
00000
00000
00000
00000
00334
00000
00274
00311
00017
00153
00267
20000
00060
00057
00060
00144
10000
00020
00020
00322
00061
00062
00020
00171
00052
00055
00051
00053
00047
00050
00314

00041

00042
00047
00314
00043
00044 -
00047

00314

00045
00046
00266
14051
34027
34031
14053
11027



01M25
01M26
01M27
01M28
01M29
01M30
01M31
01M32
02M00
02MO1
02M02
02M03
02M04
02M05
02M06
02M07
02Mo8
02M09
02M10
02M11
02M12
02M13
02M14
02M15
02M16
02M17
0o2M18
02M19
02M20
02M21

02M22

02M23
02M24
02M25
02M26
02M27
02M28
02M29
02M30
02M31
02M32
02M33
02M34
02M35
02M36
02M37
02M38
02M39
02M40
02M41
02M42

LDMP
ADNO
TN
N
ADMP
MPLD
SUMP
ADMP
ADRT
TN
LDMP
SJ
N
TN
LDAD
PMNO
zJ
TP

LDDV
STMP

ADNO
RJ
DVPM
TJ
TN
TP
LDMP
MJ
TP
ADNO
TP
TP
RP
TP

TP
LDDV
PMNO

TJ

i

TJ

RP

TP
PDNO

MJ

P

MJ

My

TP
LDST
STST

00T04
Foo00
Fo000
0000
FO000
00023
00027
00025
00023
C0000
FO000
02M04
00023
00024
00025
00000
02M10
00KO1
00029
o0T08
00706
01R30

00T04

00K02
00K 00
00013
F0000
00000
00KO1
00708
FO00O
00T09
30004
00702
00029
00030
00T12
00000
00K03
02M29
00000
30004
00704
00010
00000
02M39
00000
00000
00T14
00T06
00025

00710
00000
00029
00030
00708
00704
00T10
FO000
00023
C0000
00025
02Mo6
00023
00024
00023
00000
02M09
00023
00023
00T12
00000
01R0O

00000

02M20
FO000
Cogo00
00708
02M11
FO000
00000
00T10
00T11
02M26
00700
00704
00T05
00T06
00000
02M40
A0000
01M20
02M35
00006
00000
01M20
02M50
00RO 4
02M51
00004
00008
00T18

ITERANT
AND
FUNCTIONAL

VALUE

SET uP
FORNEXT
ITERATION

CONVERGED

10-14

00217
00220
00221
00222
00223
00224

00225

00226
00227
00230
00231
00232
00233
00234
00235
00236
00237
00240
00241
00242
00243
00244
00245
00246
00247

00250

00251
00252
00253
00254
00255
00256
00257

00260 -

00261
00262
00263
00264
00265
00266
00267
00270
00271

00272

00273
00274
00275
00276
00277
00300
00301

14
14
13
13
14
14
14
14
14
13
14
46
13
13
14
14
47
11
14
14
14
37
14
42
13
11
14
45
11
14
11
11
75
11

11

11
14
14

42

11
42
75
11
14
45
11
45
45
11
14
14
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30045
04002
00002
00003
04002
15027
10033
05031
04027
00003
30002
00233
00027
00030
30031
24000
00241
00360
30035
34051
05047
00352
20045
00361
00357
00015
30002
00000
00360
04051
00002
00052
30004
00043
00035
00036
30055
24000
00362
00264
00000
30004
00045
74012
00000
00276
00000
00000
00057
30047
34031

14053
00000
00035
00036
14051
30045
14053
14002
51027
00003
14031
00235
00027
00030
05027
00000
00240
00027
20027
15055
00000
00314
24000
00253
00002
00003
14051
00242
00002
00000
00053
00054
00261
00041
00045
00046
20047
00000
00277
20000
00212
00272
00006
00000
00212
00311
00150
00312
00004
34010
36063
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02M43
02M44
02M45
02M46
02M47
02M48
02M49
02M50
02M51
02M52
01R0O0
01R01
01R02
01R03
01R0O4
01R05
01R06
01RO7
01RO8
01R09
01R10
01R11
01R12
01R13
01R14
01R15
01R16
01R17
01R18
01R19
01R20
01R21
01R22
01R23
01R24
01R25
01R26
01R27
01R28
01R29
01R30
01R31
01R32
01R33
01R34
00KO0O0
00KO1
00KO02
00KO03
00KO4
00KO0S
START

RA
RJ
P
P
RA
SA
TU

PDPD
1J
MJ
TV
RP
TP
TP
TV

LDMP
LDSU
MPSU
TP
TP
P
TP
RA
IJ
MJ
P
SJ
TP
P
s
P
LDSU
MP PM
zJ
RA
1J
LDDV
STPM
zJ
MJ
TP
ADNO
MJ
PDPD
05
01
01
01
00
00

00T14
01R15
F0000
C0000
00T17
00016
A0000
00010
00T16
00000
00R00
10003
00013
00KO01
OOROO
00T15
00000
00000
00029
00029
00030
F0000
C0000
00004
00023
00000
00T17
01R28
00T17
00KO1
00013
00013
00706
00031
01R25
00004
00023
00029
00029
01R30
00000
00K 0O
00T06
00000
00010
00000
00000
00000
00000
00002
00777

00KO04
01R01
00006
00007
00016
00015
00005
00010
01MO1
00RO1
01R15
01R03
00030
00029
00004
00023
00031
00706
00031
00031
00032
00029
00030
00KO4
01R06
00000
A0000
01R18
00023
00031
00032
00004
00718
00000
01R31
00KO04
01R22
00031
00000
02M40
00000
F0000
00000
01RO1
00010

PUNCH
ITERANT

EQUATION

CONVERGED

00000 ~01 F C

00000
00000

F o
1 F N

00000 =06 F S

00000
00000 B

ANTS

00302

00303

00304
00305
00306
00307

00310

00311
00312
00313
00314
00315
00316
00317
00320
00321
00322
00323
00324
00325
00326
00327
00330
00331
00332
00333
00334
00335
00336
00337
00340
00341
00342
00343
00344
00345
00346
00347
00350
00351
00352
00353
00354
00355
00356
00357
00360
00361
00362
00363
00364
00000
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21
37
11
11
21
32
15
14
41
45
16
75
11
11
15
11
14
14
14
11
11
11
11
21
41
45
11
46
11
11
11
11

14

14
47
21
41
i4
14
47
45

14
45
14
20
20
20
15
00
00
45

00057
00333
000062
00003
00062
00020
20000
74012
00061
00000
00144
10003
00015
00360
00144
00060
32000
32000
14035

00035

00036
00002
00003
00004
00027
00000
00062
00350
00062
00360
00015
00015
30047
15037
00345
00004
00027

30035

34035
00352
00000
00357
05047
00000
74012
04000
14000
45000
54143
00002
00777
00000

00363

00315

00006
00007
00020
00017
00005
74012
00167
00145
00333
00317
00036
00035
00004
00027
15037
10047
10037
00037
00040
00035
00036
00363
00322
00000
20000
00336
00027
00037
00040
00004
12063
24000
00353
00363
00342
20037
24000
00277
00000
00002
00000
00315
74012
00000
00000
00000
36750
00000
00000
00000
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THE RAMO ~WWOOLDRIDGE CORPORATION

Identification Tag:

Type:

Service Entrance:

Program Entrance and Exit:

Other Routines Used:

Coded and Checked by:

Approved.:

Los Angeles L5, California

I'lcating Point Card Dump

Specifications

MPP -5

Service Routine (with subroutine entrance)
Address L0024 b

37 40020  Loozhk b

This routine uses MDP-4 and SNAP Output

R. Beach October, 1956

W. F. Bauer October, 1956
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MDP-5
Pg. 2 of 2
10/15/56

Description:

This routine operates exactly the same as MDP-4 (Octal Card Dump)
with the fdllowing exceptions:

1. Entrance Address is hOOZh b

2. Output is floating decimal on SNAP output cards. Addresses are
five digit octal numbers with leading zeros suppressed,

3. A parameter word of zero'will dump cells 00000 - 06777 b.

The routine treats each word to be duﬁped as a floating point (SNAP
form) number and converts it to a floating decimal number. Non SNAP numbers
(i.e. instructions and fixed point numbers) may be included among the words
to be dumped but ﬁheir converted values will be meaningless.

The llstlng w1ll be double -spaced ; however, if a card was omitted
because it would have contained all zeros, no additional spacing is provided
on the listing.

The routine is essentially a driver for the SNAP output routlne ‘and
MDP-h modlfying each 50 that MDP-4 uses the SNAP output routine instead of its

octal output section.
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I11.

RR-171

REMINGTON RAND UNIVAC
ST. PAUL DEPARTMENTe—INFORMATION SCIENCE
18 December 1956

1103 TO 1103A CONVERSION ROUTINE

TYPE: Service routine or subroutine,

STATUS:

PURPOSE:

USAGE:

A.

Code checked and machine checked by Bill Wallace.

This routine changes A and Q machine addresses from 20000 and
10000 to 32000 and 31000 respectively, and detects magnetic tape
and external function instructions. Various options are provided
for print out of those addresses where an A or Q reference is
modified, (indicating slso u or v portion) end punching the
converted program in bloctal or flex code.

STORAGE REQUIRED: The program is coded in RECO form and 1t ie
therefore possible to operste the program from a location

providing 320 octal drum sddress and 2000 additional octal drum
addresses for a HSS image region. Such s location of the program
and image region is done by assigning the desired starting addresses
to regions BB end IR respectively, of the reco tape (see coding)

‘a1l other regions being in HSS, and hence remaining the same.

B.

The regiongl assignment can be on a separate tape from the main
program reco tape, but this tape should have END. c.r. at the end,
(See RECO write-up.) .

In eddition to the RECO tapes, a bioctal tape of the program is
availsble where the program i1s stored at 66000-66320, with the
image region 76000-77777.

INPUT-QUTPUT: Output is a punched tape in biloctal or flex code

of the changed program if desired. Alsc the followling is printed
out. as the conversion routine is operating: (This 1s also optionsl.)
u aaasa or vasasa, vhere asasa is the address where an A or Q

‘reference has been modified and u or v shows whether the u or

Ce.

v address of the instructlon hss been modified. Also, TAPE is
printed out when an 1103 magnetic tape instruction is encountered,
and EF and address when an externsl function command occurss

OPERATING INSTRUCTIONS:

(1) Used as e service routine proceed as follows: (the term
"progrem® here refers to a program to be converted.)

a) Master clear, MD start

b) Set PAK to 66000, (or bb)

c¢) Insert in Q the first address of the progrem

d) Insert in Q_ the last address of the progrem :

e) Insert in v address of Ay the address of the last
instruction of the program, or the last address of
the program wherein one wishes to have A and Q
addresses modified.

10-18
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0

RR-171

-2 -
Insert in v address of AL the following codes for
the various options:

00000 bioctal punch of converted progrem and print
, out of addresses where modification ocecurs,

00001 same as above but no print out.

00002 flex code punch of converted program and
print out.

00003 same as above, but no print out,
00004 print out, but no punch of converted program.
00005 no print out and no punch of converted program.

A 56 0 66010 (bbl0) stop occurs if a gross error is
made in the set-up, e.g. transposition of Qu and Qv‘

(2) Used as a subroutine, proceed as follows:

(3)

a)
b)
c)

a)

b)

Program the transfer of parameter as listed above to
the A and Q registers.
Execute the instruction:

~ RJ bb2 bb
The options are selected in the seme menner as
previously shown,

The use of this conversion routine assumes that the
program to be converted is stored either all in core
storage or all in drum storage.

The conversion routine 1s coded for operation on either
an 11034, or on the 1103 (Seriel 9) at RRU, St. Paul.
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v.

£opING

A. Regions

re
re
re
re
re
re
re
re
re

bb66000
11776000
££30000
er0
ab33
ed54
cf71
kk75
mmll2

B. Program

o
QO’*V!-&\\QNHS

10

s W ?ol'-'g

re ual2d
re vall7
re uplss
re prlé2
re tpl73
re ef200
re cs205
re dd212
re t1310

0 bblo

0 bbl0

0 (£1)

0 0

0 0

0 0

1} 0

0 ff

Q bbb

10000 bh5

00000 A

0 ir

bb 0

31777 bbl?

1 irl

30400 eb

bbi erl

31777 bb23

irl 1l

ir 0

bbb Q

bb? A

bb2 bb3l

70036 {70006)

0 bb2

70036 (70006)

00000 bb

dd4i3 ed

dd64 ed2

ddé5 ed5

ddé6 odl3

dd60 cdb

orb A

10-20
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Entrence

Errer stop
Subreutine exit
Storage first address
Storage last address
Storage initial A
Storags initial q*
Constant

Store HS3 ‘
To start of core progrem

Conelusion of program

Restore HSS

Restore Q for dump

Test, subr. or serv?
No, subr.
To exit

No punch

Punch flex

No print, no punch

No print, punch flex
No print, punch bilootal
Last eddress



PX 71900-10-(171)

SERGRE

5

NOVMPBWREO W

orwneBEERE B

-2‘
dd ef
ddl ord
q 25
dadl er3
er3 mm
er3 20017
A kk
orl ddaéo
or3 tt
tt kk
0 bbl
ddé7 mm4
0 cb5
bb27 dd60
bb3l ddéo
0 ecbb
cdl ed
ups ual0
upl ual?
val5 va?7
val5 wvall
0 "~ ¢bs
cds cd2
0 cdb
o5 das
Q ddz
cs pr
0 cb?
(£f£) Q
Q ttl
dds tt3
tt3 A
ddl0 ef
ddll mm
ddl2 mm
20014 k1l
ddl3 tp
20004 kk13
dd27 mmlO
usb ua
vab va
ttl (tt1)
kk A
25 A
ddé A
ors bb2l
kk aa7

10-21
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HSS?
Store first address

Store last address
Sat up transfer

of Modified Contents
Set up first gddress
to be modified

No. of wvords

Error
No punch

Flex punch
No print

Add 76000 to V
Add 76000 to U and V
Arrange to print core address

Mask operation code

External function

Final stop

Interpret

Commands where

V only to be modified
and tape commsnds “

Split instruction,

Modify U orly

Modify U

Modify V

Transfer modified
Content

Obtain current

Address

Test, end of

Modifiable gddress



120
121
122
123

124
125
126
127
130
131
132
133
134
135
136

137
140
14

143
145

147
150
151
152
153
154

155
156
157
160
161

162
163
164
165
166
167
170

171
172

173
174

REEvouwrwned

3

NombdLWODO

=
e 4 food fod fd fd fb et
o mm:«uww& 4\\»»:1-4'8 m‘hwmho

-8

dd4?7

tt2

20004
dd20

ddéo
ebl?7

kk14
tp2

10-22

‘Mask 1

RR-171

Add 1
Modify U only

8% sctal aigit

Q?
A?

Add 21000
To print
Add 12000

Q?
A?

Add 21000

To print

Add 12000
Carriage return

8pece
I‘lv”

Carrisge return
IlU'l
Space

Index

Print digit

Teat for tape
Instructions
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175

176
177

200
201
202
203
204

205
206
207
210
211

212
213
214
215
216
217
220
221
222
223
224,
225
226
227
230
231
232
233
234
235
236
237
240
21

243
244,
245
246
247
250
251
252

@
L]

SOV WO PMPOUNFO MW O SN

[=¥
Q.

10004

10005

prl0

csd
kk

tt5
tt5

-0
76000

20
é\

OOOOOOO‘OOOOOOOOOOOOOOOHBO
CCOO0OO0OO0O0O0OOODO0DO0OO0ODOOOO0O0OO0OO0O

21000
12000

dd42
mm
ddéo

dd42
ef3
4d7o

pr
kkl4

esl
tt5

dd4
£t

02000
7
76000
76000

= =3
80
S8

20000

21000

10-23

Carriage return
Print "tape"

Carriage return

~ Print "EF®
.Print address

To V address mmdificatiog

Subtraet 76000 from V
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253 41
254 42
255 43
256 44
257 45
260 46
261 47
22 50
263 - 51
264 52
265 53
266 54
267 55
270 56
271 57
272 60
273 61
274 62
275 63
276 64
217 65
300 66
301 67
‘302 70
303 71
304 72
305 73
306 74
307 75
310 ttO
311 1
312 2
313 3
314 4
315 5
BW:pac

ha)

OCOCO0O000O0O0O0COO0OOOCOO0O000OO0OONNOQOOCOOO0O

leNeNoNaNalo]

=NolololuRoRololofololoNoRoloNoleNal-NoReRoeNole N oN oo

I
W\
'

QO QOOoO

12000
45

17
34

dd50

WVt N A W -9 ONON~J =T\
[«3% N N&N-&*O#\N*J

oW
v
N

(=NoNoReNoNa Gb%ggs
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Carriage return
Spuce

v
U

ﬁlex code

flex code
flex code
flex code
flex code

Shift up
npn B
nfn

Shift down

Not used

Temporary storage .
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Hil~172
Remisigton Rand Univac

Floating Vector Arithmetic Package

ENERAL DESCRIPTION

This package contains four subroutines: vector roll-off, vector
unpack, scalar product of two vectors, and vector sum, Each of the subrou-
tines is self-contained and can be used independently of the others, These
operations are performed on arbitrarily located vectors of not more than 108
elements, The arithmetic is floating point with one biased characteristic
serving for all of the elements of é vector, The bias of the characteristic

is 409000(8)'

PACKED FORM OF A VECTOR

Associated with every vector, X = (Xjye00o%y), is a set of numbgrs,
(bl...e,bn), each element of which is either 0 or 1, This set of numbers is
defined in the following way: if x4=0, then b;=0; if x;#0, tﬁen bi=1; The
three binary numbers,

by x2324byx2344, | +bsy,

35 34
b37x2 +b38x2 + P .+b72 ¢

b..x2%%4b. x2344, . 4b

73%¢ *b

74 108¢

‘where bn+1=bn+2="°=h108=0 if nZl08, are called the Q-words of the vector X,

It is clear that & vector is well-defined if the 9-words, the number of ele-
ments, and an ordered list of the non-zéro elements are given,

The operand vectors of the flcating vector subroutines must be
packed (or stored) in the manner which we now describe, The first three

addresses of a vector storage location are occupied by the three Q-words.

AN O
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=2- RR-172

The mantissae of the non-zero elements of the vector are stored sequentially
in the addresses immediately following the address of the last Q-word., These
mantissae are scaled so that the numerically largest has 32 binary digits,
There are no blank addresses between successive vectors,

Each vector has a keyword, The v-address of the keyword contains
the biased characteristic of the vector; the u-address contains the starting

address (address of the first Q-word) of the vector, The address of the key-

word of a vector is called the directory address of that vector; the'éggregate
of all the directory addresses of a system of vectors is called the directori
of that system, The keywords are stored in the same order as the corresponding
vectors, and there are no bhlank addresses between successive keywords. Fol-
lowing the .last keyword in the directory is a pseudo keyword. If the last
non-zero mantissa of the last stored vector is in location y, then y+1 is

entered in the v-address of the pseudo-keyword,

NOTATION

1. Throughout the subroutines three blocks of addresses are utilized
for vector work spaces and temporary storage. We shall refer to these blocks
th

as Bg-S, and T, 'By Rj we will mean the i~ address in the block R, We denote

by m the number of elements in the operand vectors,

PROGRAM PARAMETERS

1. Locations 00005 through 00017 are reserved for constants and

program parameters.
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The following parameters must be provided by the programmér:
0n005: Rl=starting address of R
00C06: Sy=starting address of S
- 00007 T1=startiﬁg address of T
00010: m=number of elements in operand vectors,
The following parameters are provided by the various subroutines:
00011: Keyword of vector in R
00012: Keyword of next vector in the directory
00013: (u-address) 3+number of non-zero elements of vector in R
00014: Keyword of vector in S
00015: Keyword of vector in T
00016: (u-address) 2+number of non-zero elements pf vector in S

00017: (u-address) 3+number ¢f non-zero elements of vector in T,

In the event that the programmer wishes to use some of the routines
without using the whole package, it will be necessary for him to provide some

of the parameters in this last group,

ROLL-0OFF

The roll-off subreutine transfers a packed vector, i, including Q-
WQTdS; from permanent storage to R, It is coded in standard form with one

exit and one entrance, and is assembly modifiable.

UNPACK

PX 71900-10-(172)

The unpack subroutine unpacks (i.e., provides all zero elements that
were omitted in the packed vector) the vector, i, contained in R and leaves
the result in either S or T, depending on which entrance is selected. It is

coded in standard form with one exit and two entrances, and is assembly modi-

fiable,
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Pefore entering the unpack subroutine, X must be rolled-off in R,

The roll-off provides. all program parameters,

SCALAR PRCDUCT

If i=(x1,...,x") and Y=(y},...y,), tien the scalar product, XY,

is defined by
__m
X¥=2 Xi¥i.
i=1

The scalar product subroutine forms the scalar product of the vector
in S and the vector in T, It scales the mantissz of this prcduct so that it
contains 32 binary digits.

If either x;=0 or y;=0 then, of course, the term Xi¥y contributes
nothing to the scalar product; in this case the subroutine avoids fcrmation
of the term Xj¥je

We give a brief explanation of how the Scalar product is formed.

m
Associated with the sum XY = Ef'xiyi are three words
i=1
35 34
Ci: ogx2 +02x2 toestCq,,

. 35
C2. 037x2 +c38

analogous to the Q-words of a vector (i.e,, if xiyi=0, then ¢;=0, and if xiyi#O,

P
%2V +eeetCy08,
then ¢;=1; and if n{ 108, then ¢\y1=...=c)0e=0), It is clear that if A, Ay,
A3 are the Q-words of i, and if Bl' By, B3 are the Q-words of Y, then
Ci = L(Ai)(Bi)' i=1, 2, 3.

The subroutine forms Cj, C2, 03; it then stores sequentially in S all those
X;, and in T all those y;, for which c;=1i finally, with a repeated multiply

add instruction, it forms the sum,
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where % is the number of non-zero terms in the sum
m
:E X:V:o
- ivi
i=]

Before entering this subroutine the vectors X and Y must be unpacked

in S and T respectively, The unpack subroutine provides all program parameters,
VECTOR SUM

The sum of two vectors Y=le,...,xn) and §¥(y1,...,yn)vis defined

by
-X"*'Y = (X1+Y1...o,xn+yn)a

The vector sum subroutine forms the sum of the vector in S and the vector in
T and leaves the result in S,
The subroutine compares the characteristics of‘i and'§; it then
shifts right the mantissae of the &eqtor ﬁith the smaller characteristic a
number of bits equal to the absolute value of the difference of the characteristics;
next it adds corresponding mantissae of the two vectors; finally it sﬁifts the
mantissae of the sum until the largest has 32 binary digits.
Before entering this sﬁbroutine, the vegtors ; and ? must be unpacked
in S and T respectively, The unpack subroutine provides all necessary para-

meters,
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Rol1-0ff
Author: _P, Nikolai Date: _27 Auqust 1956
Type: subroutine

Code Check by: R, C, Gunderson

Machine Check by:. P, Nikolai

Correction of Routine: R, C., Gunderson

Revision of Routine: C. D, Dixon

Form: Standard 1103 Subroutine;
Assembly modifiable

Exit: 01001

Entrance: 01002

Storage Required:
Instructions: 01000 through 01020
Constants: 01023 through 01023

Temporary Storage: 01021 through 01022

Number of commands for assembly modification: 240
Preliminary settings: The directory address of the vector to be rolled-

off must be placed in the u-address of the accumulator,

Final Besults:
(R)=Q-words and non-zero mantissae of vector
(000115=Keyword of vector
(00012)=Next keyword in directory

(00013)=3+number of non-zero elements of vector

Time: 3.64 milliseconds, maximum
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Unpack
Author: - _P, Nikolai Date: _27 August 1956
Type: subroutine

Code Check by: R, C. Gunderson

Machine Check by: P, Nikolai

Correction of Routine:

Revision of Routine: C, D, Dixon

Form: Standard 1103 Subroutine
Assembly modifiable

Exit:__ 01001

Entrance for unpack in T: _01002

Entrance for unpack in S: _ 01003

Storage Required:
Instructioné: 01000 through_01046
Constants: 01047 through__ 01054

Temporary Storage: 01055 through__ 01056

Number of commands for assembly modification: 47, )

Preliminary Settings: Before entering the unpack subroutine, the vector,
X, must be rolled-off in R, The roll-off subroutine provides all

program parameters,

Final Results:
for unpack in S,
(S)=Q-words and mantissae of X
(00014)=Keyword of X

(00016)=3+number of non-zero elements of X

T 0N
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for unpack in T,
(T)=Q-words and mantissae of X
(00015)=Keyword of x

(00017)=3+number of non-zero elements of X

Operating instructions:
1, Directory address of x ——=> A .
2, Enter Roll-off subroutine; roll-off X in R,

3. Enter unpack subroutine at 01002 (01003); unpack x in T(S).

Time: 32,1 milliseconds, maximum
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Scalar Product

Author: E, Feller Date: 27 Auqust 1956

Type: subroutine

Code Check by: _ R, C, Gunderson

Machine Check by: ___E, Feller

Correction of Routine: R, C. Gunderson

Revision of Routine: C, D, Dixon

Form: Standard 1103 Subroutine;
Assembly modifiable °

Exit: _ 01001

Entrance: 01002

Storage required:
Instructions: 010600 through 01124
Constants: 01125 through 01141
Temporary Storage: 01142  through 01152

Number of commands for assembly modification: ;gg(a)

——r——

Preliminary settings: Before entering this subroutine the vectors X and
y must be unpacked in S ant T respectively. The unpack subroutine

prbvides all program parameters,

Final Results:
(A)=(01152)= mantissa of X.J.

(0)=(01151)= characteristic of X.y.

. Accuracy: 32 bits

Other subroutines used: Roll-off
Unpack

10-33



LA VLUV IVTLAIL)

-10- | RR-172

Operating Instructions:

1. Directory of X ——>>A . (
2. Enter Roll-off subroutine;iﬁﬁll-off X in R,

3. Enter Unpack subroutine at 01003; unpack X in S,
4. Directory address of y —> A .

5. Enter Roll-off subroutine; roll-off y in R,

6. Enter Unpack subrouiine at 01002, unpack ¥ in T,

7. Enter Scalar product subrourtine; for §-;.

Time:
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Vector Sum
Author: P, Nikelai Date: 27 Augqust 1956
Type: subroutine

Code check by: R, Gunderson

Machine Check by: _ P, Nikolai

Correction of Routine: R, Gunderson

Revision of Routine: C, D, Dixon

Form: Standard 1103 Subroutine
Assembly modifiable

Exit: 01001

Entrance: _01002

Storage Réquired:
Instructions: 01000 through 01132
Constants: 01133 through 01142
Temporary Storage: 01143 through 01146

Number of Commands for assembly modification: ;§§(8)

——iy

Preliminary settings: Before entering this subroutine, the vectors X
and ; must be unpacked in S and T respectively, The unpack sub-

routine provides all program parameters,

Final Results:

(S)=mantissae of x+y, The routine does not provide Q-words for the
vector sum,

(00014)=characteristic of xty,
Accuracy: maximum 32 bits

Other Subroutines used: Roll-off
Unpack
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Operating Instructions:

1. Directory address of X > A,.

2. Enter Roll-off subroutine; roll-off X in g.

3., Enter Unpack subroutine at 01003; unpack X in S,
4, Dircctory address of ¥ -%>7 A,

5. Enter Roll-off subroutine; roll-off y in R,

6, Enter unpack subroutine at 01002; unpack y in T,
7. Enter Veétor Sum subroutine; form X+y.

Time: 37,5 milliseconds, maximum

10-36

RR-172



PX 71900-10-(172)

01000
01001
01002
01003
01004
01005
01006
01007
01010
01011
01012
01013
01014
01015
01016
01017
01020
01021
01022
01023

01024

00
45
45
16
16

11
11
31
15
15
21

31

00
11
1
23
11
11

11

06000
00600
00000
00006
00006
00006
00011
00013
00005
20000
20000
01026
00010
01046
00000
01047
00010
01055
01050
00000

10000

00000
300600
01040
01017
01024
01026
00014
00016
00017

01023

01026

01051
00017
01016
00000
00000
01055

01053

01056

10000

00000

Unpack

Page'l of 2 RR-1T2

Alarm exit (not used)

Normal exit

Entrance for unpack in T

Entrance for unpack in S

Set up

Keyword of ;_-—$37 14

3+ number of non-zero elements of X = 16(u)

A Set up instructions and constants

Q-word -——f7 Q

Q=word ———-

10-37
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Unpack

01025
01026
01027
01030
01031
01032
01033
01034
01035
01036
01037
01040
01041
01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055

01056

44

11

45
21
41
45
41

21

21

16
16
16

11

11

75

00
00

00

00
00

00

01026
00000
01026
00000
01026
01055
00000
01056

01023

01024

00000
00007
00007
00007
00011
00013
00000
10003
00000
00000
00003
00001
00000
00001
00000

00000

01031
00000
01052
01032
01053
01034
01001
01025
01054
01053
01022
01017
01024
01026
00015
00017
01010
01020
00000
00043
00003
00601
00001
00000
00000

00000

’

Page 2 of 2

x (unpacked) —=>S (or T)

Set up for unpack in T

Keyword of X —> 15

3+ number of non-zero elements of x 2> (u)

Constants and temporary storage
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01000
01001
01002
01003
01004
01005
01006
01007
01010
01011

01012

. 01013

01014
01015
01016
01017
01020
01021
01022
01023
01024
01025
01026

01027

01030

00
45
31
35
15

15

15

11
35
15
15
15
16
31
15
21
15
16
31
15
15
16
21

15

©
“

00000
00000
00010
01134
20000
20000
20000
01133
01135

20000

- 20000

20000
00006
00007
20000
0i045
01045
00007
00006
20000
20000
00005
01066
01066

01074

00000
30000
00017
20000
01063
01077
01126
01143
20000
01044

01065

01073

01045
00017
01045
01136
01055
01066
00017

01066

01074

01074
01136
01052

01136

Page 1 of 4

Vector Sum

—

Alarm exit (not used)
Normsl exit

Entrance

Set up constants and instructions

RR-172



Veector Sum

01031
01032
01033
01034
01035
01036
01037
01040
01041
01042
01043
01044
01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060
01061
01062

- 01063

11
16
11

16

11

42

36
42
11
5
11

11

42
11
45
11
15
45
11
15
11
36
16
15

01074
01133
00014
01133
00015
01145
01144
01144
01144
01137
01145
00000

00000

01144

01145

01137

01144

00000

01145

01052
00000
01144
01055
01140
01143
01143

00000

01127
01144
01144
01145
01145
20000
01046
01130
01143
01053
00014
01001
00000
20000
01143
01056
00014
01001
00014
01064
01060
00014
01064
20000
01143
01064

01065

. KH=LIZ
Page 2 of 4

If the difference of the characteristics
exceeds 31(1“), transmit the larger characteristic
to 00014; and transmit the corresponding mantissae

to S, Then go to the exit

If the characteristics differ by less than
32(10), shift the mantissae of the smaller
until the characteristics aré equal; transmit

the larger characteristie to 00014,
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Vector

01064
01065
01066
01067
01070
01071
01072
01073
01074
01075
01076
01077
01100
01101
01102
01103
01104
011035
01106
01107
01110
01111
01112
01113
01114

Sum

54
75
21
31
15
15
21
75
12
11
1
75
42

35

15
23
21
23
21
45
47
11
45
74
11

00000
00000
00000
01074
20000
20000
01100
00000
00000
01133
00000

00000

00000

10000

01077
01146
01076
01077
01100
00000
01113
01133
00000
20000

01140

00000
01067
00000
00017
01076
01100

01141

01075

00000
01146

20000

01110
01101
00017

01146

‘10000

01146
01146
01146
01076
Oilll
00014
01001
01143
20000

Page 3 of 4

Add corresponding mantissae and transmit

to S,

Find the‘numerically largest mantissae of

the sum, and transmit to the accu@ulaior‘

Calculate the characteristic of the sum

and transmit it to 00014
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01115
01116
01117
01120
01121
01122
01123
01124
01125
01126
01127
01130
01131
01132
- 01133
01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01146

Sum

36
46
16
45

11

g8 8 8 8 8 8 8 8 8

]
<o

8

01143
01142
01122
01143
00000
01140
01143
10000
00014
00000
00000

01145

00014
00000
20000
10000
00003

00000

00001

00000
00000
00000

00000

01143
01143
01120
01127
01125

Y
&

10000
01127
01143
01001
00000
00014
01065
10000

00000

00003
00040

00110

00003
00000
00000
00000

00000

saen & v

Page 4 of 4

Shift the mantissae of the sum so that the

numerically largest has 32()¢) binary digits.

Constants and tempcrary storage
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01000
(1001
01002
01003
01004
01005
01006
01c07
01010
01011
01012
01013
01014
01015
01016
01017
01020
01021
01022

01023

00
45
16
15
11
75
11
15
11
15
11
15
23
35
00
11
75
00
00

11

000G0O
00060
00005
20000
01023
30002
(0000
00011
01022
00012
01022
00011

00013

01020

00000

00000

30000

00000

00000

00000

00000
30000
01017
01023
01006
01007
00011
01017
000123
00013
01021
01021
01021
01016
00000
00000
01001
00000
00000

00011

_ RR-172
Page 1 of 1

Roll1=-0ff

Alarm exit (not used)
Normal exit
Entrance

Set up instructions
Keyword of X =, 11
Keyword of next vector ————> 12
Starting address of X =———>1017(u)

Starting address of next vector ——=> 13(u)

Starting address of X —==s> 1021(u)

3+number of non-zero elements of <X -——§> 13 (v

Constants and tenporary storage
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01000
01001
01002

01003

01004
01005
01006
01007
01010
01011
01012
01013
01014
01015
01016
01017
01020
01021
01022
01023
01024
01025

01026

01027

00
45
31
21
15
16
15
21
35
15
31
21
16

21
35
16
31
15
31
35
11
11
11

00000
00000
00007
20000
20000
20000

20000

- 20000

01136
20000
00005
20000
20000
20000
20000
01136
20000
00006
20000
00010
01124
01125
01125
01130

30000
00017
00007
01037
01040
01044
01135
01055
01075
00017
00005
01036
01040
01135
01056
01075
00017

01036

00017

01035
01142
01143

01145

Page 1 of §

Scalar Product

Alarm exit (not used)
Normal exit

Entrance

$Set up instructions and constants
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Scalar

01030
01031
01032
01033
01034
01035
01036
01037
01040
01041
01042
01043
01044
01045
01046
01647
01050
01051
01052
01053
01054
01055
01056
01057
01060
01061

01062

Product

11
11
11
36
11
00
11
11
51
21
21
41
31
47
23
46
21

45

11
44
00
00
21
21
21

41

01125
01127
00010
01133
01131
00000
00000
00000
onnoo
01037
01040
01150
00000
01052
01147
01072
01044
00000
01044
00000
01055
00000
00000
01055
01056
01145

01147

01151
01146
20000
01147
01150
00000
00000
10000
00000
01132
01134
01037
060000
01046

01137

00000
01134
01134
01132

01064

RR-172
Page 2 of 5

Non-zero x; —>> R
Non-zero y; —=3T



Scalar Product

01063
01064
01065
01066
01067
01070
01071
01072
01073
01074
01075
01076
01077
01100
01101
01102
01103
01104
01105
01106
01107
01110
1111
01112
01113
01114

45
41
11
45
21
21
45
15
11
75
72
47
11
11
45
43
74
11

45
74
11
54
23
21
16

00000
01146
01127
00000
01055
01056
00000
01145
01125
30000
00000
01102
01125
01125
00000
20000

20000

20000

01152
00000
20000

20000

01152

01151

01151

00014

01072
01054
01146
01050
01132
01132
01062
01074
20000
01076
00000
01077
01151
01152
01121
01107
01151
01152
00105
01113
01151
01152
00105
01126
01140

01142

Page 3 of 5 RR=172

Xy mantissa —> A

/-‘ X+y characteristic ——> Q
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KK —L1ic
Page 4 of 5

Scalar Product

01115 16 00015 01143
01116 21 01i42 01143
01117 21 01151 01142
01120 23 01151 01141
01121 11 01152 20000
01122 11 01131 10000
01123 45 00000 01001

01124 75 30003 01037

//
01125 00 00000 00000 b
01126 00 00000 00110
01127 00 00000 00043
01130 00 30000 00000
01131 00 00000 00002
01132 00 00001 00000

; Constants

01133 00 00000 00001
01134 00 00001 00001
01135 00 00003 00003 .
01136 11 00000 00000
01137 00 00000 00044
01140 00 00000 00003
01141 00 00000 40000 A
01142 00 00000 00000
01143 00 00000 00000

01144 00 00000 00000

01145 00 00000 00000
Temporary storage
01146 00 00000 00000

01147 00 00000 00000
10-47
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Page 5 of 5
Scalar Product
01150 00 00000  000N0

01151 00 00000 00000

01152 00 00000 00000
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SIGNIFICANCE PRECFRVING FLOATING BINARY POINT ARITIMETIC FOR DIGITAL COMPUTERS

I. Introduction to the System

The motivation for this system was a desire to be able to preserve in
some way an indication of the significance of the result obtained from a series
of floating binary point arithmetic operations on a digital computer. For thp
sake of abbreviation this system shall be referred to as "SP", Now the ideas
and theory of SP are iﬂdependent of any particular computer. However, since it
vas deslgned for the ERA 1103, it will be convenient here to make frequent refer=
ences to the 1103 and to use "1103 language".

Most flo&ting point systems use a packed form of 28 bits for the mantissa
of a floating point number and 8 bits for the characteristic, After each arith-
retic operation the mantissa is normalized.so'that 28 bits are always kept in the
result. Now significant bits can be easily lost by subtraction and this would -
rake any computations depeﬁding on this result less accurate. But when 28 bits
are.always kept the programmer has no 1ndications of any significance being lost.
It is the aim of SP to overcome this difficulty by preserving only the significant
bits in the result of each arithnetic operation, |

A desirable way to accomplish this goal 1s to make SP a non—ﬁormalizing
systen And hence one muct use a different representation for flogting point numbers.
The rcpresentation uced must be capable>of indicating how many sicnificant digits
there arc.

A 28-8 pecked fors was chosen tut inctead of the‘tcrms “ﬁantissa“ and’
“chaructcri:tic", the terms "oirndficint port" and "exponent” :hnil be ured respec-
tivelyo . In CP, loth the cirnificont ]4ft snd the exponent are intererse Thusv

Terne aecor o0 nod din Lo o ol et preb 30 Ahire crve Leso tlhen 28 eiqnificant

10-49



RR-173

bits. A number, N, in this system, 1s then of the form

where Ns and Nx are the éignificant part and exponent respectiVely. Numbers of
this type shall be referred to as SP numbers.
Numerous examples will be given throughout the rest of this introduction.
Octal and binary representations will be used and it will be clear in each case
which of the two applies. |
The number 5 written with 3, 10, and 2 significant bits will appear as
folloﬁs:

101 x 10°,

1,010,000,000 x 101,
1 x 10
Note that in the last case, 101 was rounded to 11 and the exponent adjusted accord-

ingly. These numbers would appear in packed form in the 1103 as

0, 000, 000, 000, 000, 000, 000, 000, 000, 1013 00, 000, 00O
0, 000, 000, 000, 000, 000, 001, 010, 000, 000; 11, 111, 000

0, 000, 000, 000, 000, 000, 000, 000, 000, 011; 00, 000, "1

respectively (recall that the 1103 uses the one's compleﬁent system) where the
gemi-colon marks the 28-8 split, | |
Concider the SP number 1011 x 101100 This can be thought of as béing
the number 1011, CXXXX XXX e e e
where the X's denote uncertain bitec and the comma marks the end of the significance,

Mote that one bit after the comma is a 2ero. If this were a one the significant

rort would hove teen rounded off to 1100. An analogous interpretation can be given

10-50



PX 71900-10-(173)

RR-173
-3

to SP numbers with negative exponents,

An SP number, N = Na . 2“x satisfies the following inequalitys
(B -1/2) L 2XE N LW +1/2) o 2%

Now suppose Na = 0. This inequality implies

2%=1 ¢ g ¢ o1

SP can have many zeros instead of a unique zero. Note that the number O x 1011
could be interpreted as the number 4 OXXXXXX.,XXXe..s Where the X's are uncertain

and there are no significant bits, i.e., as a number with order of magnitude onlye.
Having these zeros in the system 1s an advantage. Suck zeros can easily be generated
by subtraction and an SP zefo for an answer does not give a false indication of

significance,
Let N = 3764521 x 217, M = 754321062 x 225,

Note that M is a full sipgnificance number. Suppose N and M are to be added. To
do this they must be adjuéted so that their exponents ore equale. Then the addition

is performed as follows:

Ms 754321062 00 17

N3 37645 | 21 217
MMt 754360727 21 17

Tho vertical line indieates where the significance of the answer stopse Rounding

ond truncating here glves

) "
Mo+ = TA0TT x 20



RR-173
-4 -

Note that M was shifted left (25 - 1%) = 6 binary places and the 6 bits were
discarded. If the exponents of two numbers to be added differ by more than

28 then the larger number can be taken for the answer since there is no point
in left ‘shifting a number more than 28 places. Thus adding 0 x 240 ang 10 x 2?
gives 0 x 2%0 for the answer. Take N = 0 x 227, M = 1234 x 223 and follow

the same method as aboves

N: 00, 000, 000, 000 | 000, O x 223
Ms 101, 001 | 110, 0 x 2°3
N4M3 101, 001 | 110, O x 223

Rounding and truncating gives 110,010 x 1010111, l.e., 52 x 227'for N + M,
Now subtraction reduces immediately to addition. Consider the
following two problems, however, which are examples of how an SP zero can be

generated and how significance can be lost.

(a) (54 x 257) - (1 x 2%

-1 | 00000 x 227
+1 | 01100 x 297
0 ' 01100 x 297

Anewer: 0 x 264.

(b) (-1073 x 2717%) = (=43 x 27149

2

+ 100011 | 0000 x 2-15=
- 100011 | 1011 x 2152

-0 | 10m =152
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Answer: -1 x 2-146 (Notes round off mokes significant part

different from zero).

Suppose that N and M as given in the first example of addition are
to be multiplied (N = 3764521 x 217, M = 754321062 x 225),

(3764521) (754321062) = 3646563 l 460351722,

Only 7 octal digits can be kept in the'fipal answer. Therefore the
above product must be rounded and trungated vwhere the vertical line is. Then
the significant part of the answer is 364656L. Now 33 bits were discarded.
This means the exponent of the answer 1is

‘ 17 +25 +33="177,
fe0., N o M = 3646564 x 277,
Consider the problem of multiplying 2 SP zeros, sabe =0 x 210

and M = 0 x 222, By the inequality given above,
[NI ¢ 27, l u | ¢ 222,

Hence the product should be such that
| v € 23,

In view of this, 0 x 232 could be given as the product, However, it turns
out that the algorithms and the coding for the 1103 are simplified if the
answer 0 x 233 (obtained by simply adding N, and‘ﬂx) is given. The decision
was made to pive this answer rather than the first one. This does not differ
rwuch from the other answer and the advantages outwelpgh the disadvantagesa

One other cnse turns up, e.r., (0 x 227y (1234 x 2°3), Since the
ojeraond with the lenet signifjcwﬁce is an SP zero, the answer given pact nlso
Le an CP zeroe. The snswer here is obtrired by s»dding the exponents and the

TN o
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nurber of bits which must be discérded. Hence the exponent is
27 +23 + 12 = 64,
and the ansver is 0 x 264.

The division is perhaps more difficult. Consider N = 3764521 x 217
and ¥ = 754321062 x 225. Before dividing, shift Ny and Mg left until they
hoth have 35 bits (and one leading zero, 1.e., sign bit)., One then has
(adjusting the expénents)z
N: 011, 111, 116, 100, 101, 010, 001, 000, 000, 000, 000, 000 x 20

M: 011, 110, 110, 001, 101, 000, 100, 011, 001, 000, 000, 000 x 213

If the division 1s carried out to 43 places, the result is (discarding remainder
and not rounding).
o1. ooo, o10, 0O1, 011, 011, 00O, O | 11, 111, 100, 110, 011, O .
The vertical line indicates where the éuotient 1s to bé rounded and truncated
(kéepingyéams_number of bits as there are in Né). Rounding here and woving
the binary point to the line gives for the exponent
"0 =15 = 23 =« 40,
Hence the answer is

10, 000, 100, 010, 110, 001, x 10~ 100>000,

e, 2042661 x 2740,

The next case to consider is N = M where Ng =‘0 and Mé # 0. Take
N=0x 227, M= 1234 x 223. Clearly an SP zero is required for the answer.
€omparing this with the multiplication of the same N and M above Qogld Jead

one to take
27 = 23 - 12 = =6
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for the exponent (subtracting 23 and 12 instead of adding). This can be
justified by the above inequalities also as follows:

| v [¢2?® and | M <1234 x 223 ¢ 295,

Hence

N[ —-‘—[M ]<2“7, i.ee, N+ M =0x27°,
. Now suppose NS =0, Mg = 0. For example, N = 0 x 2“66, M=0x 2'42.

SP zero divisors can be allowed providing the answer is interpreted correctly.

Comparing again to multiplication, one would be lead to give
—66 - (-42) = - 24

for the expoﬁent. This case differs slightly from what the inequzlities gives
as did the same case in multiplication. l N l 3_2’67, J Pil < 2-43 would give
approximately 2724 or 0 x 2723 for an answer. But as in multiplication, it is
more convenient to take O x 27°% for the answer. Note that in multiplication
the exponent was given one higher than that given by the inequalities, and here

it is one lower. One can not put this answer in an inequality very well since

-if the divisor is small compared to the dividend the result would be large,

and 1f the relative sizes are the other way around the answer is small. Hence
"approximately 2“24" was used above. A feliable ansver can not be given in
this case.

If Ns #0 and ¥M_ = 0 the result is not quite so unpredictable. Take

5
= (01 4 o = 24, : . '
T=d21 xR 77, M =0 x 21%4, Since the muserator is not zero, the number of

tite in 7 chould be added to the differcnce of the cxponcnte. lience the exporcnt
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(it twrns out thet thic ic out of ronpe - see part II). Thus the ancwer is

=212 . , .
0 x 2 1 « One can argue this case on the basis of the inequalities similarly
to the previous onc. - Hote that here, since the divisor is not bounded away from

sero, the result is not bounded above, 1l.e.,

[v = |22,

This is the interpretation for answers resulting from zero divisors which was

referred to aboveo
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ITI. SP Arithmetic Algorithms

A.

B.

General Remarks
It is intended that the discussion end exzmples given in
Part I should serve as motivation and illustretions for the follow-

ing elgorithms.
A list of the notation used throughout the rest of this
paper is given here for convenience.
1, Operands shall be denoted by N and M, where N = NS-ZNX and
M= M5'2Mx, the subscript s denoting the significant
part and the subscript x denoting the exponent of en SP

number,

2. The result of an operation shsll be denoted by R = RS-ZRX.

3. B(X) shall denote the number of binary digits in an integer

X, including one and only one sign bit. This convention is

used on all bit counts,

L. let A = B(¥s),
B = B(Ms)>»
C = B(min(| Ns|»|M¥sl))s
D = B{max(|] Ng|s|¥s|)),

and let E be the number of bits of the raw product, quotient,
or sum of Ng end Mge Observe thet C = min(4,B) and D = max(4,B)

Addition Algorithm: R = N + M,

To edd N and M it is necessary to adjust them so thet
their exponents ere equal. This is accomplished by determining
which number has the lsrger exponent end then shifting the binary
point of the significent pert of this number to the right so that
the exponents will be equel, This adjusted significant part is
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then added to the other unadjusted significant part and the sum
is truncated end rounded to give the significent part of the
unswer. The exponent of the snswer will be equel to the maximum
of the two originel exponents, This is the method in brief,

Without loss of generality,~euﬁbose N, = max (Ny,ix)o

Then Ng 1s shifted left a number of binary pleces equal to

(N, = My)s After adding Mg to this end rounding, the result
is truncated by discarding the right most (N - My) bits.

This number becomes R,, the lowest order bit is discarded
(after the round off as above), end Ry = Ny + 1. (A cerry of
oné blt can produce a 29 bit sum)s In this cese if Ny = 127
then Ry 41 = 128 and is out of range. When this happens an

alarh 15 given and computation stops.

Now there is one exception to the above outlined
prdbedure. Namely, when 28 < lnt - Mx[. In this case R is taken
as the number with the highest exponent. The preceeding method
would give this result anyway. This exceptiqn 1s necessary
eince the computer used imposes & limit of how much a number can
be shifted (the exponents could differ as much as 254 and the
shifting 1limit is much less than this).

Note that thie algorithm covers ell possible SP

numbers,including zeros.
Subtrasction Algorithms R = N - M.

To subtract M from N it 1s necessary only to change the
sign of M and then add (change the sign of M by replacing Mg with
-Mg). The nature of the 1103 puts one restriction on this (see

part IV, subtract control routine).
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Multiplication Algorithm: R =N * M.

Briefly, multiplication is accomplished by adding the

exponents, multiplying the significant parts, rounding and

truncating and then compensating for the truncation by adjusting

the sum of the exponents.

In order to detérmine the number of bits to keep it

is necessary to count the bits of the operands. The smzller

count gives the number to keep (this number has been denoted by

C, see pert A sbove).

Two distinct cases erise in multiplicstion.
Cese 1, Ng £ 0, Mg # 0. 1In this case N and Mg are

Case 2.

multiplied and the product is rounded and
truncated just to the right of the first
(high order ) C bits. This becomes Rg. Ry

is glven by the following:
Rx= Nx+ Mx + (E ”C)'o
Note thet (E-C) is the number of bits that

are discarded.

Ns = 0 or Mg = O, If one of the two operends
is zero,'i. e. has no significance, then
the round off rules require that the :product

has no significance, i.e. Rg = 0. Hence it
is only necessary to compute the exponent,

Ry Now if both Ny = 0 and Mg = 0 then
Ry = Ny + My. Suppose one of the two is not

zero. Then the number of bits it has, minus

~ one, (to account for the sign bit) must be

added to Ny + My. Using the conventions
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adopted, Rx is glven by
~ Note that if N8 = 0 and M; = O then D = 1, and
‘vthis formule agrees with the above statement.

Thus this equation is used for both possibilities in

Case 2.

E. Division Algorithms R = N + M,

| Consider first the case N, # 0 end My £ 0. Before
dividing Né by My, they ere both scaled up to full 36 bit word
length and N is shifted left 34 places in the accumulator. This
assures & 35 or 36 bit quotient, end prevents a zero quotient
or a divide overflow. This quotient is then rounded and truncated
the same as in multiplication to give R,. When computing Rx the
sceling up of Ng and Mg, shifting of NS, end the number of bits
discarded from the quotlient must be teken into account. C bits
are kept as in multiplicetion, hence (E - C) bits ere discerded.
This must be added to N - Mx. Subtracting 34 eccounts for
shifting NBTand adding (& - B)raccounts for the initisl shifting
of NS and Ms' Thus R& is given by

R =N =M -34+ (A-B) + (E-C).
Now suppose N_ = O and M # 0. If the above algorithm

for dividing NB by Ms 1s followed, the: quotient will be zero.

" However, the method used for counting the bits of the quotient will
give a count of 35 (see Part IV)., Now C = 1, hence (E - C) = 34
and this will cancel the =34 in the above expression for R_.
Since A = 1 the formula reduces to '

Rx=Nx-Mx+'(1-B)
which 1s gs it should be (B £ 1 since M, # 0)e Thus the
algorithm will give R correctly for ell casea except when MB = 0,
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Suppose Mg = 0. Clearly the quotient must also be
a zero by the round off rules used. Hence in this case it is
necessary only to compute Ry. If Ng = 0, Ry = N, - Mx.' But
if Ng # O then Ry must be adjusted to compensate for this. This
adjustment is taken care of by adding (A = 1) to (Ng - My). If
Ng = O then A = 1, hence one can say that for either case

Re = Ny = My + (A - 1).

Comparison Algorithm

Two SP numbers are defined es equal if their difference
is an SP zero (see the two examples on subtraction). Hence to
compare N and M it suffices to subtrsct M from N end test the
differences If N - M is a positive SP number (not a zero) then
N>M, If N-Mis a negative SP number, N <M, and if M- N
is a zero then N = M. ‘ ‘

Note that under this definition of equality all SP

' zeros are equal,

Notes:
In multiplication and division it is possible for Rx

to get out of range in two ways, i.e., Rx > 127 or Ry < = 127.
If Ry > 127 then en alarm 1s given as mentloned in part B above,
If Ry < = 127, low order bits of Ry are discarded and the ex-

ponent is increased to - 127. If R, + 127 + B(Rg) < 2, i.e.,
if 811 the bits of Rg are discarded and the exponent will still
be out of range, then 0 » 2 7 127'13 given for the result.

In all four arithmetic operations the trunceting point
is determined before roundihg. Thus it is possible for the round
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off to give a carry of one bit. If this extra bit makes

B(Rg) = 29 then one low order bit is discarded and Ry 1is increased
by one. This necessitatos testing R again to see if it is

still within renge. (Rx is always tested before any truncoting

or rounding is done),

10-62



PX 71900-10-(173)

RR-173

III, H§w to use the SP Interpretative System
A; Introduction,

There are 7 possible SP operations. These are all performed
via the interpret instruction. The general format of such an
IP order is IP X AAAA Y BBBB, Qhere X and Y are operation codes
and AAAA, BBBB are MC Addresses. Four of the 7 SP operations
are single address instructions, i.e., the u and v part of
the IP order are each a complete instruction. This necessitates
a no-op code to fill in space if the programer happens to have
an odd number of instructions to perform in a given group of
IP orders. This no-op instruction makes a total of 8 per-
missable psuedo operations, one corresponding to each of the
octal digits O through 7 (X and Y above are single octal
digits}. Two of the SP operastions are of such a nature as to
require both the u and v part of an IP order and hence are
double address instructions. There is one quadruple address
instruction, i.e., one which uses two 1103 words.

The 8 possible instructions and their codes are as followss

CODE INSTRUCTION TYPE

0 No-op. single address:

1 Add | " "

2 Subtract | n u

3 Multiply / | " "

4 Divide n "o

5 . Compare quadruple address
6 Repeat Multiply Add double address

Polyna.[y Yoitiply ' " u
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These 1nstruction5'operat§ on packed operands (see part I
for method of packing). A psuedo accumulator is used for the
arlthmetic operations, e.g., operstion 1 adds the packed
operand to the packed SP number conteined in the peuedo
accumulator, leaving the result in the psuedo accumulator.
The other operationé ure of a similar nature., This psuedo
accumulator shall henceforth be denoted by fa. The‘initial
loading of fa end getting the answers out of fa is left up
to the programer. Furthermore the contents of the 1103 A-
repister ana Q~register are not saved, This is not incon-
venient since the 1103 arithmetic operations use these registers,

Each of the 8 SP operations will now be described individually,

- Part C describes the alarms. See part V for address data.

0. ﬁo - ODe

The code for this 1s 0 ZZZZ where this 5 diglt number can
be in either the u part or v part of the IP order. The Z's can
be anything since they are ignored.

A1l this order does is to Jump to the next instruction,
which could be the v part of the same IP order or the 1103
instruction immediately following the IP order (this could be
another IP‘order). |
1., Add | | .

The code for this is 1 AAAA where this 5 digit number
can be in eilther the u part»br the v part of the IP instruction,
AAAA must be the MC address of the packed operand to be added to

fa.
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This instruction adds the SP number in AAAA to the number
which is already in fa, leaving the sum in fa. -
2., Subtract

The 5 digit code for subtraction is 2 AAAA and this too can be
either in thé u part or v part of the IP order; AAAA is the MC
address of the operand which is subiracted from the 6perand already
in fa. The difference is left in fa.
3. Multiplicationm.

The code here is 3 AAAA inu or v ﬁart of IP order. This

“instruction multiplies fa by the &P number in AAAA leaving the

~product in fa,

4o Division

The number 4 AAAA in the v or v part of an IP order causes
the SP number in fa to be divided by the SP number‘in ALAA, The
guotient is left in fa.
5. Compare

This is a quadruple address instruction - a 3 way jump -
and requires 2 consecutive 1103 words. The format of the code is
as follows:

1st word: IP 5 AASA XXXXX

2nd word: 00 YYYYY 22277
This operation compares the SP number in MC address AAAA with the
EP npurber in the psuedo accumulutor, ra. It then causes a manual
jump to one of the addresses XXXXY, YYYYY, or 2ZZZZ as follovs:

lct the SP nunber in fa be denotoed by E and the SP nmueber in
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AAAA by M, thon I1f M >N jump is to XXXXX, if M = Il jump

is to YYYYY, and 4f M < N Jump 1s to Z222Z. Note that these
can be either MC or MD address., The 2 digita 00 can be eny=-
thing since they are ignored.

By choosing the jump addresses correctly one can use
order 5 for an equality jump, zero jump (if fa contains a zero),
tlireshold jump, or & three way jump.

The flnal contents of fa is N = M,

6. Repeat Multiply Add _

Format of code is IP 6 AAAA J BBBB. The number, n, of
times the operation 1s to be done must be stored in the MC
address denoted by wslé (work space 16). The J has the same
function as the J in the usual 1103 repeat instruction. Thus
if J = 3, this operation multiplies the SP mumbers in AAAA
and BBBB and adds the product to fa, then multiplies the two
numbers in AAAA + 1 and BBBB + 1 and adds product to fa, etc,
This 1s done a total of n times, Hence n operands must be
stored in cohsecutive addresses starting at AAAA and n more
starting at BBBB, If J =1 thenAbnly the BBBB addresses are
increased by 1 and if J = 2 only the AkAA, If J = O the numbers
in AAAA and BBBB are multiplied and added to fa n times,

The first bit of J is ignored, so that J = 4, 5, 6, 7
will cause the same operation to be perforﬁed eas J = 0, 1, 2,

3 reppectively, Now if n O the number in fa i1s left unchanged
and the next instruction after the IF 1s performed. Further=-
more the index n stored in wslbé is preserved anﬁ can be used
apain,

7. Polynomial Multiply
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This SP IP instruction evaluates a polynomial of the
form P (X) = A X+ An_lx“"l taee H AT+ AL

The format of the IP order is IP 7 XXXX O XXXX where -
XXXX is the address of X and AAAA is the address of An:
Anel’ :\ nen? **? AO must be stored in consecutive addresses
following An. The octal digit O is ignored. The degree of the
polynomiel, n, must be stored in the MC address denoted by wsl?7.
Note that n is the degree of the polynomiel and hence n + 1 |
coefficients are required. The only restriction on n is the
gmount of space avalleble in MC for the n + 1 coefficients.
This n is saved too as is the one for the multiply add operation
end hence can be used es many times as desired. P(X) is in fa
after the eveluation is completed, If n =0 (or if e negative
integer is given for n) then the first coefficient is left in fa.
Thus evalvation of a zero degree polynomial is legal. N?te that

the contents of fa prior to the start of evaluating P(X) is lost.

Alerms

As mentioned previously, there are two alarms in the SP inter-—
pretive system. These are given if the exponent gets out of
range or if one has en SP zero for a divisor.

If at any time the exponent of the result of an arithmetic

operation exceeds 127, the typewriter prints mx xp (meximum exponent)

and the esddress of the IP order being performed. This can happen
elso in the middle of the repeat multiply add or the polynomiel

mltiply operstion os well as during the simple
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arithmetic operations. .After the print out the computer stops
on a menual stop. Sfarting will cause the alarm prirt out to
be repeated.

When the SP zero divisor occurs the typewriter prints out
div = 0 and the address of the IP instruction being performed.
The computer stops on a manuél stop. Starting the coﬁputer will
cause the division operation to be completed and the program

continues in the normsl manner,
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V. Miscellaneous Notes

1. - If an input SP number is supposed to be zero use 02117

and not an 1103 zero.

2. It 1s possible to gain significance in all arithmetic
operations because of round off and carrys.

3. If a programmer gete sn mx-mp alarm he can reset PAK and
proceed only if further computations do not depend on the one which gave
the alarm. The exponent which gave the alarm is lost but some informetion
can be gbtained by examining the contents of the working space (see coding,
part 1IV).

Le Every 1103 number except all ones is a legal SP number.

5. When setting up od2 with the MC address of the operand,
00-07777-00000 is used for a mask. Thus an MC address must not exceed
1777 1f an 1103 is used. This mask is used for two reasons:

(a) SP can be used in an 11034

{(v) If for the 1103 the programmer hes
an illegal address he will get an
SCC fault instead of the comrutations
being done wrong with no warning.

6. ws and fa must be assigned equal regional values.

7. A1l regional assignments should be in MC except pa, ea, da,

and pc which can be in MD to save space (pec can be assigned to any place
where the flex codes for O through 7 are stored in consecutive order).

10-69



RR-173

IV, Decertition of Interpret Cyatem

SP 18 codod using Reco 1I. There are 18 regions in the system
not counting conctants and working spaces. A brief description of each of

the 18 parts of the propram will be givens The coding for these follows.

IE: Any interpret instruction causes control to be turned over
to IP. This routine sets up the SP exit, locates and stores the

interpret order and drives OD.

0D: OD decodes the SP operation code in the u and/or v part of
the interpret order. It then causes a Jump to the control routine
corresponding to this operation code (or in case of no-op jJumps
back to IP). Note that for operations 5, 6, and 7 OD decodes only

the u~-op cince these are not single address instructions.
CA: Add algorithm control.

CS: ‘Subtract algoritim controle.

CM: Multiply algorithm cont;rol.'

CDs Divide algorithm cdntrol.

£C: Comparison algorithm control.

CC compares N and M and causes & jump to the specificd destination
for each of the three possible casess M » N, M= X, M<K

Note that thie is the only contxrol routinn' that does not exit

via the SP EXIT, |

CNs CH controls the repeat mltiply adds looates the Hi and Mi
and does the presoribed multiply add operation,
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CP: CP controls the polynomial multiply or polynomial evaluation:

locates coefficients and X value and computesk % OAka
U: KU clears working space and unpacks the SP numberse.

MD: MD counts the bits of NS and MS and lines them up. This

routine is used only for multiplication and division,

GA: GA is the basic add algorithm routine.

»”

CM: GM performs the main part of the multiply algorithm.

GD: GD porferms the main part of the divide 2lgorithm. GD jumps

to an alarm when a divisor which is zero is encountered.

-

RP: RP is the round and pack routine. It is entered immediately
after the completion of the GA, @, or GD routines. When RP is
entered the exponent determined in GA, GM, or GD,is in the 1103
accumulator and the significant bits of the answer ore in wsl4. From
GM and GD, ws1/ contains 36 bits of the rough answer, lined up.

(If the enswer is en SP zcro,-(ws14) = 0). RP then rounds aﬁd
truncates this at the proper place. TFrom GA, ws1i contains the
significant bits of the onswer and one extra for round off, except

in the case when the larger mumber Is teken for the cum, then it
contoing only the cignificant port of the answer (Shere bite are

in the low owder part of ws1/, the hizher order bits helrs sign

(3

KR . . ~oLY av v 3 PR
icont port ol the ansuer in A left and

)
5

1, = ik A R
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PAty  PA prints out the address of the IP instruotion in case there

is an alarm,
FEA: Exponent alaru. EA prints out "mx xp®

DA: Divide alsrm. DA prints out "div = O,

Note: In the coding annotations that follow, gctal mumbers are

used almost exclusively.
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Packed answer (ws = fa = psuedo accumulator)

o
[2+]
o

max (NX, ﬁx), md and gd: lined up Ns
ga: le - Mx]’ md end gd: lined up M,
gn: bits of product (E)

B(Né)

B(MS)

no. bits to keep in rp: B(min ([NS], lMs[) in md, gm, gd; 43 or 44 in g2

md, gm, gd: B(mex (lel, JMSl)

significant part of answer (+ some bits to be discarded)
IP order for decoding |

"t for repeat multiply add

"y for repeat polynomial multiply

temporary storage for i{f: n multiply add

various indexes

"psuedo x - register" —used to store SP operands.
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Prepared by Pfo, Riochard E. Adler
Flight Simulation Branch, EML
White Sands Proving Ground

New Mexico

The rumber 317 was taken as a starting point, This mmber was squared,
and from the square the fourth digit through the eleventh were removed and
designated as the first random number. The first random number was multi-
plied by 315 and the fourth through the sleventh digits of the product be-
came the second random mumber. This process was continued for as many
random numbers as needed. -

If less than 8 digits ocome out in the result, zeros are placed be-
fore the mmber until 8 digits are reached. When the random numbers are
used in a problem on the 1103, they are stored on the drum and used as
needed or put on magnetio tape. |

Listings at the end of this report are from IBM ocards containing 7
sets of 8 digits each. |

The table of random numbérs attached can be used for as many digits
as needed. The digits within the 8 digit groups have been tested far

randomness also,
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RFSULTS OF TESTS

Ons means of checking the randcmness of these 8 digit numbers was the
Chi Square test which is a teat to determine the goodness of fit of the
actual dats to the theorstical distribution. The test involves the calou-
lation of‘ xj (Chi Squars), X’Z-:E_ (Sm;_ﬂz vhere f, = actual frequencies ,
f = theoretical frequencies. By reference to a set of X"tablaa Chi 8Bquare
may be evaluated, A program was written and this teat was applied to sll
of the 16,000 8-digit groups. The results are found in Table 5,

In order to check the randomness of the individual digite within the
groups, the following tests var_; applieds poker test, even-odd test, fre-
quencies of ordered pairs and the Chl Bquare test to 1nd1v1dual_digitava~ ‘

TADLE T
EQRER TEST
500 Groups of §

CLASS SIMBOL f, £ (fo - £) (o -2)2 (gﬂ_;_g)zi
Buste abode 175 . 151 24 576 3.8~
Paire asbod 230 252 -22 484 1.9
2 Palra  aabbe 61 54 7 49 .9
3's anabo 28 36 -8 64 1‘.8
Full Houss asabb 4 4 0 0 0
L's aaaadb 2 2 0 | [+ 0
5'a asnan 0 0 0 0 —0

X;' = B.4

= .30

P

The vaiua of In indioates a valus for P of .30, It ghows that there
are 30 ohances out of 100 that the fit obtained would be as bad or  worse

tlian the one shown.
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RESULTS OF TESTS (Conmt'd)
8tatistically, when a valus for P 1s between ,05 and .95, the data
1s considered satisfastory. The nearer to +95 the higher 1s the level of

randomness for the rumbers generntedi.

TABLE i(a)
FREQUENGIES QF 4000 DIGITS
BIGIT £, £ (£, ~ 1) (£, - £)2 (£, - £)2
t
0 388 400 ~12 244 .36
1 22 400 12 144 .36
2 A21 400 21 i 1.10
3 a 400 11 121 .30
4 420 400 20 400 1.00
5 406 400 6 36 09
6 368 400 - 32 1024 2.56
? 7 400 -3 9 .02
C 393 400 -7 o az
9 384 400 ~ 16 256 b
x g 6.55
P = .

The value of X2 indicates a value for P of .75. This shows that
there are 75 chances out of 100 that the fit obtained would be as bad or

wvorse than the one shown.
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RFSULTS OF _TESTS (Cont'd)

Even

0d4

AGTUAL
1390
2010

TABLE 2(5)
EVER-ODD_TEJST
| YHEORETIOML  (f, -
2000 -10
2000 10

(fo=f)?
100

100

-~ F32

.05

—0t

b 3

X:
p =

.10
8

The value of X* indicates a valﬁé for P of 95, This shows that thera are

95 chences out of 100 that the £it obtained would kbe as bad or worse than

the ons shown,

Some ————

TABIE 3
1B;gpznczgs OF ONDEATD PATNS QP DIGITS
"""""" (B | Vit " Socond Digly 7 [ratan |
R O e 2 O N2 I A 0 3 5 )
5,45 | .88 of as| 20| 2|18 22| 15| 1] wu| 10| 22| 18
8.60 | .55 1 auf 22| 13| 2 ,£2o 25| 17| 16| 26| 2| 208
aas || 2| 2 w| wu|a| 2| w| o] a| 2l 19| 9
25 | 10 3p o[ zf 36| 2| 16| 2| 2| | al 1| 1
995 | o4 sl | s v v 2| u| =] 2| »|
10,00 | .42 s| 1) 28| 2|1] w| w| »| 15| 23| 2| a
535 | 60| 6| 9| ar| a9 | w | 23| 20| @i o3s| 15 2| 19
vos| s 7l as| 2 a1 m| w| 2| n| v 2| e
ves|es| e w| | || 2! w]| 2| al 1| 2|
19,25 | .04 9 15| 4] 25 | 25| 34 26| 7| 2| 2| | a9
| Total .| 143| 205|196 191 | 216 | 209 | 207|178 200| 24
2| 6,55 10,05 [10.10 | 7.05}12.80 | 5,45 | 9,05 [0.30 | 8.75 'n.ﬁa'“‘
) Pl sl as| ol ol ] sl sl a0l el sl ]
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RESULTS OF TESTS (Cont'd)

Total - Right to Left Total - Top to Bottom
X% = 1.6 X*= 786
}9. = .68 ‘ - P = 65

The values for X2 1ndioate; when oconverted to percents, tho =mount
of ohances out of 100 that the fit ohtained would be as bud or vorse
| than the one shown,
TABLE 4
GRQUP _FREQUENCIES TEST
3000 - 8-digit numbers done by hand

Group £, £ (g, - £) (£, = £)° (fﬁ;{)z
£
00,000,000 - 9,999,999 315 300 15 225 7
10,000,000 - 19,999,999 304 300 4 16 0
20,000,000 = 29,999,999 345 300 45 2025 6.7
30,000,000 - 39,999,999 302 300 2 4 0
40,000,000 ~ 49,999,999 294 300 -6 36 a1
50,000,000 - 59,999,999 268 300 —32 1024 3.4
60,000,000 - 69,999,999 318 300 18 324 1.0
70,000,000 - 79,999,999 275 300 - 25 625 2,0
80,000,000 ~ 89,999,999 28, 300 ~-16 256 .8
90,000,000 - 99,999,999 295 300 —5 2 S
xX*=12.7
p = .

The value of X2 indicates a value for P of .28. Thia shovs that
there are 28 chances out of a 100 that the fit obtained would be as bad

or worge than the one shown.

5
... 10-78
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WL ULTD, JE TESTS (Cont'd)

TABLE 5

il

lal

WS-1%4

16,000 8-digit numbers tested by the 1103,

CROUE

00,000,000 = 9,999,999
10,000, 00 - 19,999,999
20,000,000 - 29,999,999
30,000,000 - 39,999,999
40,000,000 - 49,999,999
40,000,000 - 59,999,999
60,000,000 ~ 69,999,999
70,000,000 = 719,999,999

80,000,000 - 89,999,399

90,000’000 - 99,999'999

fo

1633
1612
1628
1598
1514
1612
1627
1609

1568

1599

4

1600
1600
1600
1600
1600
1600
1600
1600
1600
1600

(£, - 1)

33

(f, = 12 (2, - £)2

N
1089 .67
144 - .09
784 49
-4 +00
7396 4,62
144 .09
729 o45
81 ;05
1024 .64
1 0
Xl = 7,10
P = 72

The ﬁlua‘ of X2 indicates a value for P of .72, Thias shows that

there are 72 chances out of 100 that the fit obtained would be aa bid or

worse than the ons ghown.

IN_70
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CGAP TEST: FPequenocy of Length of Gaps between Successive Digits in Sample

(x™?

Jetweon Sample Average Gap £, r (fa--f)2 (fa-f)2 P
mocessivet Sise betwoop digits ‘j;;“

0 204 10.6 10.6 10 .36 .036 .85

1 218 8.9 8.9 10 1.21 121 72

2 209 10.7 10.7 10 49 049 82

3 207 9.2 9.2 10 .64 064, .80

4 205 9.6 9.6 10 .16 .016 .90

5 216 8.9 8.9 10 1.21 121 SR

6 205 10.2 10.2 10 .04 .004 .95

7 204 9.5 9.5 10 .25 .005 .88

8 209 10.2 10.2 10 .04 .00, .95

9 202 9.8 9.8 10 .04 .004 .95

The Chi Square values of all digits give a satisfactory value for P in

each cape,
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25425018
52091654
41505940

9772606
54577061
84209253
14462379
50758033
33873158
25185855
89350406
69512902
27912823
40219279
43709917
59640776
50833670
69221130
14102943
45019601
36797697
15945567
59332898

8157247

7580823
51733249

6274564
27883443
49104373
56535823
16572943
77716255
67125128
54320653

6311923
95020039
45329916
94023920
48778011
30891640
34963756

1544355
35247776
70739474
41666627
264219979

2694794
36712770

P3246681 -

96319727
17894992
79340621
94845004
60173235
90067898
63668181
72092429
79556969
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2840746
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92972589
19531435
309559
98755466
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17552991
38976650
13389124
6343999
86133313
14247515
31680297

60398096

719570C
16724921

2892490
19647381
98309297
83659401
40785928

PX 71900-10-(174)

92934327
44974009
72593573
27727856
54417258
89987106
32510445
15613509
45769069
99243589
76322759
10958290
26506534
14631337
89395170
4941997Q
67145092
58730855
55336257
70925172
16067295
G8416637
86031030
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27769798

7653376
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41355478
91826215
54007003
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3696959
26611000
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18840584
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4960496
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24549336

5449197
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31042506

4830377
80277137
88126797
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72377528
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69661847
56317660
27683326
48733049
27330278
54359847
72635587
12256901
66547138
25526723
10753799
31667667

4739498
24462366
83639966
626035695
94739221
62821931
15959161
16699566

82575826
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94959820
65641900
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58155151
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. 41413508

46786549
89648331
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30278271
64563019
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