DIGITAYL COMPUTER LABORATORY

MASSACHUSETTS INSTITUTE OF TECENNLOGY

WHIRLYIND SUBROUTINE SPI'CIFICATION

TITLE: AC Print, Octal Number, Sigm, Single Colum ISR # OT 1.1 t
Classification
Closed
No. of Regzs. Temp., Regs. used Average Time Max. Tire
in Subroutine by Subroutine (operations) (operations)
35 1t, 2t 61.5 63 .0

Preset Parameters

none

Program Parameters
on entgring Subrpoutine

ac: Number to be printed

Results
on leaving Subroutine

ac: O

Description

When control is transferred to this routine, the number to be

printed should be in the accumlator.

A five dirit octal number is orinted

preceded by either a "O" for a positive or a "1" for a negative number.
After the number is printed a carriage return is executed so that continusl
use of this routine will result in a single column of numbers.

Notes:
l.
2o

No, point 1s printed.

The qp orders are set to sunpress the ounch.

MD, Nov.9,1951
JWC III, Nov.1lS,1951
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TITLE: AC Print, Octal Fumber, Sign, Single Colum

Abstract:

0l
02

28104
05
06
, 16r 07
08
09
10
11
12
13
14
15
16

ISR# OT 1.1 ¢

This subroutine prints = five digit octal number with a "O"

or "1" and no voint preceding it and then a carrisge

return,
negative number.

Upon entering the subroutine:

AC:
Temporary Registers:

1t%:
2t3

ta 19r Set return address
ts 1t Store value

SR %
ca 26r No. Print "O"
lap 144 Printing

cs8 25r )Set digit

ts 2t }counter '
ca 1t
sr*12
ad 34r |Add start of
~td 13r |number table

sl 15 |Store
remainder

ts 1t

] Put flexo code for
(ca 0) digit in AC
qp 128 Print digit

ao 2t | Have all digits been
printed? No.

Value in AC

DI=-292

number to be printed

1?7
18
19

2r <920
21

& X 8B

26
27
28
29
30
31

g 88

A "0O" designates a positive number and a "1" g

register used to store the remainder of the word.
reglister used to store thg digit counter.

ca 4r Yes. Cause a

qp 128.j’¢arriage return
(sp 0) };:o‘;?:i to main
ad 24r Change sign

ts 1t Store value

ca 27r Print "1"

sp 4r

0.7?7777

p4 Initial value of counter -
P45

P36

P39

p3 Number

pel Table

P33

pi3

pl5

p26r



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
WHIRIWIND SUBROUTINE SPECIFICATION

TITLE: AC Print and/or Punch, Octal Number |LSR # OT 1.2 ¢

{Magnitude), Sign, No Carriage Return

Classification
_ Closed
No. of Regs. | Temp. Regs. Average Time Max. Time
(operations) |{operations)
33, 3 7 print Tprint

Preset Parameters

vl pO {does not need to be inserted) to print, or pb4 to
punch, or pl28 to punch and print simultaneously

Program Parameters

ac: Number tc be recorded

Results

ac: Number has been recorded and i1s no longer avallable,
c(ac) = p1

Description

When control 1s transferred to this subroutine,

. the number to be printed should be in the accumulator.
A five digit octal number is printed preceded by elither
a "+" for a positive number or a "-" for a negative
pumber, i.e. 0.1234%5->+12345 and 1.12345 »-65432.

Notes:
1. No point is printed
2. No carriage return or space is printed
3. The gp instructions are normally set to print
and suppress the punch.




OITLE:; AC PRINT ANT/OR PUNCH, OCTAL NOUBEK (MAGNITUDR), LSR4 O7 1.2 ¢
SIGN, MO CARRIAGE RTTURN

Abstract; This subroutine records a five digit octal number with a "+
or a "=" and no proint preceding it. An initial "+" designates
a positive number and an initial "-" a negrtive number;
1.6, 0,12345-7+12345 and 1.12345» <65432 resvectively.

Preget Parameter:
vl: pO to print (does not need to be inserted), or p64 to runch, or
pl28 to punch and print simul taneously.

' Upon entering the subroutine:
AC: number to be recorded

Temporary Reglsters:
d: unusged :
1t; regleter used to store the remainder of the word.
2ty re:igter used to store the diglt counter.

Enter-300 ta 17r Set return address (or)17 gp (0) Return to mein program
01 tslt Store number 2r--318 cm 1t Positive magnitude in AC

02 _cp 18r Ie number positive? 19 ts 1t Store number
03 ca 23r “T;}t‘ ml}:xo code for 20 ca 2Ar }Pnt. Flexc code for
2lr--=J04 qpl28sl Print sign 21 gp Ar \"~" in AC
’ 05 s8r *12 |Set digit 22 p25r Start of number table
06 te 2% }Counter 23 1.30043 "4* character
16r---)07 ca 1t  Value in AC 24 1,30007 ".* char=cter
08 sar *12 25 pas
09 ad 22r )Add start of 26 p36
10 td 13r | gumber table 27 p39 Yumber
11 =l 15}Store 28 p3
12 ts 1t Remagder a 29 p21 Table
(10r)13 ca (0)}2‘;;1t ::oAgo o for 20 p33
14 qpl28sl Print diglt 31 pa3

15 a0 2t |Have all digits 32 pls
16 _cp 7r_ )been printed?



DIGITAL COMPUTER LABCRATORY
MASSACHUSETTS INSTITUTE QF TECHHCLOGY

TTPLE: Print G(AC) as Qctal Number, Sign Digit and LSR OT 1.3t
Complement, Point, Single Column Layout. TAFE T542-3
Classification
Closed
No. of Regse Tempo Regse Average Time Maxo Time
in Subroutine used by Sub. (operations) (operations)
36 3 8 print 8 print

Preset Parameters
vl PO (does not need to be inserted) to primt, or P64 to punch, or P128
to punch and prinmt simultaneously.

v2 (desired digit length) - 5

Progran Param'bers
on entering Subroutine
ac: number to be recorded

Results
on leaving Subroutine
ac:; number has been resorded and is no longer available, C{AC) = gp 144 sl.

Deseription ' ‘ ;

When control is transferred to this subroutine, the number in the accumm-
imtor is printed as a Pive digit octal mumber preseded by eitber a "0® for a
positive ar a "I™ for the complemsmt of & negabive number =md an octal peoimt.
After the last digit is printed a earriage retwrn is execuied so that a single
column of numbers is tabulated whenever the subroutine is used repemtediy.

Notess

1o The gqp instructions are normally set to print and suppresa ths punch.
By inserting p64 or pl28 in preset parameter vl, one can punch and suppress the
printer or punch and print simultansously.

2o Form of oukput is _
0,12345 appears as 0,12345 and
1,12345 appears as 1,12345,

MSD AS
1/23/52 | 2/5/52




TITLE: PRINT C{AC) AS OCTAL NUMBER, SIGN DIGIT AND LSR{: OT 1.3%
COMPLEMENT, POINT, SINGLE COLUMN LAYOUT TAPE T 542-3

Abstract: This subroutine prints a five digit octel number with
a "0" or "1" and a point preceding it and then a carriage
return, An initial "O" designates a positive mumber and
an initial "1" the complemernt of a negative number.

Preset Parameters: -
vl: pO (does not need to be inserted) to print, or p64 to punch,
or pl28 to punch and print simultaneously.
v2: (desired digit length) - 5.

Upon entering the subroutine;
AC: number to be recorded

Temporary registers:
d: unused
1t: register used to store the remainder of the word.
2t: register used to store the digit counter.

00 ta 20r Set return address 18 ca 16r Print a carriage
01 ts 1t Store number : 19 qp 128sl return
02 op 2lr _ Is number positive? (or)20 sp O _Return to main program
03 ca 27 (Ut Flexo sode for "0" sn321 ad 25  Change sign
and point in AC

24r —=304 gqp 1348l Prixxtﬁ:?,’: s shift 22 ts 1t Store number
05 qp 128s1 Print poinmt 23 ca 28 r Tt flexo cods for™1"
P po and point in AC
06 os 35 } Set digit counter 24 sp&r
07 ts 2t - 26 0,77777
17r —==3> 08 o8 1t Humber in AC 26 p27r Start of mumber table
09 srs 12 27 0.07165 "." and "O"
nn mw
10 ad 26r \ 44 gart of mumber 28 0.07144 " and "
11 td 14r table 29 p39
12 8115 } Store remainder %0 p3
13 ts 1t | 51 p2l Number table
Put Flexo code for -
(1ir)—> 14 oa (0) digit in AC 32 ps3
15 |gp 144sl Print digit 33 pas
16 a0 2% ) pyve a1l digits 3 pls
17 op 8r_§ been printed? 36 p4a2 Value for digit

oounter



DIGITAL COMPUTER LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Print C(AC) as Decimal Fraction, Sign LSR OT 2.2t
and Magnitude, Point, Single Column — Tape TODE=3
Layout.
Classification
Closed
No. of Regs. Temp. Regs. Average Time x Max., Time
in Subroutine | used by Sub, . (ogerations) | (ogerationa)
38 a -2t (3) print print

Preset Parameters
vi pO (does not need to be inserted) to print, or pb4 to punch,
or pl28 to punch and print simultaneously
v2 (Desired digit length) - 5§ .

Program Parameters
on entering Subroutine
ac: x, number to be recorded

Results
: on leaving Subroutine
acs n?mbﬁr h:g been recorded and is no longer avallable,
clac) =

Description:

wWhen control is transferred to this subroutine the number in

the accumulator is printed as a five-digit decimal fraction

preceded by a sign and decimal point and followed by a carriage
return. The last printed digit does not contain roundoff of
additional digite.

Note:

1. The qp orders are normally set to print and suppress the
punch, By inserting p6i# or pi128 in preset parameter vi
one can punch and suppress the printer or punch and print
simultaneously.

MO JWCI11 AS
1/18/52 | 1/21/54 | 1/23/52




TITLE:

Print C{AC) as Decimal Fraction,
Sign and Magnitude, Point, Single
Colum Layout.

LSR# OT 2.2%
Tape T664=3

Abstract: This subroutine prints a five digit decimel fraction
proeceded by a sign and decimal point and followed by
a carriage return; i.e. 0.77776 appears as +.99993

and 1.77776 as -.00006. The last printed digit does

not contain roundoff of additional digits,

Preset Paramoters:

-vls PpO to print, or p64 to punch, or pl28 to print and

punch simaltaneously.

v2:  (Desired digit lemgth) - 5.

Upon entering the subroutine:

AC: x, number to be recorded

Temporary Registers:
d: unused

1t: register used to store remainder of the word.
2t: register used to store the digit counter.

00 ta 20r Set return address (Or) 20_sp(0) Return to mein orogram
Ol ts 1t  Store mmber 2r—3 21 ca 26r {00 Fiex0 oode for T-Tend
deo. point in AC
02 op 2lr __ Is mmber positive? 22 sp 4r Return to print
03 ca 26r  {Pub Flexo code for™famd ., .5 15 x 25
dec. poinmt in AC P
22r—3 04 qp 134 sl Print f"g s shift 24 p 27r Start of number table.
05 qp 128 sl Print decimal point 25 0,07143 +. character
06 e¢s 37r } Set digit counter 26 0,07107 =, character
07 ts 2t 2T p 46 -
17r—> 08 om 1t |x|in AC 28 p 36
09 uh 23r Ixi+ 10 x 2718 29 p 39
10 ad 24r Add start of 30 p3
11 td 14r 5 mumber table Bopa Y et
12 sl 15 } 32 p 33
13 ts 1t Store remainder 33 p 43
Flexo code for
(11r) 14 ca(0) digit in AC 34 p1lsS
15 qp 128 sl Print digit % pl3
16 ao 2% Have all digite 56 p 49
17 _cp 8r - been printed? 37" p 4 a2 Value for diglt counter
18 c¢a 19r

“} Print a
19 Jqp 144 sl} carriags return



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Print Magnitude as Decimal Integer from LSR#E OT 2.5 ¢
AC, Initial Zero Suppression, No

Carriage Return

Classification
Closed
No. of Regs. Temp. Regs. Average Time Max. Time
in Subroutine | used by Sub. (operations) (operations)
45 4 5 print 5 print

Preset Parameter
vl pO (does not need to be inserted) to print, or pbh to punch,
or p128 to punch and print simultaneously

Program Parameters
on entering Subroutine
AC: 1integer to be printed

Results ‘
on leaving Subroutine
Number printed out on typewriter

Description

This subroutine prints out the magnitude of the number
contained in the accumulator as a decimal integer. If x-27'%5 is
the binary number in the accumulator, the decimal digits of the
equivalent decimal integers d are obtalned as follows:

d; =[(x-2'.15 2111 “lﬂ [—-—; «2-15

where[ ] ”1ntegral part of

dz —Ei—b-z—— Zz(10%.2715 2*)(—%9—}
X ~[I£%1-104
= o x 2718
. 10°
etc,

This form is used so that none of the manigulations will
yleld an overflow, Actually, because the number 2*!/10% is not

B

f—
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TITLE:

°rint Magnitude as Decimal Integer from LSRiF OT 2.5 ¢
AC, Iritial Zero Suppression, No
Carriage Return

exact in the machine, a binary round-off is added at one
place in the program to give a correct answer,

Notes:

1.
2.

+=W

Initial zeroes are suppressed. Zero will be printed as
five spaces.
The form6of output is :

3

17352

1
(zero)

The program resets automatically.
There 18 no carrlage return.




TITLE: PFrint lmgnitude as Decimsl Integer from ISR OT 2.5 ¢
AC, Initial Zero Suppression, No Carriage
Return

Ahstract: This subroutine prints out the magnitude of the-
number contained in the AC as a deeimal integer,
If x-2-15 is the binary number in the AC, the
decimal digits of the equivalent decimal integers
d4 are obtained as follows:

ay = N L] ¢

wherel;.:k"integral part of"

Cane e o CONES

etec,

This form is used so that none of-the manipulations
will yield an overflow, Actually, because-the
number 211/104 1s not exact in the machine, a binary
round-off 1s added at one place in the program to
give a correct answer,

Preset Parameters
vl pO {(does-not need to be inserted) to print or pb4 to
punch, or pl28 to punch and print simultaneously

Temporary Registers
d unused
1t temporary storage
2t diglt counter
3t suppressor

Enterd00 ta l4r Set return address 06 om 21r

x 211/10%
01 ts 21r Store number in AC 07 mh 32r
02 cs 31r )set digit 27r508 sr *11)x 21
03 ts 2t {counter 09 ts 21r and store

04 ca O Set zero 10 sl *15 )Subtract off
05 ts 3t Integral part

Suppressor 11 ts 1t



TTTLE: Print Magnitude as Decimal Integer from ISR; OT 2.5 %
AC, Initial Zero Suppression, No Carriage
Return

12 ao 2t )Advance 17r-328 ca 29r
Print
13 _cp 15% | Counter 29 qpl36sl S
Return to pace
(or)l4 _sp (0) b os'n propram 30 _sp 25T
13r-315 ca 21r \Check for 31 p5 Counter
16 su 3t bTInitial 32 0.15067 w2tl/10%
17 _ep 28z ) zero | 33 ca 35¢ Table entry
18 ca 21r )No ipitial zero; 34 0.50000 10/16
fAdd in table '
19 ad 33r_Jentry 35 ph5
| 20 ts 21r )Set 36 p36 Table of
(1r)(20r)21 (p0) Printer 37 p39 Decimal
22 qpl28sl Print 38 p3 Flexowriter
23 ¢s 0 gliminate 39 pa2l Characters
ero
24 ts 3t )Suppressor 40 p33
30r--325 a0 1t Round-off L1 p43
26 mh 34r lultiply by ‘O 42 pl5
27 _sp 8r_  Recycle 43 pl3

Ll pU9



DIGITAL CQMPUTER LABQRATORY
MASSACHUSETTS INSTITUTE OF TECHNQLOGY
WHIRLWIND SUBRQUTINE SPECIFICATION

TITLR: Pr;n‘b ¢(AC) as Decimal Integer, Magnitude only, LSR QT 2.51%
Initial Zero Suppression, Print Final Zero, No *
Leyoub _ TAPE T§883

Classification
Closed
No. of Regs. Temp. Regso Average Time Max. Time
in Subroutine | wused by Sub. (operations) (operations)
49 4 (a4 - 3t) 5 print 5 print

Preset Parameters
vl pO (need not be inserted) to print, or p64 to punch, or pl28 to punch
and print simultaneously

Program Parameters
on entering Subroutine
AC: Integer to be printed

Results
on leaving Subroutine
Number printed out on typewriter

Hotes® i
1° Imtlal geroes are suppressed, Zero will be printed out as four
spaces and a zero. ‘
2o The form of output is:
63
17352
1
223330 (zero)
27
'3, The program resets aubtomatically,
4, There is no carriage return,

JWC III | MAS
2/10/52 |2/11/52




TITLE: Print C(AC) as Decimal Integer, Magnitude only,
Initial Zero Suppression, Print Final Zero, No

ﬁbstrad: g

Layoubt

the accumilator as a decimal integer.
in the accumulator, the decimal digits of the equivalent decimal
integers d. are obtained as followss

: Kx ) ()

whare * “mtegral part of"
4 19( 4)(1‘0’)
d = = r| 1072 2
[(& llo;] 2%
rx
- %10
, 10 15
= 3 x 27
10

4

LSR OT 2,51t
TAPR T-883

This subroutine prints out the magni'bude of the number contained in

If x:2-15 i5 the binary mumber

=15

This form is used so that none of the ma.nlfula‘hlons will yield an

overflow,

Actually, because the number 21

/10 is not examst in

the machine, a binary round-off is added at one place in the
program to give a correct answers

Temporary Registers

d
1t
2t
3t

-

= unused

= temporary storage
= digit counter

- suppressor

Preset Paramsters,
p0 (need not be inserted) to print, p64 to punch, or pl28 to print

8 2 8

03
04
05
06
07
Zlr ——3 08
09
10
11
12
13

vl

ta
ts
cs
ts
ca’
ts
cm
mh

sr* 11

ts

gl* 15

ts

a0

and punch

19¢ Set return address
25r Set no. in AC

551-’} Set digit counter

-}Set Zerc suppressor
3t 4
11

25r .2
x 7
36r } 10
} x 2911
Subtrast off integral
part
‘Advance counter

25r

1t
2t

Are we at last digit?

(16r)

14
15
16
17

© 18

(or)

19

13r —3 20

(24r)

21
22
23
24

26
27

ca 25r Last digit

ad 37r Add in start of table

ts 17r

(p0) Print

qp 128sl

gp ( ) Return to main program

ca 25r 7§ Not at last digit

su 8t Check for initial zero,
_°p 32r 2

ad 37r } Add in table entry

ts 26r :

(p0) Set Printer

gp 128s1 Print

cs

0 '] Eliminaté



TITLEs Print C(AC) as Decimal Integer, Magni‘budé only, LSR QT 2,51t
Initial Zero Suppression, Print Final Zero, No TAPE T-883

Layout

28 ts 3t J Zerc Buppressor
34r —3 29 a0 1t  Rownd off

30 mh 38r :

31 sp 8r
22r ——3 32 ca 33r

33 qp 136sl!Print space

34 sp 25r

35 p4 1

36 0.15067 Sip
10

37 ” ca 39r

38 0,50000 %56’-

SRS HERER/ESB Y

p45

P36

p39
3
p2l
p33
p43

pl5 :

pl3
p49

Table of Digits



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNCLOGY

WHIRLWIND SUBROUTINE SFECIFICATION

TITLE: Print Qut Flexowriter Characters, Previously LSR OT 3.1t

Stored Three Characters to a Register by : ,
LSR OT 3.lat, Using Program Parameter TAPE T782-2
Classification
Closed
No. of Regs, Temp. Regse Average Time Max. Tims
in Subroutine used by Sub. (operations) (operations)
38 d = 4t (5) 13 + 14n (n®no..of chars.) | 13+20n (n=no. of
(Actually limited by num- | chars.) (Actually
ber of printouts) limited by no.:&f
printouts)

Preset Parameters
vl: pO (does not need to be insgrted) to print, .p64 to punch, and
pl28 to print and puneh siuumltaneously.

Program Parameters
on entering Subroutine
uls p(address of first register in storage in which characters have been
previously stored,)

Results
on leaving Subroutine
Flexowriter characters printed out from starageo

Description

This subroutine prints out Flexowriter characters previously stored by
LSR QT 3.lat, three to a register. Subroutine QT 3.lat stores characters
5-digits long, with a 00000 "tag" character indicating when the final digit
is to be a O and when a 1. (For further descripbtion of LSR QT 3.lat, see the
Specification sheet for LSR QT 3.lat). This subroutine reverses the process,
unstack ing and printing out. It will print out characters, plasing a zero in
the sixth digit, until a "tag" character is reached. Then it will place 1l's
in the sixth digit until another "tag" character is reached; etc. This is the
exact reverse of LSR 0T 3.late

When & negative number is reached (previously stored by the read-in routine)
the routine stops printing and returns control to the main program.

Note
For notes on how many characters may be stored, etc., see the Specification
Sheet for LSR OT 3e.late

e III| As
2/1/52 |2/5/52




HEPEAT R
TI0LE:

Print Out Flexowriter Characters,
Previously Stored Three Characters

LSR# OT 3.1t
TAPE T782+2

to a Register by LSR OT 3.lat, Using
: Program Parameter
Upon entering the subroutine:

sp (subroutine)
p (first address to be

printed out of)

Preset Parameters:

vlis

pO (does not nmeed to be inserted) to print, or pé4 to
punch, or pl28 to print and punch simultansously

Temporary Registers:

d:

temp. character storage

1lt: 3 counter
2t: operational register
3t: find digit
4t; digit to be exchanged
00 ta lr Flant ul address 19 s1#% 15 Shift off left and
‘ restore reg. contents
(sr)(or) OL oa (0) } Plant first address 20 tas zt
02 td 1ir ~ 2l ocad
Add in final
03 &0 lr } Set return address 22 slx1 digit
04 td 13r 23 ad 3t
05 ca© } Set final digit © 24 qp 1288l Print
06 ts 3t 35r —3 25 ao 1t Are we finished
07 oa 36r } Set digit to be 26 op 14r S With registers?
08 ts 4t exchanged to pl 27 ao 1lr } Advance register no.
‘ and recycle
28 => 09 o8 37r } Set 3-counter 28 sp Or
10 ts 1t 17r =3 29 oa 2t
(2r) 11 ca (0) Piok up register 30 sl* 5 R’::?’ register
‘} to be pr contents shifted,
12 ts 2¢ inted 31 ts 2t
(4r) 13 _op (0)  Are we finished? 32 oa 4t
26r —> 14 ca 2t No. Shift character 33 ex 3t Exchange final digit
15 er* 10 imto position 34 ts 4t
‘ - Baok to check
t
16 su 0 :} Is h:lz:::;goter 35 _sp 25r einish
17 _cp 29r - 36 pl final digit
18 ta d No 37 p2 character counter



DIGITAL CCOMPUTER LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNCLOGY

WHIRLWIND SUBRCQUTINE SPECIFICATION

TITLE: Read in Stendard Flexowriter Characters and Store LSR OT 3.lat
P Three Characters to a Register, Using Program
; Parameter., (For Use with LSR OT 3.lt.) & TAPE T781-2
Classifiecation
. Closed
No» of Regse | Temp. Regse Average Time Max. Time
in Subroutine | used by Sub. (operations) (operations)
66 d -6t (7) 40 + 13n, where n is 40 + 26n (in the most
: , no, of characters unusual case) (Present
(Present limiting case limiting case is no.
.is no. of read-ins on of read-ins on PETR)
PETR. )

Program Parsmeters
on entering Subroutine
ars ul_(automatle)

ulz p (address of first register in which characters are to be stored)

Results:
on leaving Subroutine
Flexowriter characters stored, five binary digits to the character,
beginning at the register given in ul, three characters to the register. All
registers are positive except the one succeeding the final storage register,
which is set to nO.

Description

This subroutine reads in Flexowriter characters coobtinuously from the
phctoelectrie reader, and stores them in the registers baglnnlng at the address
stored in ul. The standard Flexowriter tape to be called in is typed on a Flexo-
writer having a binary code the same as the code on the Flexowriter connected to
the Whirlwind outpute

A "Btop" character, with a seventh hole, must be typed at the end of the
tape as a "tag" character so that the subroutine may stop the storage processs

Notes

1. The Flexowriter characters are shortened to five-digit length, and
stored three to a register. A second "tag® character, 00000, is used to indi-
cate whether or not the sixth digit in a character is to be a zero or ons, When-
ever a series of characters switches from final digit "zero", to final digit "one®,
and vice versay, such a tag is inserteds This is not necessarily a waste of storage,
since all alphabetical characters in the standard Flexowriter code have the sixth
hole zero, and thus there is no need for such a tag in most storage of straight
%language,, Similarly, all numbers and most punctuation marks have the sixth hole
‘s "one®™, and so a series of numbers does not require such a "tag" character until
fan alphabetical character appears. Mixbtures of constantly changing letters and

}
!
;




Pags 2

gTETLEs Read in Standard Flexowriter Characters and Store LSR OT 3.lat
Three Characters to a Register, Using Program
Parameter, (For Use with LSR OT 3.lt.) TAFE T781-2

/numbers will, however, be wasteful of storage; and in such rare cases, another
pair of storage and print routines should be usedo With ordinary typescript,
an estimated 25% of storage can be gained, however, over "two-to-a-register™
methods of storing Flexowriter standard characters.

, 2o The number of registers needed to store a given tape will thus be a
function of the number of chenges from "sixth-hole-zero® to "sixth-hole-a-one®.,
In standard English language, an average formula would seem to be

. n _ 23
ezt "5 "%

Where N is the number of registers needed for storage, and n the number of char=-
acters, n/?O being considered an average number of such changeovers,

3o This subroutine must always be used in conjunction with Print-Out
Routine OT 3.1t. It may be used in the following manner: Read in subroutine

OT 3.1t, preferably in the upper or lower ends of storage. When control is
transferred to this subroutine it will automatically read in and store the
required standard Flexowriter characters in the addresses beginning at the
address given by program parameter ul. After the final stop character is
reached, it will not store this, but instead make the succeeding register a neg-
ative zero. Control is then automatically transferred to the instruction follow-
ing the ul register.

Following this, OT 3.1t may be read in by means of the standard read-in
conversion program, or else, if it has been previously stored, control may be

transferred to it at any desired time. For a fuller explanation of how this program|
prints-out; see the Specification Sheet for OT 3.1t.

4o The character 000001 cannot be read in by this subroutine, sinece it
will be confused by the machine with the 5-digit "tag" character 00000. However,
in the 1951 Flexowriter code, this is "beck-space™, which should not be needed,
and in the 1952 Flexowriter code, this character is not produced by any key on
the keyboard.

JWC III| AS
1/24/52| 2/5/52
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and Store Threse Charsacters
Using Program Parameter.
LSR # OT 3.1%.)

" Upor emberirg the subroutine:
8p: Subroutine

ok

Temporary registers:

d: temporary digit store
1t:
2t;
3t
4t

character store

temporary store

Resd in Standard Flexowriter Characters

LSR{ OT 3.lat

to a Register, TAPE# T781=2

(For Use with

first address to be stored

last 6th digit representation

present 6th digit representation

5t: 3-counter
6t: temporary store

00 ta lr  Plant ul address '33r— 20 oa 2t

{(3r)(02}22 <& { } \ Plant 1st address where 21 81x 14
02 td 53 J machine is to store chars. 22 sr+ 14 3:;‘;: f:;::::nﬁ'::im
05 ao lr } Set return address 28 su0
04 +d 42r 24 ts 3t
05 ¢80 Set last digit reg. in 25 mh 1t Are past and present
06 ts lt_} for zero 26 op 43r J 6th digits the same?
07 os 64r :} Store 3 counters 47r —>27 ca 2t Store 5 digits of
08 s 5t 28 ~8p 48r character
09 cal Set zeroc in temp 29 sp 1lr  Recyole
10 ta 4tJ store 19r—> 30 ca 65r

29r —>11 qr0 Read in 31 s8u 2t Is char. a™stop"?
12 ca 8 7 32 s0p 34r/
13 ar* 5 3% sp 20r _ No. Back to check digits
14 td d Store 6 digits 32r—> 34Moa 0 Yes.
15 ca d in 2% 35 fsg 48r  Store 00000
16 sr= 5 36¥eca O Store 00000
17 ts 2t _J 37 ,8p 48r
18 su 66r ) Check to see if 38doa 52r 1) Plant last register
19 _op 30r J ohar. is astop" 39 td 41:'} address



TITLE: Read in Standerd Flexowriter Charecters LSR# OT 3.lat
and Store Three Characters to a Register, TAPE# T781-=2
Using Program Parameter. (For Use with
LSR #f OT 3.1t.)
40 ¢cs8 O Put negative no. 56 ao 5t Are we at end
3or —3 41 ts (0) in last reg. 57 _cp 63r of register?
(04r)—>42 sp (0) Back to main Program 58 ca O } Yes. Reset temp.
26r — 43 oa 3t :} Switch digit 59 ts 4t stores
' representations
“4 1% 60 os 64r Reset 3-counter
45 o0a O } Store 00000 57r 61 ts 5t
46,-8p 48r 62 ao 53r Advance Storage
: 47¥-sp 27r  Back to store 5 digits (4363 sp (0) Exit from internal s.r.
28r,57r) 348 ta 63r  Plamt link of internal 64 p2 3-counter reset
86r,46r subroutine
49 srx1l 65 p5l "stop" character
50 ts 6t
51 ca 6t

52 ad 4t Shift left and store
(62r)(02r) 63 ts (0)

54 8l* b

55 ts 4t



DIGITAL COMPUTER LABORATORY
' MASSACHUSET?S INSTITUTE OF TECENOLOGY
WHIRLWIND SUBROUZINE SPECIFICATION

PITIE: (30,0,0) MRA Print andfor Punch, Decimal Fraction, LSR  -OT 108.10%
Sign, Number of Digits Arbitrary, No Carriage

Beturn, Sign Agreement (Interpreted) TAFE  T799-1
Classification
Closed, Interpreted
¥o. of Regs. Temp. Regs. Average Time - Max., Time
in Subroutine used by Sub. | (operations) (operations)
76 4 94+19n number of dlglts ' 94 + 27n
prlnted =n

Preget Parameters ‘
vx: pN, where N is the address in storage of the first register of the
interpretive subroutine (in title of main program)
vl: pO (does not need to be inserted) to print, p64 to punch, or pl28
to print and punch simul taneously
v2: pn, where n is the number of decimsl digits to be printed.

i

Description

This subroutine prints and/or punches the sign and magnitude of the
contents of the MRA in the following manner
odld2 3 odn

The number, n, of decimal digits to be printed is a preset parameter (v2). The
digits, di’ are obtained by multiplying the magnitude of the contents of the MRA

succesgsively by plO.

This subroutine contains a sign agreement program so that the contents
of the MRA need not be a number whose major and minor parts are of like sign.

The sp instruction transferring control to this subroutine must be an
interpreted sp (i.e., control must be in the interpretive subroutine). After
execution of the subroutine control remains in the interpretive subroutine which
then proceeds to interpret the instruction following the sp instruction in
storage.

There is no carriage return.
This subroutine can be used with any.30,0,0) interpretive subroutine.

The contents of the MRA are left undisturbed during the execution of this
subroutine.

FCH MRS
2f1/s2 | 2/8/52




TITLE: IRA Print and/or Punch in (30,0,0) Interpretive LSR OT 103,10t
Subroutine without Sign Agreement, Decimal Number, TAPE T799-1
Sign, Number of Digits Arbitrary, No Carriage
Return (Interpreted)

Abstract: This subroutine prints out a#sign and a decimal point followed
by the magnitude of the contents of the MRA as a decimal fraction.
The decimal digits are obtained by multiplying the contents of the
MRA successively by plO, The number of digits to be printed is
a preset parameter (v2)., There is no carriage return. The sub=
routine is interpreted and can be used with any (30,0,0) imber-
pretive subroutine, :

Preset Parameters
vx: pN, where N is the address in storage of the first register of the
interpretive subroutine (in title of main program)
vls- p0 (does not need to be inserted) to print, or p64 to punch, or
pl28 to punch and print simulbtaneously
v2s pn, where n is the number of decimal digits to be printed

Temporary Storage

d unused

1t ’

2’17} Temporary storage
3t

4t Digit counter

00 ||ba 37r . . .35r—317 ocm 1t
0l |lsp ax hesume vrdlnary ww operatvion 18 mh 621'\)

02 ca 3ax 19 ts 3t
05 ts 2% Store C(mra) in 1t and 2t 20 s1 15
04 ea 2ax 21 ts 1t
58z —> 05 ts 1t - 22 cm 2t > ultiply C(1%,2%)by plO
54r == 06 mr 2% Do 1t and 2%t agree in sign,’\ 23 mh 62r V
07 cp 38r ‘ 24 ts 2t
08 —c: It“ - 25 sl 15
56r —3 09 _ep lar 26 ex 2%
10 ga T4r Sense and print algebraic 27 sa 1t j
T g R B
Or =312 ca 75r ‘ 29 ca 3%
W =313 gqp 134sl 30 ad 63r M Set up entry into table
14 gp 128s1 31 td 32r
15 es 8lr } Set up digit counter (31r) 32 ca (0) Print a single digit
33 qp 128sl

16 +ts 4%



IITLE: IMRA Print a,nd/'or Punch in (30,0,0) Inberpretive LSR QT 103.10%
Subroutine without Sign Agreement, Decimal Number, TAPE T799=1
Sign; Number of Digits Arbitrary, Ne Carriage
Beturn (Imterpreted)’

34 a0 4t

Have enough digits 48r —> 55 a0 1%
85 cp 17r J 'been printed? 56 sp 9r
36 _sp ax }Return comtrol to 0F =57 cs 1t
(or) 37 "sg (0) int. subroutine 58 sp 5r
7r —3 38 cm 1t , 59 ||ea0
39 su 0 - Is ¢(1t) # 0 2 60 |lpi
40 cp 57r 61 ||nla2 72
41 om 2t _ 62 ||p10
42 su 0 } Is C(2t) ¥ 07 . 63 ||p6ar i
43 cp 5lr ~ 64 ||p45 0 Table
44 su 60r ‘ 65 ||p36 1
45 ad 59r (> Farm 1 - Ic(zt)‘ 66 ||p39 2
46 ts 2t ' ’ 67 ||p3 3
47 ca 1t } Is C(1t) pose? 68 ||pe1 4
48 cpsSr J - . 69 ||p33 5
49 su 60r } Form C(1t) i 2=-15 70 |lp43 -8
50 ts 1% 71 |jpls 7
43r mn) 51 s 2t } Complement G(2t) 72 |ipl3 8
52 ts 2t ' 73 |ipa9 9
53 ca 1t } Re-enter sign agree- 74 11007143 +o
54 sp 6r ment 75 11007107 =g



PROGR/JBML_ARITHUETIC

P4 1.2 t {T747-3) is the same as PA 1.1 t except that

register 26r reads pax2,

PA 2,2 t (T723-1) is the same as PA 2,1 t except that

register 197r reads pax2,

Both the above subroutines use the new Flexowriter code
whereas PA 1.1 ¢t and FA 2.1 t both use the old
Flexowriter code,



DIGITAL CCOMPUTER LABCRATCRY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
AHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Operations on Real (15,15,0) Floating LSR PA 1.1 ¢t
‘ Point Double Register Numbers (General
Subroutine)

Classification
Interpretive

No. of Regs. Temp. Regs. Average Time Max. Time-

in Subroutine | used by Sub. (operations) (operations)

97 | @ m===- see description see description

Preset Parameters (to be typed in the title of the main program)

v8/ pk: k = separation between two registers of the number
vx/ pN: N = location of first register of subroutine in storage
Description:

By means of this subroutine various logical and arithme-
tic operations can be carried out upon real numbers represented
in the (15,15,0) system and stored in two registers, say n and
n+k, where k 1s specifled by a preset parameter.

If a 1s any number such that
T271%«|a | «2'® , ora =0,
then there exists a signed 15 binary diglit number X and a signed
15 blnary dilglt integer y such that

0&| y |« 2153,

E

and x-2Y |2 p-1e
'—’ °

a
X and y are stored respectively in the two registers n and n+k
for use by this subroutine,

Example {a) Let a = -300 (decimal)

Then a = =-100101100 (binary)
and hence x = 1.011010011111111
and y = 1001

Register n contains 1.011010011111111
and Reglster n+k contains 0,000000000001001




e s mtmma—

CmrmLE Operazions on Real {15,15,0) Floating ' LSR  PA 1.1 ¢t
f Foint Double Register Numbers (General
Subroutine)

#

Example (b) Let a = Ly (decimal)

Then a = 0,000110011001100110011.....
and hence x = 0,110011001100110,
and y = -11

Register n contains 0.110011001100110
and Reglster n+k contains 1,111111111111100

The programmer need not carry out this conversion process him-
self, but 1nstead need only find a five decimal digit X and Y
such that ‘

T X |41, orx=0

0=| Y| =32,767

- yo10Y
and é___é_lﬁ,’ < 10°%
By giving this information to the prbper subroutine in the IP
section of the Library of Subroutines, the remainder of the

conversion can be done automatically.

Operations upon numbers in this representation are coded
using an instruction code similar to but differing somewhat from
the standard WW code. Any number of these instructions can be
performed in sequence by placing an Sp ax before the first
instruction of the sequence. The instructions are then inter-
preted successively until a change-of-control instruction is
reached at which point another sequence 1s performed unless the
instruction is an sg ax. In the latter case, ordinary Ww
operation 1s resumed at the register following the sSp .

The subroutine contains the analogy of an accumulator
and a program counter. The ”/ program counter * is in register
76br and contains the address of the register containing the
instruction being interpreted. The “multiple register
accumulator™ (mra) 1s in registers 2r,and 3r and contains the
result of the last instruction (except ta, cp, and sp). ‘
Register 2r contains x and 3r contains y.




Page 3

TITLE: Operations on Real (15,15,0) Floating LSR PA1l.1 ¢
Point Double Reglster Numbers (General
Subrou<ine)

litstruction

ts n

ta n

ex n

cp n

Sp n

can

c3 n

ad n

Sun

cmn

mr n

dv n

N.B. In the above the phrase ‘“the number in" should be read to
mean ”the number represented by the contents of®,

' Exchange the number in the mra with the number

. operation at the register following the register

Function

Store the number in the mra 1n registers n and
n+k,

Store the address of the reglister following the
last sp or cp instruction in the address section
of register n,

in registers n and n+k,

If the number in the mra is negative, proceed
as in sp, otherwise ignore the instruction.

If nfax, interpret next the instruction in
register n. If n = ax, resume ordinary Ww

containing the sp ax.

Clear the mra and then add into the mra the
number in reglisters n and n+k.

Clear the mra and then add the negative of the
number in registers n and n+k into the mra.

Add the number in registers n and n+k to the
number in the mra and leave The result in the mral.

Subtract the number in registers n and n+k from
the number in the mra and leave the result in
the mra.:

Clear the mra and add the magnitude of the
number in registers n and n+k into the mra.

Multiply the number in the mra by the number in
registers n and n+k and leave the result in the
mra,

Divide the number in the mra by the number in
registers n and n+k and leave the result in the
mra.
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Page <

TITLE: Cperations on Real (15,15,0) Floating LSR PA 1.1 ¢

Point Double Register Numbers (General
Subroutine)

P e
v @832

1. Entering and Leaving the Subroutine

Wherever an S8p ax is encountered, the machine will enter
the subroutine if is not already in it, or leave it if it
is in the subroutine,

2. Preset Parameters

A general preset parameter, vx, 1s used to specify the
location in storage of the first register of the subroutine.
Another general preset parameter, v8, is used to specify the
separation k of the two reglisters containing a number, Both
of these parameters must be specified in the title of the
program tape.

3. Accuracy of Arithmatic Operations

The operations multiply and divide give a result with at
least 14 1/2 digit accuracy, i.e. the result is rounded off
at worst in the 15th place, The relative error 1ln the
operations add and subtract is at worst 2715 put it may be
biased downwards if the magnitude of the sum is sufficiently
greater than the magnitude of either of the addends.

4, Al%rms

r metic overflow alarms can occur in reglisters 19r, 20r,
47r, 7ir, or 72r. 1In all cases this occurs when the exponent
y of the result being calculated during an ad, su, mr, or g4v
Instruction lies outside the range {( -2'%, ﬁ’g). when such
an alarm occurs, the address of the instruction that is being
interpreted will be in register 76r. Any other alarms in the
subroutine will be due to excessive addresses or use of an -
instruction not listed above.




rvetiorn Code and Operwtion Times:

TITLE Jne
Heg

nst:
ts 23
ta 18
ex 23

ep 17(+), 27 (=)

sp R4

ca 27

cs Z2€
ad 41
st 43

cm 25
nr 23
dv 26

ireset Parzmeters: (to be typed in the title of the main program)

ts 91r;}?omp1ement X

digit sterece

sepaTration parameter

"tsll

"a" ) store uigits in
a=nsgister

llexll

"ep!

"sp" ) et a-hegister
audress

vet picke-up

, instructicn's sadress

oes addr.ss of cp

«r sp instiruction

4z _cp (G} ] di fer from gx?

P

Fora wna store

y2 - yl-

v&/ pk: = separaticn ir storage cf iro regisiers of numbers
vx/ pN: = address in stora;e of initial register of subroitine
00 ta 7ér )Store address of lst 25 (p0)
@ _sp g fiRimetion oz pug
02 (p0) Xq multiple register &9r=327 sp 90r
03 {(p0) yi}accumu;ator 28 |Isp 19r
89r=204 Hea ax  "ca® E9r=329 ca 42r
£9r-305 sp &r  Mes" (78r)30 ta (0)
g€9r-206 sp 4br "ad" 31 _sp 75r
89r=907 sp 44r “su" 69r=-332 _sp Y0r
5r,89r-308 ca &6r '"em" Fick up snd &9r=333 _sp_<<Tr
09 ts 93r store za nk 241 ,89r«33/, a0 7r
10 sp 90r cm 35 td er-
11 plé 3¢ cu E8r
89r=312 mr 2r "mr" Form X)*x, 37 td %r
13 sp €9r 38 su4ir
for=31/ ex 2r "dv" |Form and 39 ts 95r
15 sr 1l Store 40 em 95r
1% dv zr xe 2 et 41 su0
17 sf 25r < (34r)
1f ex 3r _,/ 2 43 _sp kr
19 su 95r Tr==3,4
20 &d 1lr }Form y -yt 16 L5 cs Ylr
21 sp 72r €r--2.6 ex 95r
33r=922 cs Zr Is x1<‘0? L7 su 3r
23 _cp 75¢ 48 ts Y9lr
24 _sp 34r Go to sp routine 49 _ep S5r

1s , - y1> 0%



{perations eon Resl (135.15,C) Flosting Poirt Double LoRF PA L1 T
kegizwar Numbers {Censrsl cubroutine)

500 ac Br» GLr=373 ex 3r Y Store result in

5. ts 3r | Interchange 74 ts QrJL proper :egisters

52 ca 2r (xl,yl) and 23r,31r5 ™75 ao Tér i::ﬁ:iiii’zﬁdress of pick-up

52 ex 95r (xz,yz) (37r) (Or)1r/3r¥6 ca (0) Fick=-up instruiction

5, ts «r 77 ts 91r
L9r=355 cm 911'} Store !yz-yl! 7% td 30r |otore insiruction

5¢ td €zr 79 td 86r |ana aigits

57 su 9&1} Is |y,myy}> 157 80 aa 2Er [ where

58 _cp 60r 81 ts Y3r\ necessary

59 _sp 75r 4sddition unnecessary 82 td gér
58r-%60 ca %r} set Iy ® 15 83 sr %1l )rorm gg to proper

61 ex 95r 84 ad z8r Lpart of subrovtine
(56r)62 sr (0) Form X, 2 Y2 85 td 89r

63 sa Add (82r)sé ca lJ.ck up wnd

€, ts 2 87 ts 95r store y,

€5 ca v(?‘;r)SS ca (C) Fick up x:

€€ ex Add overflow into (85r)89 _sp (O f)::r':gci:;;f‘ gﬁsi?t::gli‘:zne tor

€7 sr tnmes the 10r.32r=»9C ca 2r C ireca  1lir=dv

€8 &d 2 (77r)91 (pO) S5re=cs 27r=ts
13r-%9 sf z‘?r Scale factor 92 ex 3r g;::g §g:2i

70 ex Br and store result (9r),(f1¥93 (p0) 8r=cm 33r-cp

7L ac 91 Form y, 4y, 9, _sg T3r ler-ar  34r-sp
Z2lr=972 su z5r Subtract scule factor 95 (p0) Temporury storage

9 pl5



DIGITAL COMPUTER LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Specifications of WHIRLWIND I LIBRARY SUEROUTTNE Number PA 2-2

Title; Extra-Precision and Fleating-Point Real Number Arithmetis, using
2-register 24,6,0 Numbers; Basic Instrustion Code with Diwision,
INTERPRETI _

Total Number of Registers Qocupied by the Subroutine; 204 storage registers
Temporary Storage Registers Required by the Subroutine: no temporary regs.
Time Required to Perform the Subroutine: average = 50% WWI operatioms

' maximm = 76+ WNI operations

*por interpreted operation; see page 4 for details

Presst Pur  eters (Velues to be indicated in tape title line)
x| pNs ¥ = address assigned to the initial register of the subroutine
x2 | pks k = separation between registers assigned to each 2-register number

Description

This interpretive subroutine, when called into action, tekes instructions
(more strictly, program parameters written as instructions) one at a time from
consecutive storage registers and performs the designated single-eddress opera-
tions defined by the interpreted-instruction code given on page 4, These opera~
tions are primarily arithmetical operations performed on real numbers represemted
in the 24,6,0 system. Each number is stored in some multiple-register location
n consisting of the pair of registers n and n+k, where n is the address of the
given location and k is determined by preset parameter x2.

The 24,6,0 number system represents any real number N, provided that

either _150 or 263>|Hh2p€4, a8 & signed 24-binary-digit fraction x and a signed
6-binary-digit integer y, where x and y are chosen in such & way that either

=0 or I>|x|=-5 and that Il - xzyx“’1|<z”24o Thus the number pair x,y represents
N to withint 0.000008%, equivalent to about 7 significant decimal digits. The
sign and first 15 digits of x occupy one register while the sign and 6 digits

of y and the last 9-digits of x occupy the second register of thé pair assighed to
contain the number N. Details of this and other number systems are available
elsewhere. _

A miltiple-register accumulator (MBA) is used in place of the AC in many
interpreted operations. This MRA is not a special register as is the AC but
rather is a group of 3 ordinary storage registers contained within the inter-
pretive subroutine, specifically registers 2r,3r, and 4r, Even though only 2
registers are needed to contain a 24,6,0 number, 3 registers are used for the
MRA to avoid the time-consuming operation of packing the last 9 digits of the
number and the sign and 6 digits of the exponent together into one register
after each interpreted instruction. A further advantage is gained in that any
gequence of arithmetic operations is performed using 30 digits for the number
and 15 digits for the expcment. This provides in effect a 30,15,0 system. The
24 and 6 limitation is imposed only when necessary, namely on Ts and ex opera-
tions. Thus greater range and greater precisionm are available in sequsnces of
arithmetic operations than the 24,6,0 system would normally sllow.




ations of WHIRLWIRD I LIBRARY SUBROUTINE Wumber PA 2.2  page &

The roundoff error on ad and #u is wade in the 29th digit of the s
betere it Is scale-factorsd. That is, in adding any two 24,6,0 numbers, veZ"

ts xozy, assuming 1>}vl2059 1">l::l—-c.53 w=>y, the sum obtained is
Lv * xezy"“+2"ag) zﬂ ZF% = 0.2 , where z is chosen in such a way that
ul| 5.

The roundoff in mr is made in the 28th digit.

The roundoff in & is made in the 27th digit.
- The roundoff in I3 and ex (i.e. in packing the 30,15,0 mmbers into
24,630 form) is of coprse made in the 25th digit. TIf the exponent y is less
than «63, the value =63 is ‘substituted for it, without changing x in any way,

¢ Aritimetie alarm9 because of the floating point system employed, and
because of the extended range allowed within the MRA, will normally ngt oceur
in an interpreted progrsm unless the comtenmts of the MRA, call it xazy, prior
to a ts or ex operation has an exporemt y>63, in which case an overflow alarm
always occurs at register 203r during the interpretation of the ts or ex opera-
tion, even if x = 0. If during an arithmetic operation the exponent y exceeds

the bounds 215>y>2 15, an overflow alarm will oceur at register 28r, 85r,

130ry, 175r or 176r.

Brntey to and exit from the subroutine is acscomphshed by measns of the
instruction spax. (Ihe first instruction in a program is always performed in
the Whirlwind code. When 24,6,0 operations are needed, control is transferred
%o the subroutine by spax, x being the parameter which specifies the location
of the subroutine. Instrustions following the first spax are then performed
in the imterpreted code. When operations on lereglster f:.xednpo:,nt words are
desired, conmtrol is transferred back to the main program by s This spax
is given-a special interpretation by the subroutine and results in the 1nstme=
tions following it being performed in the Whirlwind code. Use of a sequense of
Whirlwind-coded instructions between two interpreted instructions does not
affect the contents of the MRA, but use of any interpreted instruction does
affect the conten‘bs of the AC.

For mmrieal :.npwh at the present time, all decimal mmbers to be
converted To 24,6,0 form must be written as a signed decimal fraction which is
1ass thex 1.0 sudl pot lass than 0,1 followed by a single signed decimsl digit
infieating the actual positicn ef the deeimal pofnt.~ That i, auy mumber ¥ is

written in the form N = x,mz, with 1> |x|=.1 and -9 <Y =9, and with X huving

at most 8 decimal digits. For example,
the number 300, which equals -3 x 103, is written as +.3 | +33
the number .01, which equals 31415927 x 10”:l is written as +,31415927 §~=<

the mumber -1/128, which equals -,78125 x 107

15 written as -.7812% | -2

Alternatively, any musber may be comverted to 24,6,0 bimary form by
hand and written as 2 standard single lemgth ostal mumbers. Ihaproeodnra For
converting by hsnd is described elsewhere,



Spesifications of WHIRLNIND I LIBRARY SUERQUTINE

Fumber PA 2.2 Page §

Allocation of storage locations to the necessary 2-register nuubers,

(both for the main progrem and the subroutines), temporary sterage, the main
program, the subroutines, and the interpretive subroutine PA 2.2 must at preseut
follow & rather inflexible rule because of the input conversion procedurss cur-

rently in use.

deeimal addresses used throughout,
the value 852 in all programs.

ine = 852 = parameter X

Husbers designated Storage

by programmer registers

address at start of main

program, usually 32, program
2=register
numbers,
1st halves

total number of - subroutine

locations = k = 2=-register

parameter x2. numbers,
1st halves

address of start of temporary

temporary storage = storage,

parameter O, 1st halves
main
program .
2<register
numbers,
2nd halves
subroutine
2=rogister
numbers,
2nd halves
‘temporary
storags,
2nd halves

address of start of main

main program and of program

each subroutine and

‘address of first in-

struction tov be per-

formed must be subroutines

indiocated

address of start of interpretive

interpretive subrout- subroutine

The schems to be followed is shown diagrammatically below, with
Notice that parameter x is at present assigned

Commmrts

( the assigmments to consecutive locations
of the 2-register constants needed by
individual subroutines is handled auto-
matically by ths conversion program.

The number of locations needed iz the
sunm of the numbers needed by indiwidual
_subroutines.

(the mmber of temporary locations needed
is the maximumm of the numbers needed by
the main program and the subroutines.

\\i Note that all locations are Z-register

locations. TFor l-register temporary
storage; both halves of any 2-register
location n may be used by raferring to
ut for the first half and to ntax2 for
:i:ha second half,

NJeaddress of 2nd half of last main program

mumbar must be less than 530.

address of last word of ilast subroutine
st be less than 704,

spase available for priat subroubiue
0T 102.1
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The interpreted instruction code of this subroutine is given belowm. The
izstructions have the same binary value as the similar Whirlwind instructionse

MGe they are written, typed and converted in the same way as Whirlwind instruc-
tions and are in fact indistinguishahle from them. The term “number in location ™
is used to signify the number represented in 24,6,0 form by the 52 binery digits
contained in the pair of registers n end ntk. Ths term "register n® is used to
signify the szingle register m. Figures in parentheses give the mmber of Whirl-
wind instructions required to interpret the indicated instruetions.

Interpreted
Instrustions Function
can (38) Clear the MRA and add into it the number in location n.

ecs n (36) Cléar the MRA end subtract from it the number ir locxtiem no

emn (37) Clear the MRA and edd into it the magnitude of the mumber in
location n.

ad n (72) Add the number in the MRA to the number in loecaticn n and lem
the sum in the MRA.

sun (76) Subtract from the number in the MRA. +the number in loeation n
and leave the difference in the MRA, :

m n (49) Multiply the number in the MRA by the number in location n and
leave the product in the MRA.

dv n (74) Divide the number in the MRBA by the number in 1outmn n and leave
~ the quotient in the MBA.

ts n (48) Transfer the number in the MBA to location n.
ex n (48) BExchange the mmber in the MBA with the numbers in locstion n.

spm (25) Interpret next the instruction in register m (unless m = &x; in
which case transfer control to the register following the ore
which contains the spax so that the instrustion ntluring the
spax is performed using the Whiriwind code).

cpm (24) If the contents of the MRBA is a negative number, proceed as in
sp n above; if positive, ignore this instruction.

ta m (22) Transfer the address p + 1 inmto the right 11 digit positions of
register m, leaving the left 5 digit positions wmshanged;
p being the address of the most reeently imterpreted sp or
effective cp operation,



R (IR
RN O

e sruction Code end Opepation Timess

Cpzrations cn %sal (24,6,0) Floating Polat
Zouble Regieter Fumbers iGeneral Subroutine

58 48 cp 21(+),27(=)
ta 22 sp 25
ax 48 ca 38

es 36
ad 72
su 76

Preset Parameters (to be typed in program title)

vx2/pk:
vxng:

Enter==200
01

02

03

04
196r==205

- 06
13r,196r207
08
196r-209
10
196r=211
12
196r-213
{1707 )14
24r=<15

16

17

18

19

20

49r 196r21
22

23

24

subroutine

ta 1757 instruction to he
8p 179r <iiterproted

(p0)  x;\(Multiple
(p0} x, register
{p0) ¥,\|accumlator
!sr*30 L)

lca ax

ca 191r megn

£ 9or

sn 122: llad”

p29

ts 97r "su"

8p J2¢6r

sp7r  "en®

(o) ey custe
sa 3r Add two minor
ts 3r }products

|ca 0 7 Store

ex 1981} overflow

mh 2r Form major product
80 138r

mr 2r "mr®* Form two
ex 3r minor fsroducts
mr 198r

gp_lor

Set address of 1°° 196r=-325

26
27
28
29
30
A
32
33
34
35

36
37
38
39
40
41
42
43
4

45
46
47
48
49

k=separation in storage of two registers
N«address in storage of initial register of this

ex 198r
ts 97r

ad 54r
ts 102r
cs 97r
mh 97r

ex 198r
ar *2

dv 198r
sl ®5
ts 151r

te 198
mh 97r
su 72r
sl *15
su 17r
ad 50r
dv 97r
8l *15

ad 151r ) Add two minor parts
8o 2lr

ca 72r '\ Form

dv 97r _2_-_2_

sl *15 xg
r

L3R4 PL 2.2 %

em 27
m 49
dv 74

of number
ngy"

of 2'2/x2¢

cs 102r }Farm exponent

Form and

store

2°2, ¢

b4

-

2
*2

orm and store

Form

(=)
2
X
(Use Euclid'a
algorithm)

of reciprocal,



s |3
fo-, viy
-l

54
1G6x=255
(181r)56

57
119r=358

59

60
196r=3%61

62
196r-263

64
196r=265

66
67
68
&9

7
72

51x,61r=273

74
75

83 &3 &

81

coaong on Rewl (24,500

pi. £0r=-83
sp_73¢ Uis® 84
ce 2r |Complement z, 85
sp 164t 82r=286
p2 87
ca 201r "ta")| Store :igits 88
td{0) in inl.cated 89
sp_178r address 90
ao 2r |Increase x, 91
sp_167r by 2=15 92
llsp 35¢ 8er=493
80 . 73r "ex" 94
p63 8r-395
cs 2r "cp"}ls » negative? 96
ep_178p {180r)97
ac 179r "s;"(Set eturn address 98
td 201r for s> ax, 99
ca 17% Set picl up order 100
ts SO for ordizary cp & sp 101
s br (95¢) 102
£p_199r|Test to see waether 103
8p_179r |instruction is gp ax 104
0,20000 105
ca 3r\ Round off xl and 106
sr 6 store x1 x 2 -6 107
ts 3r 108
er *9\ Add round=off carry 166r-9109
sa 2r » into x 110
ts 2r 1
ca O Is there an overflow? 112
p_83r_ | 113
su 0 114
.°p 8ér 115

Loating Folut
. Reglaster Hus ber 3 {Gmezal Subiroutine)

ISR# Pi 2.2 b

sl 14 4dd cverflow
ts 2r} into x; and :':1"
ac 4r Inerea 9 79

cm 4r

su 62:-} ‘yl‘ =63)0?
ep 93r,

cs 4r y1£ 0?

p_202r) (1,0, y;< =637)
cs 62r Set ¥y = -63
ts 4r

ca 97r | tsn¢+ k

ad 197r) or ex n ¢+ k
ts 102r Store ts ex,ca cs or cm nvk
ca 2r
(po)
ex 3r
sr *9
ex 4r
sl %9
(p0)
sT *9
ex 3r
ts 2r
sl *15
ex 3r
£ 177r
cm 2r
su0
-°R 2°r
em 3r
su 0

€p_122r
su 50r \ Form

Perform
ts,ex,ca ,cs, or cm

‘ xlfo?

x,* #07



nd hed
P g
~F O

o

b L

119
120

121
11474322
123

124

125
12r-5126
127

128

130
131
132
133
134
135

137

138

139

140
132r=4141

143

143r=2 145

2 LECuB o éaw (24,5.0; 10@:%:1114; Foint GSHOF P 2.2 %
Deuhile Re ;gmtﬂ awe:é {General Subroutine)
a1 bix'f a1 147 ca 50r )Set y, =
ts 3r .{j 148 ex 102r f
ca 2r ) T > 07 149 sr %15 Form and cozre
op_ ss:-f 150 od 198r | (xpx,'-2"%): 2°1°1%77
su 50r ) | Form {146r) 151 (pO)
ts 2r \_.,f- x - =15 152 ts 198r
¢s 3r '\ Complement xl"' 153 8l *15
ts 3r | 154 ex 3r
mr 2r ) Form X%y 155 sr *15 Form
& 166rj 156 (xyrxy o217 271
cs 198r )Complement 157 sr ¥l
ts 196r »x,, x,'. 20r-3158 ts 2r Store x,
cs 97r 159 sl %15
ex 102r") Form and store 160 ea 3r
sudr Yy =¥y 161 ts 3r (Addx), x"
ts 97r 162 ca 198r ( and X 12"
P Ir 3, - 7y >0 163 ad 2r
ad 4r 53r=-3164 ts 2r ‘
ts 4r Interchange 165 mr 3r Does sign x = sign xl“?
ca 2r (xl, %', yl) 125r=-3166 ¢p_109r
ex 198r \and (x,, x,', y,) 59r=9167 ca 3r Scale factor and
ts 2r 168 er *15 | store x;, x;*
ca 3r 169 ad 2r
ex 102r 170 sf lir
ts 3r 171 ts 2r
cm 97r 172 s1 *15
su 10r by, = y; | =29>0? 173 ts 3r
ep_liSr 174 c8 l4r Form exponent
8p 178r No need for addition 175 ad 102r { of X, X '
ad 5r ) Store 176 ad 4r
ts 151:} sr 1+ |y, - y)| 108rj177 ts 4r



30 Flosting Peint ISRE PL 2.2 ¢

v 119 K8 AR E oy 1 4 7181{*3191 c&.l :‘H): 52 in reg., 12
caf 0} 192 sr %9 \Hoid x," in AG
w8 97r Stors 1nstruction 193
td 56r |and digits 194
td 189r 195
ad 197r (188r) 196 Go to part of I;S. for
5 particular instruction
td 191r 197 . —Oeparation parameter
sr *27 Form sp to address 198 (p0j Tamporary storage
sl *17 for particular . 70r=3199 5p 155D
ad 60r | instruction 200 “d@ address equal ax?
) , eturn to register
ts 196r (66r)201 { ollowing sp ax.
a(0) | Pick up x,, x,’ and ¥, 90rR02 ca 108r\Produce overflow
ts 102r Store x2 in reg- 198 203 ad 108r
R ﬂSWJavff'éhnﬁ“ex A60
:‘ I e Y I N
(e [N ; o
EPRI R bﬁl)fﬁ
[su o 2 {Gp
R
Y e apt (ot ’:



LIGEYAL COUMPUTER LABORATCRY
MAESACHUSETTE INSTITUTE OF TECHNOLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Operations on Real (30,0,0) Fixed-Point LSR PA 3.1t
, Double Register Numbers (Minimal Routine
with Sign Agreement, giving 28 Binary
Digit Accuracy in mr) Classification
Interpretive
No. ¢f Regs. Temp. Regs. Average Time Max, Time
in Subroutine | used by Sub. (operations) (operations)
9% |  =e=ee- see description see description

Preset Parameters (to be inserted in main program)
v8/ pk: k = separation in storage between the two registers of
a double regilster number
vx/ pN: N = address in storage of the first register of the
interpretive subroutine

Description

By means of this subroutine various logical and arithme-
tic operations can be performed upon real (30,0,0) double-
register numbers., The numbers are stored in two reglsters whose
addresses in storage differ by a preset parameter k, i.e.
if the major half of a double register number is stored in
register n, then the minor half 1s stored 1n register n+k.

The operations are written in the usual WW instruction
code, but the meanings of these operations may differ from the
usual ones (see description of instruction code), Any number
of these instructions may be performed in sequence by placing
an sp ax before the first instruction in the sequence. The
instructions in the sequence are then interpreted successively
until a change-of-control instruction 1s reached at which
point either another sequence of instructions is interpreted;, or,
if the change-of-control instruction is an sp ax ordinary WW
operation is resumed at the register followlng the instruction
sp ax.,

The multiple register accumulator (mra), in which the
results of 1in8tructions are left, consists of the storage
registers 2r and 3r.




fage ¢

ta n

ex n

sSp n

ca n

€8s n

ad n

sun

cmn

nr n

CTITLE: CUperations cir Real (30,0,0) Pixed-Point L3R PA 3.1 ¢
Double Register Numbers (Minimal Routine
with Sign Agreement, giving 28 Binary
Digit Accuracy in mr)
Av, Ho,
insvruction Function Operations
ts n Transfer the contents of mra to registers 22

n and ntk

If m 1s the address of the last sp instruc- 18

tion executed by the subroutine, transfer
(m+1) to the last 11 digits of register n

Exchange the contents of mra with the
contents of n and n+k

If the contents of mra is negative, proceed

as in the sp instruction, if the contents
are positive disregard the instruction

If spn = Sp_ax, take the next instruction

to be Interpreted from register n, if

Sp n = sp ax, resume ordinary WW operation

at the register following the instruction
Sp ax

Clear mra, put the contents of registers
n and n+k in mra

Clear mra, put the complement of the
contents of registers n and n+k in mra

Add the contents of mra to the contents
of registers n and nt+k and store the
result in mra.

Subtract the contents of registers n and
n+k from the contents of mra, store the
result in mra,

Clear mra, put the absolute value of the
contents of registers n and n+k in mra

Multiply the contents of mra by the

contents of registers n and ntk, store the

result in mra.

22

22

22

23
22

40

44

22

34




Page 3

gTITLE: Operations c¢n Real (30,0,0) Fixed-Point LSR PA 3.1 ¢
! Doublz Register Numbers (Minimal Routine
with Sign Agreement, giving 28 Binary

Digit Accuracy in mr)

,,,,,,

1. Entering and Leaving Subroutine

Both entering and leaving the subroutine are accomplish-
ed by the instruction sp ax, where vx, a preset parameter, is
the address in storage of the first register of the interpre-
tive subroutine. When used to enter the subroutine, the first
instruction interpreted is that following the instruction
sp _ax in storage. When used to leave the subroutine, ordinary
WW operation is resumed at the register following the instruc-

tion Sp_ax.

2. Accurac
A1l of the operatinns executed by the subroutine are
carried out with a 30 pinary digilt accuracy except mr, which
1s carried out with 28 binary digit accuracy.

3. Sign Agreement
A sign agreement routine has been incorporated into the
interpretive subroutine, This means that khe major and minor
halves of the number contained in the mra always have the same
algebralc sign after an instruction has been executed by the
interpretive subroutine,

4, Reasons for Machine Sto e During the Subroutine

{a) Arithmetic overflow at b5r -~ sp ntk 1, 1,e. an
excessive address is being used for storing the minor half of
a double register constant,

(b) Arithmetic overflow at 7ir or 72r - overflow in
sum or difference for the interpreted instructions ad or su,

(¢) Various alarms can result from trying to interpret
an instruction which was not meant to be interpreted by the
subroutine,

5. 1In any of the operations the address n may be the
address of the mra,

6. The mra consists of the registers 2r and 3r.

7. If k = 1, the two parts of the double‘register number
are stored in consecutive storage registers.

¥, No subroutine using preset parameter v8 should be used
unless it 1s later reset.




TITIE: Operaticas on Reel (3 "333 Fired-Point Doublie 1SR#

Reglsier Fumbers (#nizal Routine with Sign
i Agreement, giving 28 Binary Digit Accuracy in mry

FE 3,1 ¢

This subroutine is a {30 090; interpretive subroutine
which performs the 1nstructions te,ta jex,cp,sp,ca cs,
ad,su,cm and mr, The double register constants dealL
with by the subroutine are in registers whose addresses
in storage differ by a preset parameter k, 1,e, the
C(n, n¢k) represents a double register numbero Exit
and’ entry to the subroutine are accomplished by the
instruction gp ax, In leaving the subroutine, if
¢(m) = sp ax, then ordinary WW operation 1s resumed
at register m@l In the description given below, the
subroutine is assumed to be executing the instruction
C(m) = xx n. There are two preset parameters,

Absiract:

Preset Parameters: (to be inserted in main program)
v8 pk: k = the amount by which the halves of a double register
number are separated in storage
vx pN: N = the address in storags of the first register of the
interpretive subroutine

00 ta 51r )Enter interpretive 18 ex 2r (mr
01 sp S1lr [ subroutine 19 nh 28r
02 (p0) ara 20 ts 281"
93 {po0) 21 8115
64p==20f |sr 19r ca 22 Qn_éﬂgj
64r==405 sp 4ly ©E 87r--=323 ao 2r  Form C(2r) + 271
64r--206 gp 69r ad 24 gp 30p
64r==307 gp 65¢r su 79r---325 ¢s 2r Complement C{2r)
64r==308 @p 44r ©om 26 sp 49r '
09 |ip1 64r===427 8p Lir ts
10 §poa8 vl (62r)28 (po)
11 §td ax vx 64r===329 ca 43r ta
64r-=312 mr 2r (53r)30 td {0) Transfer m+1 to digit
13 ex 3r 31 gp 50r section of register n
14 mr 28p 64r===332 sp 44r ex
15 sa 3r 64r=--333 gp 93r cp
16 ts 3r 95r,64r--=934 ao 51r sp
17 lca © 35 td 43r Store sp{m*l) in 43r



SUIIEe Uparetlions on Resl izcgc_a} Fizef=Point Double ISR# B4 3,0 %
Register Nurbers ((inimel Routine with Sign
Agresment, giving 28 Birary Digit Accuracy in mr)
{

3% ca 30r |Store ca n in 51r 66 cs 28r
37 14 51:j1 67 ts 28r > su
38 su 11r ) 68 cs 45r
39 _cp 41r( Is xx n = sp ax? 2gr 69 sa 3r
40 _sp 5ir [ 70 ts 3r
3%r=<41 ad 9r 71 ca 2r ad su mr
42 _cp ﬁlg/ 72 ad 28r
(35r143 _sp (0) Leave interpretive sub, 73 ts 2r
gg;ggé%y_bé ca 3r 92r=-37, cs 2r \ Do C(2r) and C(3r)
" 56r)45 (p0) Perform 75 mr 3r p disagree in sign?
46 ts 3r | ts,ex,ca,cs,cm 76 _cp 50r
L7 ca 2r 77 cm 2r Is C(2r) ¢ 07
(54r)48  (pO0) 78 su 0
26r-=249 ts 2r 79 _cp 25¢
24T 2 %s--450 a0 Slr 80 cm3rY IaC(3r) 4 07
(crj 1r)--451 ca (0) 81 su 0
40ryd29 55 44 61r) Store n 82 _cp 90p
53 td 30:-} 83 su9r \ Form 1 -|C(3r)]
54, ts 48r Store xx n 84 ad 17r ‘
55 ad 10r 85 ts 3r
56 ts 45r Store xx (n+k) 86 ca 2r ) Is C(2r) positive?
57 td 63r Store (mk) 87 _cp 23¢
58 sr *11\ Set up entry 88 su9r ) Form C(2r) - 2715
59 ad 4r into table 89 ts 2r
60 td 64r : 82r=-390 cs 3r ) Complement C(3r)
(52r)61 ca (0) ) Store C{(n) in 28r 91 ts 3r
62 tsg 28r 92 _sp 74r Re-enter sign agreement
(57r)63 ca (0) Put C(n+k) in AC  33r--33 cs 2r )ep
(60r)64 gp (0) Enter table 94 _cp 50r ) Is C(2r) negative?

Tr-=365 ts 451\ 95 _sp_34r Perform sp order,



DIGITAL COMPUTER LABORATORY
MASSACHUSEITS INSTITUTE QF TECHNOLOGY

WHIRLWIND SUBRCUTINE SPECIFICATION

TITLE: Operations on Real (30,0,0) Fixed-Point Double- LSR PA 3.5t
Register Numbers (General Routine with Sign —
Agreement, No Division) (Interpretive) TAPE -2

‘ Classifiecation
Interpretive
Noo. of Regs. Temp. Regs. used Average Time Max, Time
in Subroutine by Subroutine (operations) (eperstions)
123 e : see description see description

Presat Parameters
vxZ/ pks k = separation in storage between the two registers of a double
register number
vx/ pNe N = address in storage of the first register of the interpretive
subroutine

Description )

By means of this subroutine various logical and arithmetic operations
can be performed upon real (30;0,0) double-register numbers. The numbers are
stored in two registers whose addresses in storage differ by a preset parameter
ky ieeo if the major half of a double register number is stored in register 1,
then the minor half is stored in register ntk.

The operations are written in the usual WW instruction code, but the
meanings of these operations may differ from the usual ones (see description of
instruection code). Any number of these instruetions may be performed in sequence
by placing an sp ax before the first inmstruction in the sequence. The instruc-
tions in the sequence ere then interpreted suscessively until a @hange-ofmccntrnl
instruction is reached at which point either another sequence of instructions is
interpreted, or, if the change-of-control instruction is an sp ax ordinary WV
operation is resumed at the register following the instruction s Sp_aX.

The multiple register accumulator (mra), in which the results of instruc=-
tions are left, consists of the storage registers 2r and 3r.

Instruction Punction e ) ety
ts n Transfer the contents of mra to registers n and ntk £
ta n If m is the address of the last sp instruction executed 18

by the subroutine, transfer (m+l) to the last 11 digits
of register n

ex n Bxchemge the combents of mrn fith thy coterts of nand = 22
=tk |
epae 0 L ILDLhe contents S umFE YR nEpEtive, Procesd o8 18 She o Zz

sp instruction, if the contents are positive disregard
the instruction




Pags 2

TITLE: Operation® on Real (30,0,0) Fixed-Point Double- LSR PA 3.5%
Register Numbers (Genera,l Routine with Sign
Agreement, No Division) (Interpretive)

|

Av. No.
Instruction Function Operations
spn If sp n = sp ax, teke the next instruction to be inter- 22
preted from register n, if 8p 1 = Sp _ax, resums ordinary
WW operation at the register following the instruestion
Sp ax
ca n Clear mra, put the combtents of registers n and nt+k in mra 23
68 n Clear mra, put the complement of the contents of registers 22
n and n+k in mra
ad n Add the contents of mra to the contewts of registers nand 40
ntk and store the result in mra
sun Subkract the smnteuwts of mgisﬁem n and »¢k from the con-
teats of mra, store the resul% in m
omn Clear mra, put the absolube walue af the conbents of [+ 4
regisbers n and ntk in mra :
mrn Multiply the conbents of mra by the contents of reglst‘ers 54

n and ntk, stere the result in mra..
s1(800+n) Imltiply C(mra) by 2" and leave the result in the mra 29

sr(800+n) Multiply C{mra) by 27, 2nd shore the first 30 digits of 28
the result without roundeff iIn the mra,

Notes
l. Entering and Leaving Subroutine

Both entering and leaving the subroutine are accomplished by the
instruction sp where vX, a preseb parameter, is the address in storage of
the first register of the interpretive subroutine., When used to enmter the sub-
routine, the first instruction interpreted is that following the instruction
Bp ax in sterage. When used to leave the subroutine, ordinary WW operation is
resunmed at the register following the instruction sp ax.

2o Ascuracy
AIT of the operations executed by the subroutine are carried
out with 30 binary digit accuracy, affected only by roundoff on the thirtye-
first digite.

30 8ign Agreemsmt
A sign agreement routine has besn insorporated into the inter-
pretive subroutine, This means that the major and minor halves of the number
eontained in the mra always have the same algebraie sign afber an instructiom
has been executed by the interpretive subroutine.

4, Reasons for mashine stoppage durine the subroutins
(a) Arithmwetie everflow st 38r - sp n+k, an exsesaive sddress
is being used for storing the minmor heif of a doubie rerister constemi.
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TITLE: Operations om Real (30,0,0) Fixed-Point Pouble- LSR PA 3.5t
Register Numbers (Gemeral Routine with Sign
Agreement, No Divisi¢on) (Interpretive)

(b) Arithmetic overflow at 72r or 73r - overflow in sum or
difference for the interpreted instructions ad or su.

, (¢) Various alarms can result from trying %o interpret an
instruction which was not meant to be interpreted by the subroutine,

5. The mra consists of registers 2ax (at 2r) and 3ex (at 3r).

FCH

AS
12/5/51 | 2/5/52




TITLE:  Operations or Real {(30,0,0) Fixed-Point LSR# 24 3.5%
Double-Register Numbers (Goneral Routine TAPE# T721-2
with Sign Agreemsnt, Ne Division)

(Interpretive)

Abstrect: This subroutine is a (30,0,0) interpretive sutroutine
which performs the instructions ts, ta, ex, cp, ca, cs,
‘'ad, su, om, mr, 8l, and sr. The double register con-
stants deelt with by the subroutine are in registers
whose addresses in storage differ by a preset parameter
k, i.8. the C{n,n+tk) represents a double register number.
Exit and entry %o the subroutine are accomplished by the
instruction s axo In leaving the subroutine, if C(m)
C(m) = 8p ax, n ordinary WW operation is resumed
at register m+1. In the desoription given below, the
subroutine is assumsd to be executing the instruction
C(m) = xx n. There are two preset parameters.

Presot Perameters:; (to be inserted in main program)
vx2: pk: k = the smount by which the halves of a double
register mumber are separated in storage
vx: pN: § = the address in storage of the first reglster
of the interpretive subroutine

00 +a 51r Set next instruc- 20 ts 2r
0L sp s~ iom address 21 sl* 15
" (232 )—> 02 (p0) e ara 22 sp 92r
03 (p0) "} 88r——> 23 a0 2r  Form (2(2:')4-2“15
65r —> 04 |sr 19r ca : 24 sp 50r
65r —> 06 _sp 44r o8 80r——> 25 o8 2r Complement C(2r)
65r —=> 06 _8p 70r 70r ad ' 26 sp 49r
65r —> 07 _sp 66r su 65r—> 27 8p 44r ts
65r —> 08 sp 44r om (68r)(63r) 28 (pO) C(n) =
33r —> 09 os 2r 65r—>29 oca 43r ta
0 spme S 00T T ey w0 wa0) (T T e
11 _sp 34r  Perform sp instruc- 31 _sp SOr ’
65r —»12 ts 19r tion 65r—> 32 _sp 44r  ex
13 mr 3r m 65r—> 33 _sp Sr op
14 sp 94r 1l1r,65r—> 34 ao 5lr sp
65r — 16 Joa ax 61 (vx) 85 td 43r {;’”"‘ sp(m*1)
65r ———216 ca 3r sr 36 oa 62r
17 sr* 15 ' 37 td 51r \Is xxn = spax
18 ad 2r sl, sr 38 su 1br

1037)(55r) (12r)—19  (p0) 0 (nvk)=x, 39 op 41r |



TITLE: Operations on Real {30,0,0) Fixed-Point LSR#* PA 3.5%
Double=Registsr Numbers (General Routine TAPE# T721-2
with Sign Agreement, Fo Division) (Interpretive)

' 6r
4C _sp 51r 120r —— 70 ga 3r
39r ——> 41 ad 122r 71 ts 3r
42 _°p _5_1_:_'_ - : 72 ca 2r ad, su, mr
(36¢) 43 _sp O Leave interpretive 73 ad 26r
5r, 8r . !
27r , 52r — 44  c8 Jr 74 ts 2r
(97r)(86r){57r) 45 (pO) , 93r —> 75 o8 2r
(113r) 46 ts 3r 76 m 3 § 2° 252;31 "niﬂ gn:( i)
‘ 47 oa 2r Perfornm ts, ex, ca, 7 op 50r agr
' cs, and om, SR T
(54r) 48 (p0) 78 om 2r
26r —> 49 s 2r 79 sul Is c(2r) # 07
10r
3irj i —>50 wo 1r Pick up next instruc- 80 op2fr
1r,40r,42r, (Or) 51 ca(0) tion to be interpreted 81 om 3r
(3¢r)(37r)(50rY g5 44 gor 82 su0 }1-0(3:-) ¥ o1
} Store n
53 +d4 30r 83 op S1r<
54 ts 48r Store xxn 84 su 122r
556 ts 19r 85 -ad 118r ¢ Form - 1 + |c(3r)|
56 ad 121r 86 ts 3r
57 ts 45r Store xx(n+k) 87‘ oa 2r } Is G(2r) positive?
58 +td 64r Store (n+k) 88 op 23rJ . '
59 ars 11 89 su 122r | : <15
' $ Form C(2r) - 2
Set up entry into
60 ad 4r table 90 +ts 2r
61 td 65r : 8% —> 91 cs 3r

_ } Complement C(3r)
(52r) 62 o¢a(0) Store C(n)in 28r 22r —> 92 t8 3r

63 t= 28r 93 _sp 75r Re-enter sign agreement
vy I ,
(58r) 64 ca(0) put C(n+k;= x, in AC 14r—294 sr 2 }Form %{1 xvz and store
(61r) 65 _sp(0) snter table 95 ex 19r in 19r
7r ——> 66 ts 45r ‘ 96 mh 2r - Form x, x'z, store major
67 os 26r 97 ts 45r_J) hauf in 45r

68 ts 28r 98 s1%6 1 [ -]l
-}Formz xlxz

69 cs 45rJ/ 99 sr 2



100
i0
102
103
104
106
106
107
108
10¢
110
111

¢ Opsrabtioms on Real (30,0,0) Fired-Point
Double-Register Numbers {General Routine

LSR{ P4 3.5t
TAPE #t T721-2

with Sign Agreement, No Division)(Interpretive)

ad 18r

ex 2r

Aoougul tes round-off
} and store in zZr

mh 28r
ts 19r
slx 15
ex 28r

mh 3r
ts 3r

sr 2
ad 2r
sr 13

sl»s 15-}

Formfxlxz s store major

half in 19r and minor
half in 28r

Form xfl x, and store
major half in 3r

Form ‘35; [“1"2]’

Form total round-off
and add ini;‘:o ma jor
half of xlxz

112
118
114
115
116
117

118 'caO

119

sa 45r
ts 45r
ca 19
ex 28r
sa 46r
ts 2r

Add xlxa" and the
major half of xlx’z

ex 2r

120 sp 7T0r FEnter addition routine

121
122

plax2 vl
)



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE QF TECHNGLOGY

WHIRLWIND SUBRQUTINE SFECIFICATICON

TITLE: Operations on Real (30,0,0) Fixed-Point Double LSR PA 3.10%

Register Numbers (Short, fast routine without

sign agreement giving 28 binary digit accuracy TAPE 1798
in mr) Interpretive » Classification
Interpretive
Ho, of Regs. Temp. Regs. Average Tfﬁa Max. Time
in Subroutine  used by Sub. (operations) (operations)
78 0 e N

Preset Parameters (To be inserted in title of main program)
vx pN, where N is the address in storage of the first register of the
interpretive subroutine
vx2 - pk, where K is the separation in storage between the two registers
of a double register number

Deseription

By means of this su‘brou'bine various logical and arithmetic operations
can be performed upon real (30,0,0) double-register numbers. The numbers are
stored in two registers whose addresses in storage differ by a preset parameter
k, i.e. if the major half of a double register mumber is stored in register n,
then the minor half is stored in register ntk.

The operations are written in the usual WW instruction code, but the
moanings of these operations may differ from the usual ones (see description
of instruction code). Any number of these instructions may be performed in
sequence by placing an sp ax before the first instruction in the sequence. The
instructions in the sequence are then interpreted successively umtil & change-
of-control instruction is reached at which point either another sequence of
instructions is interpreted, or, if the change-of-control instruction is an
sp ax ordinary WW operation is resumed at the register following the instruc-

E{on Bg 8Xe

The-mulwipke register accumulator (MRA), in which the results of in-
structions are left, consists of the storage registers 2r and 3r.

This interpretive subroutine does not contain a sign agreement routine
and hence the contents of the MRA may have different signs, e:go in the sub-
trastion

10-2715 4 5.27%0 _ [5.2715 4 10.27%0 ] 5:2725 4 (-10)-27%0
the result has major and minor halves of unlike sign, ‘This fact mist be
remembered by the programmer if compubations are carried on outside of the
subroutine or if other library subroutines are interpreted by the interpretive
subroutine. In the latter case, a library subroutine should not be used unless
it i8 explicitly stated in its specification sheet that it is permissable to
use it with interpretive subroutines not containing sign agreement.




TITLE: Operations on Real (30,0,0) Fixed=Point Double

registers n and n+k, store ths result in MRA

LSR PA 3,10t
Register Numbers (Short, fast roubine without TAPE T798
sign agreement giving 28 binary digit accuracy
in mr) Interpretive
AVO NOo
Instruction Function Operations
ts Transfer the contents of MRA to registers 17
n and n+k
ta If m is the address of the last sp instruection 13
executed by the subroutine, transfer (m+l) to
the last 11 digits of register n
ex BExchange the contents of MRA with the contents 17
of n and ntk
cp If the contents of MRA is negative, proceed as (+)14
in the sp instruction, if the conbtents are (=)25
positive disregard the instruction
sp If sp n # sp ax, take the next instruction to 18
be interpreted from register n, if sp n = sp ax,
resume ordinary WW operation at the register
following the instruction sp ax
ca, Clear MRA, pubt the conbents of registers n and 17
ntk in MRA :
cs Clear MRA, put the complement of the contents of 17
registers n and n+k in MRA
ad Add the contents of MRA to the contehts of registers 18
n and ntk
su Subtract the contents of registers n and ntk from 17
the contents of MRA
mr Multiply the contents of MRA by the contents of 33




TITLE: Operations on Real (30,0,0) Fixed=Point Double LSR PA 3.10%
Register Numbers (Short, fast routine without TAPE T798
sign agreement giving 28 binary digit accuraey’
in mr) Interpretive

Notes:
1. Entering and Leaving Subroutine .
Both entering and leaving the subroutine are accomplished by the in-
struction sp ax, where vx, a preset parameter, is the address in storage of the

first register of the interpretive subroutine. When used to enter the subreutine*
the first instruction interpreted is that following the instmetion gsp ax in
storage. When used to leave the sifWboitine,ordinary WW operation is resumed at
the register following the imstruction sp ax.

2. Accuraey
All of the operations executed by the subroutine are carried out with

a 30 binary digit accuracy except mr, which is carried out with 28 binary digit
aecuracy.

3. 841 reement
PA 3.10%t does not contain sign agreement. Hence the major and miner
halves of a number need not have the same sign.

4. Reagons for Machine age During the Subroutine
(a) Arithmetic overflow at 56r-—an excessive address is being used
for storing the minor half of a double register numbere.

(b) Arithmetic overflow at 49r or 56r--overflow in sum or difference
for the interpreted instructions ad or su. ‘

(¢) Various alarms can result from trying to interpret an instruction
which was not meant to be interpreted by the subroutine.

5. The MRA consists of registers 2ax(2r) and 3ax(3r).

2?5552 ~, z?g;sfsz .




ZITLE: Operations on Real (30,0,0) Fixed-Point Double ISR 24 3.10%
Register Numbers (Short, fast routine without TAPE T-798
sign agreement giving 28 binary digit acecurasy -
in mr) Interpretive

Abstract: This subroutine is a (30,0,0) interpretive subroutine which
performs the instructions ts, ta, ex, op, sp, ca, cs, ad, su,
om and mr. The double register constants dealt with by the
subroutine are in registers whose addresses in storage differ
by a preset parameter k, i.e. the C(n, ntk) represents a double
register number. Bxit-end entry to the subroubine are accom-
plished by the instruction sp ax. In leaving the subroutine,
if ¢(m) = sp ax, then ordinary WW operation is resumed at
register m+*l. In the description given below, the subroutine
is assumed to be executing the instruection C(m) = xx n. There
are two preset parameters. The subroutine does not contain sign
agreement, Hepce the major and minor halves of a double register
number can have unlike signs.

Preset Parameters
vx pN, where N is the address in storage of the first register of the
interpretive subroutine
vx2 pK; where K is the separation in storage between the two registers
of a double register number

00 +a 53r yEnter interpretive 20 su O
01 _sp 53;«} subroutine 21 op 60r I_
(76r)oz  (p0) }mra ’ o 22 o8 2r Y}Is ¢(2r)or C(3r) pos.?
{74r)03  (poO) . 64r ——> 23 cp 52r) -
59r == 04 s8p 44r ca 24 sp 34r Perform interpreted sp
59r —>05 sp 44r os - 25 pa x2
59r —=> 06 sp Tr ad 26 1.67777ax2
6ry59r —> 07 ad 26r —su ' 50r ——> 27 sp 44r +ts
08 ©s ur JForm ca(ntk) or cs 28 sp ax

(n+k)& store in 9r

77r-3(805909  (pO) 1 1 59r ——3> 29 td 65r ta Transfer n to digit
% }gorm *2 * 1 and section of reg. 65r
r

10 =sa 3 tore in 3r(ad, su) 30 oca 42r
1 1 -
11 sp 48r JTOTR T, XX, 51 sp 65r
+ x% x, (o)
39 —> 12 4 68rY mr 59r ———> 32 sp 44r ex

Set address at 68r to]
13 ts 72r) n & store mrn in 72r 92‘6*275—9 33 &p 19r op

14 ad 25r Store mr(ntk) in Of g;ﬁ: —> 34 ao 53r sp

15 ¢s or 35 td 42r Store sp (wtl) in 42¢
16 ca 51?} Store ts2r in 50r 36 ca 50?} Store aa n in 53r

17 +ts 50r 37 +d4 53r

18 sp 87r 38 su 28r

}Is xxn = sp ax?
33r —=319 " cm 2r T}Is c(zr) ¥ 0 39 ts 47r .



40
41
{35r) 42_

43

2e 52— 44

45

46

gzgig (69r)47

11r = 48

49

(17x) (54r )50

51

231 5 66y 52

34r)(57r)(0ﬁ55
1r ;43 ——

(52r) 54

- 55

56

57

58

TITLE:

Operations on Real (30,0,0) Fixed-Point Double

Register Numbers (Short, fast routine without
sign agreement giving 28 binary digit accursacy

in mr) Interpretive

cm 47r

su 0

cpl0) -

sp 53r

ad 25r;} Store xx(n+k) in 47r
ts 47r

ca 3r
(p0)

ts 3r Perform ts,ex,ca,cs,

ad,su,nr
ca 2r 2=

(p0)
ts 2r
a0 53r
ca(0)
ts 50r
sr* 11
ad 33r
ts 59r
ca 50r

Pick up instruction
to be interpreted

Store xxn

Set up entry into
table

Pick up xxn

LSR PA 3.10%
TAPE T798

(57r) 59 (p0) Enter table
2lr — 60

(29r)

B1r ey

61
62
63
64
65
66

18r = 87

(13r)

68
69
70
71
72
73
74
75
76
77

cm 3r
su0 (Is C(3r) #0
_op 34
¢s 3r
sp 23r
td (0) Transfer m+l to digit sé
sp 52r of register n
ca 2r
Form xlxz
mh(0)n .
ts 47r Store [ilxé]in 47r
8l 15;}Store [%1xé]l in 3r
ex a3r
(p0)  Form [&ixz '
sa 3r - Form [x.lxal + [x.i’xz]
t8 Sr;} and store in 3r
ce 47r Store |z . x,[in 47r
172
ex 2rJ.
sp 9r

ction



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNCLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Operations on real (15,0,c) fixed-point LSR PA 8.1t
single registgr numbers (Interpretive) TAPE T724-2
Classification
Interpretive
No. of Regs. Temp. Regs. Average Time Max. Time
in Subroutine used by Sub, (operations) (operations)
b7 None See description of order ceode,

Preset Parameters (Te be typed in the title of the Mzin Program)

vx: pN: N = address in storage of initial register of subrout¥ne
vX3spe: ¢ = the number of binary digits to the right of the
binary peint in the (15,0,c) numbers
vxl:pM: M = address in storage of the initial register of the
' storage block for (15,0,c¢) numbers
Description

By means of this subroutine various logical and arithmetic opera-
tions can be performed on real numbers expressed in the (15,0,e)
system, 0<c <15. The (15,0,c) constants are stored in the fal-
lowing manner, Let c¢ be fixed and let a be a positive number
such that
. 2"(1S=C)ia520+1 -1
Then a can be written as the sum of a ¢ digit binary integer and
a binary fraction. The binary fraction is then rounded off to
15 - ¢ digits and the result stored with the sign digit =zero.
If a<O, repeat this procedure for - a, complement this number
and store the result.

For example, let ¢ = 3 and a = = 3%
Then
—a=3 4,%i
and
3 = +.0D11
%— = +.010101010101, 010
1 15=3= ts

3+ 011.010101010401

We now complement tThe following number
0.01101010101010101
and store the following result
1.10010101010101010
The programmer need not carry out this conversion process himself
but instead need only write the fixed point decimal number, - By
giving this information to the proper subroutine in the IP
sectlon of the library the conversion can be done automatically.




DIGITAL comm LAB@RATGR‘I
MASSACHUSETTS INSTITUTE OF TECHNOLQGY

WHIRLWIND SUBRQUTINE SPECIFICATION

TITLE: Operations on real (15,0,c) fixed-point LSR PA 8.1t

single register numbers (Interpretive) TAPE T724-32

Description (continued)

Operations upen numbers are written in the usual Whirlwind instruction code,
but the meaning of these operations may differ from the ususl onese. Any number of
these operations may be performed in sequence by plasing an spax before the first
ipstruction in the sequense, The instructions in the ssquence are then interpreted
sticcessively until a change-of-control instruction iz reached {see description of
order cod:) at which point either another sequence of instructions iz imberpreted,
or, if the change of control instruetion iz an spax ordémary Whirlwind operation is
resumsd at the register following the instruction spax.

The multiple register aeeumlator, in whish the results of imberpreted instruc-
tions are left, eonsists of the storage register 2ax.

kversge

Inst, Function Qperations
ts n Transfer €(mra) to register n. 14
td n Transfer the last 11 digits from the mra to the last 11

digits of register n 14
ta n If m is the address of the last sp instruetion e® effeetive

cp instruction executed by the subroutine, transfer (m#l)

into the last 11 digits of register n i3
ex n  BExchange C(mra) with ¢(n) - 14
ecpn- If ¢(mra) is negative, proceed as in the sp instruction,

if ¢(mra) is positive, disregard the instruction 18
spn  If spn ¥ spax, take the next instruction to be interpreted

from register n, if spn = spax, resume ordinary Whirlwind

operation at the register following the instruetion spax 21
ca n Clear mra, put ¢(n) in the mra ' 14
¢s 0 Clear mra, put the complement of @(r) in the mra 14
ad 1 Add C(mra) to §(n) and store the result in the mra 14
su B  Subtract ¢{n) from ©(mra) and store the result in the mra 14
¢ n  Clear the mra, and put the positive magnitude of @(n) in the

mra ' 14
mr m  Multiply C mra) by C(n), store the result in the mra 14
sl n  Multiply ¢ mra) by 2" and store the result in the mra 14

sr n  Multiply C mra) by 2™ and store the result in the mra 14




DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

WHIRLWIED SUBRQBTIHE SPECIFICATION

25
3e

4.

5,

6o

Te

TITLE: Operations on real (15,0,6) fized-poinmt | LSR PA 8.1t
single register mmbers (Interpretive) TAPE T724-2

Hotes:

lo Entering and leaving subroutine

Both entering and leaving the subroutine are accomplished ‘by the instruction

8p ax, where vx, & preset parameter, is the address in storage of the First

register of the interpretive subroutine, When used to enter the subroutine,
the first instruction interpreted is that following the instruction 3p ax
in storage. When used to leave the subroutine, ordinary WW operation i%
resuned at the register following the instruetion sp ax.

Accurag
All of the operations oxecutod by the subroutine are carried out with a
15 binary d:.gl'b accuracye

alculation wit b
If ¢ = 15, the (15,0,3) numbers dealt with by the subroutine are ‘m_na.ry

integers.

Reasons for machine stoppage quring the subroutins
a) Arithmetic overflow at 35r - overflow in a sew s difference for the

interpreted instruetions ad or su.
b) Various alarme can result from trying %o interpret an instruction whieh
was not meant to be interpreted by ths subroutine.

Qverflow during mr
It shouid be noted that overflows can occur during rmxltlpllca."slcn of

(15,0,6) numbers.  These will mot cause an alarm since the overflow is
ah:_fﬁeﬂeu:kofthe left hand end of the ascumlator, hu%timpm&mt is
formed modulo Z°.

In any of the operations the address n may be ths address of the mra.

The mra consists of register 2r (or 2ax).

FCE | A8
12/6/51 | 2/5/52




TITLE:

Operations on real (15,0,c) fixed-point

single register numbers (Interpretive)

Abstract;

LSR# PA &1%

TAPE# T 724-2

PA 8.1 is a (15,0,¢) interpretive subroutine which per forms
the instructions ts, td, ta, ex, cp, sp, ca, cs, ad, su, em,

mr, sl and sr.
plished by the instruction spax.

Exit and entry to the subroutine are accom-
In leaving the subroutine,

if ¢(m) = spax, then ordinary WW orerstion is resumed at

register m + 1, :

Preset Parameterss

¥xls M

address in storage of the initial register of the

storage block for (15,0,C) numberse

vx3: C
the binary point
vwx XN

where C is the number of binary digits to the left of

where N is the address in storage of the first register
of the interpretive routine .

In t2 description given below the subroutine is assumed to be executing
the order C(m) = xxn

00 +a 38r
.01 sp 38r
02 (p0) mra
46r ——» 03 |sr 18r  ca
46y ——» 04 }ca ax cs

46r ——» 05 sp 34r  ad
467 ey 06
46r ==y 07 _sp 34r
32r —~—e3 08 cs 2r
09 ecp 37r

- s G G

sp 34r su

46y w311 mh 2r
12 sl0ax3
13 sp 36r

" (Enter interpretive
{\ subroutine

46r—> 28 ca 24r
(41r) 29 +t4(0)

30 sp 3Tr
Sp 34r
sp 8r

46— 31
46r—s 32
5ry,6ryTr

. 46r—> 33
l4r,15r -} —> 34
26r,27r , 31x, y 35

(21r) (39r}
13r—) 36 ts 2r

or,30ry37 ao 38r

Sl e

ca 2r
(p0)

46r ——>14 sp 34r sl (37r)(19rY 39 ts 35¢
46r ——3y 15 8p 34r s 40 td 45r
10r,33r —> 16 ao 38r }stow ep(mtl) in 41 td 29r
© 17 td 24r 24r 42 srs 11
18 ca 4or :} store ca n in 38r 43 ad 3r
19 td 38r 44 ta 46r
20 su 4r (40r) 45 ca(0)
21 ts 36r (44r) 46 sp(0)
22 om 35r Is xxn=spax?
23 gub
(17r) 24 epo

46ﬁ-> 25 sp 38r

26 _sp 34r
46r— 27 sp 34r

sp 1l6r

ts
+d

ta '
Transfer m+l to digit sectiom
of register n

Perform ca, ¢s, ad, su, cmy
sl, sr, ts, td, and ex

Store xxn

Store n

Set up eantry to table

Pat C(n) in AC

Exbter table.



DIGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

| TITLE: Form sin g:x from x Stored in AC, and LSR TF 0.1 ¢t
Leave Result in AC
Classification
Closed
No. of Regs., Temp. Regs. Average Time Max. Time
in Subroutine | used by Sub, (operations) (operations)
19 d - 1t 15 15

Program Parameters
on entering Subroutine
ac: x
ar: return address

Results
on leaving Subroutine

ac: sin'grx

Description

‘ The subroutine gives_sin'%fx = ax~bx3+cx%~-dx” for
~1<x<1, The subroutine is entePed with x in the accumulator
and on returning to the main program, sin 7#/2 x is in the AC,
The maximum error 1s approximately +0.00005 and the average
error 1s +0.00003.




wn . o i
q?eimv el 1

i .
Tify Forw gin L x from x Stored in AGib end Leave LSR#

i=2

N
=3
¥z}
(]
[
¥

Result in AC,

Abstracty This subroutine gives sin ?x = a,waxB* cx5=dx7 ag a gingle

length fixed point number in the accumulator where -=1l<x<«1,
£ntering the subroutine: '
ac: x

Ieeving the subroutine:
ac: s8inM/2 x

Temporary Storage:
d unused
1t used to atore the value of x

00 ta lir Set return address 10 sr ™ (vbuczﬂﬁcxz*odxé)fl
01 ts 1t Store x 11 ad 18r (a-bxZrex-ax)2"L
02 whlt x 12 mh 1t (am-bosexr-dx )2t

7

2 13 s11  ax-botex -dx

02 mh 15r ~dx

04 ad 16r ¢ -‘dx2 (or) 14 _sp_(0) Return to main pregram
05 mh 1t ox - dx | 15 1,77560 =d
06 mh 1t cx° - dx* 16 0,05055 ¢
07 ad 17r <beax =dx’® 17 1.26521 <b
08 mh 1t obx¢ cx° o dx 18 0,62210 a x 2%
mh 1t =bx® ¢ ox® = ax°

09



DIQGITAL COMPUTER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

TITLE: Form cosinely from y Stored in AC, and LSR TP 1.1t
Leave Result in AC (15,0,0) — Tape =1
assilication
L Closed
No. of Regs.tTemp. Regs. Average Time Max., Time
'n subroutine used by Sub, (operations) (operations)
26 | a -1t(2) 20 20

Program Parameters
on entering Subroutine
ac: y _
ar: Return address

| Results
on leaving Subroutine

ac: coalne{%y

Description I ‘
Gives cosinexy bg changing y to x so that

cosZy = sin¥x = ax -bx3+cx>-dx’, for -i<x<d, If y=0, there
will be an overflow since the cosine of gero is one. The sub-~
routine 1is entered with y ﬁg the accumulator and on returning
to the main program cosineXxy is in the accumulator. The
mgxéggm error is approximately +0.00005 and the average error
+0, 2.

Notes
14, If y is +zero, an arithmetic overflow will occur in register 5r.

—DRNGDGA]  JWC YIT | WAS
1/14/52 | 1/16/52 | 1/22/52




TITLE; Forr oosine I:g from y Stored in AL, end
Leave Result in AC (15,0;0)

LSR# TF 1.1t
Tape 705-1

Abstract: Gives cosine %y by forming x=1-|y] go that

cosine E:v = sine gx and evaluating

2
3 5

sm§x=ax-bx+cx-dx,-1<x<1.

If y=+0

there will be an overflow at register 5r.

Upon entering the subroutine:

act y

Upon leaving the subroatine:

ac: cosine E—y

Temporary registerss

0
o2
03
07— 04
05
06
07
08

10
11
12

ta 197
ts 1t
ot _
;s 1t
ad 20r
ad 2ir
ts 1t
mh 1t
mh 22r
ad 23r
mh 1t
mh 1t

‘ad 24r

d - unused
1t - used to store x

Set return address 183
Transfer y to 1t 14
¥ negative? Yes 156
Noo =y in ac 16
1 =271%) o 17
add 273° (igz:ﬁ’t:) 18
1oyl =x in it (or)s
%° 20
~dx2 21
¢ -dx® 22
oxX = clx:5 23
c:via«--dx4 24
wbrox®-dx 26

mh 1t
mh 1t
sr¥l
ad 25r
mh 1t
sl 1

8p(0)
0.777T7

0.00001

1.77560 -
0.05055

1.26521
0.62210

' 3
«bx + CcXx -dx5
—bxrox -dx’
(=‘=‘v:)xz-"mv:4-dxs)2"1

(a=bxZ+oxt-dx®)2 %

(ax-bxo+cxo-dx )2~

ax~bx3+cx5-dx7

Return to main program
1 27°

2-15

=-d
o
=b

ax 2t



DIJITAL COMPITER LABORATORY
MASSACHUSETTS INSTITUTE OF TECHNCLOGY
WHIRLWIND SUBROUTINE SPECIFICATION

| TITLE: Porm SineZx from x Stored in AC, and/or |LSR TF 7.1t |
;

1

Form Cosine Iy from y Stored in AC, , '
| Tape T 750-1 E

Leave Result in AC, (15,0,0)

Classification
Closed
No, of Regs. Temp. Regs. Average Time Max, Time
ir, Subroutine | used by Sub, (operations) (operations)
28 d -1t 15 - sine 15 = sine
20 - cosine 20 = cosine

Program Parameters
on entering Subroutine
ac: xory
ar: return addreas

Results
on leaving Subroutine

ac: sineg_‘x or cosine Iat_y

| Deacription

If this subroutine 1s entered at register Or, 1t will
calculate cosine Ty by changing y to x 80 that cosinefy =
sine £x and evaluating sineXx = ax = bx%+ cx% - ax7, -l<x<l,
If it 1s entered at register 7r, 1t will calculate sinefx.
There will be an overflow at register 5r if y = O, The sub-
routine is entered with either x or y in the accumulator, and
on returning to the main program either sine £x or cosinely
18 in the accumulator. The maximum error is approximately
+0.00005 and the average error is +0,00002,

Notes:
1. Enter at Or if cosine £y 1s desired
enter at 7r if sineXx 1s desired
2, If y = +0, an overflow will occur in regilster 5r.

] .
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Li/1s/52 | 1/16/52 [ 1/18



ITTLE: FORY SINE ai FROM x STORED IN AC, LID/OR LSRE TF To1%
FORI GOSTUE Gy TROM y 570D IN AC, Taps T 750-1
LEAVE RESULT IN AC, (15,0,0)

Abstraot: If this subroutine is ,y:tered at register Or, %
will calculate cosine 4 by changing y to x su

d" .
that cosine »y = sine —gx and evaluating sine

- ax-bx>toxo-dx , -Icx<l. If it is entered

st register 7r, it will calculate sine zX.
There will be an overflow at register 5r if

¥=0o

Upon entering the subroutine:
acs x or ¥y

Upon leaving ths subpoutine:
ac: sine = or cosine 3o

Temporary registers:
d = unused
1t = used to store x

Cosine—s 00 ta 21r Set return address 14 ad 26r -brox® -dx}

01 ts 1t y in1it 15 mh1t  =bx + ox° dx°

02 op 4 Is y negstive? Yes 16 mh 1t - x? + cx4-dx6

03 o8 1t Noo =y in ao’ 17 sre 1 (=bx+ox -dx’)2t
or — 504 ad 22r (1 -271%) -|y|in ec 18 ad 27r (a -bxPtox -dx®)2”!

05 ed 23r 1 =|y| = x in ac ;’3::}%: 19 mh1t (ax -b§3+o:5:5dz7)§'1

Cs sp 8¢ 20 811 ax =bx"+ex~ -« dx
Sine —> 07 ta 2lr Set return address (0r)(7r) 21 s8p (0) Return to main program
6r ——> 08 ts 1t x in 1t 22 0,77777 1 =270

09 mh1lt z° 23 o.00000 271°

10 mh 24r -dx 24 1,77560 -d

11 ed 250 o -dx° 25 0,05055 o

12 amh 1% oxaa-dxs 26 1,26521 <b

-1

13 mh 1t oxo-dxt 27 0.62210 a x 2



	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65

