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The findings in this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.

Mention of any trade names or manufacturers in this report shall not be
construed as advertising nor as an official indorsement of approval of such
products or companies by the United States Government.

DISPOSITION INSTRUCTIONS

When this report is no longer needed, Department of the Army organizations
will destroy it in accordance with the procedures given in AR 380-5. Navy and
Air Force elements will destroy it in accordance with applicable directions.
Department of Defense contractors will destroy the report according to the
requirements of Section 14 of the Industrial Security Manual for Safeguarding
Classified Information. All others will return the report to U. S. Army
Materials and Mechanics Research Center.
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-.-- - INTRODUCTION

,-Tte- M floating point (FP) package, FPPI, for PDP-8 computers was developed
from the Digital Equipment Corporation (DEC) package, YQ4B (4/70)4 with the primary
aim of reducing its size, so that an adequate calculation and control software
package could be fit into the 4K memory of a PDP-8 that was used to control an
X-ray diffractometer in a wide variety of experiments in the AMMRC program of mate-
rials research. It should be particularly useful for systems with memory size
limitations, as in the older PDP-8's or as part of an arithmetic package committed
to ROM in modern units. It follows essentially the same approach and basic pro-
cedures as YQ4B, the major changes being the exclusion of E-format input and output
(I/O) and the use of a different square-root algorithm, and it retains the same
accuracy, generally six decimal digits in normal computations. It has the same
mnemonic and numerical codes for the basic FP instructions and function subroutines
and many of the same page 0 locations and address tags as the DEC package, so it
should be compatible with minimal changes with many programs using a 4K memory.
The linkages for multiple-field operations are left to those users to supply.

FPP1 includes all the operations of YQ4B, excluding E-format I/O, plus two-
word fix and float routines and an improved output roundoff. It occupieslocations
0007, 0015, 0040 through 0064, and 5512 through 7577,'for a total of 1101 words,
26% less than the 1492 words of YQ4B, the saving being approximately 10% of a 4K
memory.F It is not easily relocatable; a number of subroutines, constants, and
storage registers are positioned so that their indirect addresses occur as regular

, program words (e.g., JMP I XXX) to reduce storage requirements. Its data I/O to
the outside world is handled by two subroutines, READIN and TYPOUT, coded here for
a teletype (TTY).

FPP1 is a package of 41 subroutines, ranging from simple register shifts to
function series expansions involving other subroutines including the FP system
itself, which allows the user to program mathematical computations in FP arithmetic
through a set of simple block instructions, each of which calls up the detailed
programming necessary for that complete operation. We shall first outline the
general features of the package and discuss how to use it. At the end we add a
few general comments and give a complete PAL III pass 3 listing of the assembled
package for those interested in the programming details.

GENERAL

In the FPP1/YQ4B convention a normalized FP number has the form,

X = Mantissa 2 Exponent

where the Mantissa, a signed fraction with 0.5 < IMantissal < 1.0, is specified in
* two words by a sign and 23 significant binary bits, and the Exponent, a signed

binary integer with JExponentl < 2048, is specified in two's-complement form in one
word. It is stored as three consecutive words: the Exponent, then the high-order
(more significant) and the low-order Mantissa words. The Exponent address serves
as the address of that FP number.

i-.-. ....... . . . ......-..-. . . ....--.--"' " -- -, . ." - - .•. . ,- . .-



To work with these three-word FP numbers, FPPI/YQ4B uses a three-word 'pseudo'
floating accumulator (FAC), consisting of locations 0044, 0045, and 0046, labelled
EXP, HORD, and LORD, respectively. To maintain accuracy, some operations include
at intermediate stages a third word for still lower order Mantissa bits 24 thru

-, 35; that third Mantissa word for FAC is location 0047, labelled OVER2.

FP operations generally involve doing something to or with FAC. (A reference
to manipulation of a register or address simply means a manipulation of its con-

- tents.) When the operation involves another FP quantity, e.g., adding Y to FAC,
that quantity is first brought to the operand register (OP), and then the operation *

- is carried out between OP and FAC. The OP consists of locations 0040, 0041, and
~ 0042, labelled EXI, ACIH, and ACIL, respectively, with a third word available for
* OP Mantissa bits 24 through 35 at location 0043, labelled OVERI.

To carry out FP operations at some point in a program, the first step is a
jump to the FP Interpreter subroutine. Each succeeding word in the program is then

.j interpreted as a FP instruction, and this mode continues until the FP Exit instruc-
:~ tion is reached, which returns the computer to normal interpretation/operation at
- the next program word.

_N The FP Interpreter subroutine begins at location 7000. That address is stored
at location 0007, so the usual jump entry to the Interpreter is obtained by the
instruction: JMS 1 0007 . Entrance to the FP mode clears the computer AC, but it

- does not affect FAC.

FP INSTRUCTIONS

There are seven FP instructions that carry out the basic add/subtract/multiply/
4 divide/get/put/normalize operations. They are written in the usual PDP-8 memory
4 reference instruction format: bits 0, 1, and 2 contain a non-zero operation code,

and the remaining bits specify the relevant address in the standard manner (bit 3
for indirect address, bit 4 for current page vs page 0, and bits 5 through 11 for
the page address). These basic FP instructions, referencing an address Y, are:

Mnemonic Op Code Operation

FADD Y 1 Y is added to FAC, and the result left in FAC.
FSUB Y 2 Y is subtracted from FAC, and the result left in FAC.
FMPY Y 3 FAC is multiplied by Y, and the result left in FAC.
FDIV Y 4 FAC is divided by Y, and the result left in FAC.
FGET Y 5 Y is loaded into FAC.
FPUT Y 6 FAC is stored in Y.
FNOR 7 FAC is adjusted to normalized FP form.

Operations 1 through 5 leave Y unchanged, and operation 6 leaves FAC unchanged.
Operation 7 involves only FAC; the address part of this instruction is irrelevant.

A set of other instructions provide mathematical functions, input, output, and

other manipulative operations that deal primarily with FAC and do not require a
coded address. The complete octal code for these 'subroutine' instructions has the
form, OOXY, where XY locates the appropriate entry in a table of subroutine addres-
ses. These other FP instructions are:

2
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Mnemonic Octal Code Operation

SQUARE - 0001 FAC is squared, and the result left in FAC.

SQROOT - 0002 The square-root of FAC is calculated, and the result left
in FAC. A negative or zero FAC causes a program halt.

SIN - 0003 The sine of FAC (assumed in radians) is calculated, and
4' the result left in FAC.

COS - 0004 The cosine of FAC (assumed in radians) is calculated,
and the result left in FAC.

ARCTAN - 0005 The arctangent of FAC is calculated, and the result (in
radians, limited to the range, ± w/2) left in FAC.

EXPI - 0006 The exponentiation, eFAG, is calculated, and the result
left in FAC.

LOG - 0007 The natural logarithm of FAC is calculated, and the
result left in FAC. A negative or zero FAC causes a
program halt.

INPUT - 0010 A numerical quantity is entered on the TTY and converted
to normalized FP form, and the result left in FAC. A
detailed discussion of the input process is given in the
next section.

OUTPUT - 0011 FAC is output in decimal format on the TTY, with FAC
lost afterwards. A detailed discussion of the output
process is given in a later section.

NEGATE 0012 FAC is negated, and the result left in FAC.

FLOAT 0013 The two-word binary integer in locations 0057, 0060 is
converted to normalized FP form, and the result left
in FAC.

INVERT 0014 The reciprocal of FAC is calculated, and the result
left in FAC. A zero FAC causes a program halt.

FIX 0015 FAC is converted and rounded off to a two-word binary
integer, and the result left in HORD, LORD.

The addition of further FP instructions is discussed in a later section.

Finally, there is the FP Exit instruction:

FEXT 0000 Exit FP mode, return to normal word interpretation.

This exit clears the computer AC, but it does not affect FAC.

These mnemonics of course must either be defined in the program or included in
the PAL Assembler symbol table if a program using them is to assemble properly.

The use of these FP instructions is illustrated by a PAL III pass 3 listing of
a program to read in two sides of a right triangle and output its hypotenuse:

: 3



0400 4407 JMS I 0007

0401 0010 INPUT /INPUT A

0402 0001 SQUARE

0403 6213 FPUT X

0404 0010 INPUT /INPUT B

0405 0001 SQUARE

0406 1213 FADD X

0407 0002 SQROOT

0410 0011 OUTPUT /OUTPUT C

0411 0000 FEXT

0412 7402 HLT

0413 0000 X, 0 /THREE-WORD STORAGE

0414 0000 0

0415 0000 0

For other examples, see FPPI subroutines such as SQARE (6772) and SQROT (7156).

INPUT

The FP instruction, INPUT, causes a program jump to the subroutine, INPVT
(7400), which accepts and converts a numerical value entered on the TTY. That

numerical value must be entered in fixed-point or integer format; E-format is not
accepted. An input character string then has the general form: optional initial

spaces (ignored); a possible sign (+ is not needed and is ignored); the decimal
digits of the value being entered, with appropriately positioned decimal point

(e.g., 123.45); and, finally, a terminator, which is any character except initial
spaces, an initial sign, a decimal digit, or a decimal point. The TTY input rou-
tine, READIN, echoes each character as printed output, giving a visual advantage

to non-printing terminators such as a following space, or a carriage return (which
is automatically followed by an output line feed). The terminator stops the input
cycle, and the accumulated value is converted to a properly signed, normalized FP
number in FAC.

Several aspects of this routine should be noted:

1. Input of a terminator before input of any decimal digits yields zero in

FAC. Input of a misplaced terminator yields an incorrect value in FAC; recovery

may require restarting from the previous FP Interpreter entry in the program.

2. Input of a wrong number can be corrected easily if recognized before input

of a terminator; typing a 'rub-out' restarts the input cycle, erasing all prior
input for that quantity.

4
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3. A decimal point is never a terminator. Input of a second decimal point
* in a character string simply redefines the position of the decimal point in that

number. If no decimal point is included in the character string, it is assumed to
follow the last decimal digit (i.e., integer format).

* 4. The nimber entered, disregarding decimal points and initial zeroes, must
be less than 2 1 2 • I09 (i.e., crudely, no more than nine significant digits),
or a program halt occurs. This limit, which appreciably exceeds the 23 bit pre-
cision of the FP Mantissa, defines the magnitude of the largest number that can be
entered directly without program interruption. There is no corresponding smallest
number limit, so one method for entering a number > 231 is to enter its inverse and
then invert the result.

OUTPUT

The FP instruction, OUTPUT, causes a jump to the subroutine, OUTPVT (7200), %
which converts FAC to a decimal representation that is output on the TTY. The
output can be in either fixed-point or integer format, but not in E-format. The
format specifications are stored beforehand as two numbers: NDEC (0054), the
number of digits to the right of the decimal point; and NDIG (0055), the total
number of characters to be output (not counting the sign or decimal point). The
string of characters output then has the general form: initial spaces, as needed
to fill the format; the sign (if positive, a space); and then the decimal digits
and decimal point for the FAC value, out through NDEC digits beyond the decimal
point. If the output is in integer format (NDEC = 0), the decimal point is not
output. The precision of the FP Mantissa allows only six significant decimal
digits, so zeroes are output for any further digits required by the format. The
last significant digit to be output, a function usually of the format, is rounded
off approximately to the nearest integer. If FAC = O.X * I0N is too large to fit
the given format but could fit it if NDEC were smaller (NDIG > N > NDIG - NDEC),
then NDEC is reduced until the output can fit (i.e., NDEC = NDIG - N), and output
continues in this left-shifted format until NDIG and NDEC are redefined. If FAC
is too large to fit any shifted format (i.e., N > NDIG), then NDIC decimal points

II are output instead.

Two points should be noted:

1. A carriage return/line feed sequence is automatically sent to the TTY
after each output if SWITL (0061) is non-zero. That sequence can be obtained in
normal mode programming by the instruction, JMS I CRLF , where CRLF = 0064.

ated2. FAC must be stored if it is needed for later steps, since FAC is obliter-
w ated by the output process.

.45
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OTHER COMMENTS

If improper operations are encountered, a program halt occurs. There are five
such halts in FPPI, as follows:

Address Error

5562 FAC is too large to be fixed as a two-word integer.
5700 The logarithm argument is zero or negative.
6304 The divisor is zero.
7125 The FP instruction, OOXY, is not a valid code.
7445 The input number exceeds the limiting size.

a,,

Easy recovery is possible only for the last of these, where actuating CONTINUE and
then entering a terminator will still yield proper input conversion.

Input and output of ASCII characters to the external world are handled by
subroutines READIN (7370) and TYPOUT (7172), respectively, coded here for a TTY. --
Other serial I/O devices could be used by recoding these two routines.

Other address-less FP instructions allowing the coded form, OOXY, such as
functions and manipulations of FAC or conditional skips, can easily be added to
the present set. The necessary steps are:

1. Enter the subroutine to carry out the operation in an arbitrary, convenient
region of memory.

2. Enter ADDRESS-I of this subroutine in the first empty space in the sub-
routine address table - here, 5776. The position of the entry in the table defines
its octal code - here, 0016.

3. Decrement MNSBR (7142) and increment TABL2 (7057).

4. Add the mnemonic code for the operation to the PAL symbol table.

The added subroutine may itself make routine use of the FP mode and the basic

FP instructions, t if it is also to use FP 'subroutine' instructions (OOXY codes)
care must be taken to save pointers [see, e.g., the square-root subroutine, SQROT
(7156)A and to avoid overlapping use of storage registers. The subroutine address
table, TABLE2 (5761 ff), presently has room for two more entries, but it can be
moved to allow room for many more; the FP Interpreter is capable of identifying
codes up to 0177.

Finally, it is not necessary to enter the FP mode to use these subroutines;
any of them can be accessed by a normal indirect jump subroutine instruction,
JMS I YYY. Only one caution is needed: if the double precision binary multiplica-
tion routine, DMULT (6200), is used, its preset return address, 7153, should be
restored afterwards for possible use by a FP divide instruction.

6
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DISCUSSION

FPP1 was developed from the DEC package, YQ4B, with the primary objective of
reducing its size while retaining most of its capabilities. The effort centered
on eliminating duplication and wasted space and tightening up the programing, while
retaining essentially the same basic procedures and algorithms and the same compu-
tational accuracy. This compaction has been surprisingly successful; the final
package, including several extra routines, requires 391 fewer words of storage, a
savings of almost 10% of a 4K memory.

There are a few differences about FPPI that should be noted:

1. E-format I/O is not available. This could present a problem for some
types of calculations, but it was not at all restrictive when FPPI was used as
part of the calculation and control software for a wide range of X-ray diffrac-
tion experiments, and it saved space.

2. The square-root is calculated by the sequence of operations, logarithm/
divide by two/exponentiation, which involves working in the FP mode to depth two.
This may be somewhat slower than the Newton iteration approach, but it saves sig-
nificant space.

3. Arctan (x), for 0.5 < x < 2.0, is calculated from the expansion,

-I 7r 1 3 I x - 1
tan x =+ Y y +1 *y 5 .... ,where y xj+1

which converges more rapidly in this range than do the usual expansions for the
small x and large x ranges, and which did not require many extra words.

4. The output is rounded off [subroutine RNDOUT (5512)] by adding 0.5 I0N

to FAC, where X - 10N is the last significant digit to be typed, which works quite
* well except when all six significant digits are output and the number is large.

This is a cosmetic extravagance, using 33 words, which is easily deleted.

A complete PAL III pass 3 listing and symbols follow. It includes many com-
*. ments to help in understanding the general FP approach and procedures and in fol-

lowing the detailed programming. Its listed date marks the recent revision in
preparation for this documentation that added the cosmetic output roundoff and
modified slightly the I/0 routines; the basic package was developed several years

. ago and has been heavily used. The user is urged to add other changes, as time
'* permits, as an educational exercise.

It is hoped that both the FPPI package and its documentation will be useful
to the community of PDP-8 users.

7
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/FLOATING POINT PACKAGE -AMMRC FPP1

/THIS PACKAGE VAS DEVELOPED RO. THE DEC YQ14R
/VEHSI(rJ (APhIL, 1Q7!P) 4'JD REQ!JIHFS P6X LESS
/-cilA ;F. T4F -YAJOR ADDEFD RFSTRICTTOJ IS THAT
/F-r~rYAl I\JPIJT AJI) 01ITP!IT ARE 'JOT PFRYITTEFD.

,Y.')! . ED ~l,(c0FIT-J.S ARE 'JSFD 0.4 SOME FIIVCTI O\'S.
/qASIC 1' STRrCTTO\ fvE~vCl\ lCS Aljb COPES ARE

11 v CAA'j ;EP.) STJPROT1TI\'JFS I \ CLITIEI) £ORF-

-ARCT=0005
/ XPT=R006
/LOG=PP'97

/(JIJTPT=PPI I
/' FATF=P P

L CL(A T=0!1~ 1 (LOAT 1'JTFGWR 1\1 (57.F'R)1
I/ \ I'VE1T= (A 1

(A P 7
e. PP7 700 7(AP

OM5OPP ATT1 lo

0~~~~~~ (Ai /l (A (1 PA E AO

17P-41e PPC' AClH. P'
00412 P 9 f AC ILo 0
(A 043 00091 OVERI 1
VVP.4 00rV~ FXPv 0 / AC
0 Ob J5 (A 0 RORiDs 0

0 0A 00 LORD, v
91047 0000' OVER2. .
pPP V5 0(7(, i OL. J

V 01 00910 LOC I v (
0PI5 0000 LOCP, (A

17 V93 0000P LOC3. 0
0054* (M IP VJDEC. MI
0055 OPPP 'DIG. rp
005,6 ((P27 14JR~ 00.
V '57 ((A OP %JBRHIP 0
P 61 0000~ VBPLO. 0

V V61 7777 SW IT 1 7777
0PFP 7170 R7AP. hEADI J
V 061 7 17P TYPE. TYPOWJ
1700;5 PP/ 97/I CiL v CRL RT
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5 5 512 PC.P (A)OIJT. ( /(AO(A'JlI -I O(ITPlIT
5513 146P TAT) I RFAD /ADDS P.' (I *- ) TO WAG
5514 I(A54 TAD \)DEC
5515 7510 DVTE\Pj, SPA
5516 5346 JMP OfJT0'

* 5517 1350 TAD "i6
5 P 750P SMA
5521 7 P PP CLA ,H/PC)l1)O SIXTH DTGIT
5522 '704j CMA /PO(I\]DO;'.-. TO FOPMAT
5523 1-15P TAD 6
5 5P4 1463 DCA I TYPE

- 5525 44V7 ,JYS I 0P7
- 5526 675P FPUT I XXX

59P7 5751 .. ET I ,1'E

5 5530 .(, 0 0 EXT

5531 30"44 DCA EXP
5532 7410 SA(P

5 533 4715 JMS I DVTEN -
5534 PL,63 ISZ I TYPE
5535 5333 JMP .- 2
553 6 44(7 JMS I a0007

5S17 175P FADD I XXX
, 55400 (A(A FFX T
* 55541 1044 TAD EXP

5542 775P SPA SNJA CLA

5 541 5712 JMP I RqDOIIT
5 544 47 15 JMS I UVTEJ2P
5 545 P,62 I S, I RFAD
5546 7901'3 OJTO, CLA
5 5L.7 5712 J P I .iRDO!T-"

" 555A 777P . -6
5 '351 566A fVINE, 56AA
5 55P 5734 YXXX, 5714
5 593 eOP., 0 V IFXx, /FI'K AC .

5554 144 TAD FXP /F.(IT r4IT' l'TFi3,FP 1\1 (40RDLORD)
5559 7510 SPA
595f6 794P CLA CMA /([AC3 < P-.5" SWIFT IP(R)

5557 71 N,1 CMA IAC

5560 1056 TAD VBRX /[(AC] > .5; SHIT (97(R)-FXP1
5561 7510 SPA
55A? 740P 4LT /[FACJ > P*,l; TOO LaFIE

5563 7160 -". CML CMA
" 5564 3776 DCA I AMVT5

5565 2776 ISZ I A JT5 /.AS F"P 27(s)?
5566 4777 YV'S I RSHrTl /JO: PIGT SqIFT MANTISSA
5567 1(f47 TAD OVFHP /FO,1'ND OH. TO JFARFST INJTEGR
557P 7710 SPA CLA
5 571 P/4 6 IS7 LOHD

. 557P 5753 JMP I IIXx
.: 5573 NAIJ9 !S7 HORD

" 5574 7 000 NOP
5575 5753 iMP I Ilyx
5 576 6655 AMNTS, AMOr)1\;T
5577 6670 RSHIT3. FSH FT

9
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56.1 7 INA CLA CLL
56CO I P41 TAD OVEHPW 5 603 7041 CMA I AC

560L, 3(47 DCA OVEHP
" 5605 1 P46 TAD LORD

5 A06 7' fJb CMA
5 607 743( S7.L
5 All? 7 1PI CLL JAC
5611 3046 DCA LORD
561P 145 TAD -iOhD
5613 7040 CMA

5614 7 41"r SZL
5615 71AI CLL JAC

, 5616 3045 DCA HORD
5617 56VP JMP I AC EG
56P P'OV FEXP, k /F.P. F.XPO'IA.TTAL
56.I 1045 TAD HORD
5 62P 7510 SPA
5623 4?P C'. JMS ACJFG /MA(E F)AC POSITIVE
56P4 3275 DCA FLOG /\JOJ-7.EPO Ir AC WAS • (
5625 4959 J t'S SETODU
566 o AI I J 5 1 SETF.V
5627 3?59 DCA SETODD
5 61P 3664 DCA I SEH5"4
5631 7150' CLL CLA CMA HAH
563P 4674 ,JMS I SEH IF,
5633 12P5 TAD EXP+5
5634 36611 DCA I SERSV
563 1P75 TAD LOG"
5636 7650 S'Q CLA 14AS AC VFGATTVE?
5637 4665 JMS I I.IVRT1 /YES, IWJEVPT RFS'ILT
564P 56.0 J.MP I i"EXP /NO
56641 604P SETEV, SETEV\J

*': 564P (APPe XMPI, -MA4ES ((-A)/(X.1)
5643 4407 J.MS 1 000."7

- 5644 1266 FADD OJE
S 5 645 6334 FPIJT X

5 646 9673 FS 1 IR 1 DF'JX
5647 4334 i.DIV X

- 5650 000' IEXT
5651 5642 i iP I XMPI

. 5652 POOP SETODDo 0 /SETS TEPMS .OR SEIFS
5653 44P7 Jt 5 I 1?PP7 /'EGI'jVIVG 4IT4 X
5654 A334 "F'IT X
5655 6337 EPhJT Tl"
565f, 6345 P'IT T141
5657 52 A G;T OJF

-. 5 &6" 63112 F':JT TH
566 639" FP!J IT TP.

5 ,63 55 .LYP I SETODI'
560,4 615P SEHS,5 , SI-iI ES +I
5669 61"17 IJVHTI, 'VkT

10



. . _ . • i' % ,.- --- ,. -. x . . .. , -. . , . - _ " - " - . - . I - . , . ,

5 A,7 POOP

d5671 pf61.113

5 A72 41 1 if 4h 14I

'673 I FI3A' DF.IX. TWO
5674 A14,6 SFI EEI. SEP I FS

5675 cPPO ' LOG, , A.P. I-'1T,-..

5676 IP4i5 TAD HORL)
5677 77 L SPA SqA CLA

57nS 740P HLT /VEGATI,)F AP( GfYE\JT

57PI Il Pin TAD EXP r

.I 570P 3 6c DCA NBRLO

57'V3 3(044 DCA EXP / <Y.5 < I .P

5704 42bP dmS XIVP 1

" 7CA5 425p JM.S SETODD

5 7(AA 3!?5P DCA SETODD
5 707 lOP'7 T41) 000'* 7

571( 4674 JYS I SE.IE.

5711 1 60 TAD %J3RLO

5712 7710 SPA CLA

5713 7040 CMA

5 714 3.,57 )C A 'JRHI

5715 4351 JMS FLOWT
5716 44P7 JMS 1 0007

5717 3,70 1.Pf LOGG9P

5720 1345 }ADD TW3
5721 1349 FADD TH3
5722 5 0 0EXT

5"723 5675 Jd.P I "LOG57 7P4 V000 C R L R T, (A.

5725 1332 TAD C.15
5726 4463 JMS I TYPE

5727 1333 TAD C.I'

573 4463 JM S I TYPE
5731 57P4 JM P I CRLIRT

5732 "215 C.15, '15

5"7"13 SP 1' CP1P, OP1! /DO NJOT FFLOCATF

5715 0000

57316 ( . (A

5737 0(fP T rfi I /O('JPlIT Rflr rEP
5740 0000 P -

5741 (?('('P

9741 POOO4~
5744 ('P(AP e
5745 M(""rO TR3,

5 7156 P ?PC P
, 5747 O O e('-
P 5 750 VO'PV Th.

5751 (A e ,.'.

5759 0.? M P (A
579 P P m' L(,'4 T v /"140 4OJP I\'TLGrF FLOAT

-"; 5754 (Aa 7 JY.S I 09.A7

5755 5.96 F3ET ' f

[.4
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5\ 57AP S7 S IC

s~ 57Al A77 1 14ILFP SoAh'.-1 /S'Jlr4'TINF AI)TPH-q~ T4 4tL~: 576 4 flyS1 SQROT- I
57f%3 S~7 77 FS] v--I
57A4 A0.11 FCOS -1 1
576S Afl(%L ARCT \i- I
57 ff-6 5f,17 1'EXP- I
5 7A7 5674 FLOG- I
5 77 e 7 377 1 VPV'- I
5771 7177 O'JTPVT- I
577P SS77 A r, FG- I
577.3 57 5P FLC'W.T- I
5774 A 1 36 1' VNT - I
5775 5559 I~-
S776 V. 0 0 (A9

5777 900 91

*691 (A91(A9(Ai.;SI V, 91/F.P. STJF
~J60911 1P 4 5 TAD HORD

6. 6912 77009 Stv A CLA

6.- 6C0 4 633 JM S I AC'JEGI
f,~ 0 V- 5 71P6 CLL C-:vL PTL
6 (36(A 6. '266 DCA ARCT'J

S60097 1014 TAT) F. XP
~'61177',5P SPA 5JA CLA /IS tX4G. iAC < 1?
('011 5217 imp .+6 Fs
6012 44917 JMS 1 000197 /JOv iiED'ICE RY P1/P.
A'013 237P ISUR H4LFPI
60114 919191 FFXT
FP91~5 226k6 ISZ ARCTJ

*~6016 5 C!0x7 ilP p -7
69117 /J665 JM.S I SFTOD 'SET FOP SINE1 SERIFS
A91p)9 1266 TAT) ARCTJ

: 60121 7 019 RAN
6 6(APP 3P66 DCA AHCTI
6'! 6913 7410 S?: L /ODD MFILTIPLE 01' P1/P SfIERTRACT1'D?

S60124 424P dM5 SETEV'J /YES, SET F0H COSIN~E SEHIFS
69P5 71501 CLL CLA CMA BRH

'60126 414 5 JMS SERIES
6 6027 1266 TAD ARCT'J

*;60391 70109 B AP
6031 7 63 0 S7.L CLA /SIGNJ HFAIERSAL FF~flIPF'D?
6032 4633 dM5 I ACNEGI 'YES
6013 56010 ACE1 I dkVp I )-SINJ
6034 0 P (00 iCOS, 91 /'*&.P COSI'JF

S60135 di 4 (,7 JMS I 919197
A)6936 1.17P FADE) IAL P1
OS 037 0 V 091 FEX T
6 0401 4291 JIMS S1'\J
6 041 5634 JxYP I FCOS

S6014P O000 SETEV,Jj 91 'SFTS TFI9MS FOR SEPTES
A.043 44V7 LP'S I 919197 'E4EGI'J'JT'G WITq I

12



L P44 6744 FP! JI I TSI /'ISF APTH .i S S'TOI;D

, ,045 6771 tPUT I TS3
6 01'4A P771 FSU I TS"
6 CA47 6776 }PPUT I TSIJ

6050 Popp FFXT
6051 b504P XXMPI, J.P I SETEV ,

.. 6 P15P. OOPO TFf , /IVCH}.MF.VTS TS/h, mAKF T54.! I V TSO

A (A 5"1 4407 JMS I 00R7 /ANT) MA.<.S Y**T54 19 TSI

A05/4 5776 GFT I TS4

6055 1733 VADD I rJVO

60sol5 6776 FPUJT I TS4

,057 3777 TRMSW, )-,PY I TS-

6060 6777 FPtIT I TSP

6061 5744 FG F T I TSI

"060 3775 FMPY I Xx-
6063 6744 }.PUT I TSI
69064 0(A0 0 tEXT
6065 565P SFTOD, JV- P I TERM

6066 000 ARCT j, 0 /.P. ARCTANGFVT

A067 1045 TAD HORD
6070 7450 SVA

6071 5666 JMP I ARCT.'

6072 7510 SPA

6073 L633 JMS I AC.FGI,

6074 35'34 DCA FCOS

6075 10 A,4 TAD EXP
6076 75@0 SMA
6077 530P JMP •+3

6100 4665 JMS I SETOD /CASE I: AC < P. -
101 5396 JM'P READY

6102 711W CLL PAR

6103 7640 S7A CLA

6104 5316 JMP BIGG

6105 4651 JMS I XXMPI /CASE IT: 0.5 < FAC < P.O

,106 4665 dwS I SETOD

6 107 4407 JMS I 0007

. 6110 5372 FGET HAL.PI

6 111 4334 "DIV TWO

6 112 1771 IFADD I TS3

6 113 6771 I&PUT I TS3

6 114 0000 FEXT

6 115 51.p,6 JlvP READY
6116 4337 BI3G, dMS IVRT /CASE III: P.0 < FAC

6.117 4633 JMS I AC'JEGI

6 120 4665 JMS I SETOD

6121 4407 JYS I 0(A07

6 122 537P GET HALFPI

6 123 1771 I-ADD I TS3

S6 124 6771 FP'IT I TS3

6 195 0000 -EXT
6 1f, 1007 HYADY, TAD 0007

0612.7 4345 JYS SERIES

6 130 1P34 TAD G.COS

6 131 7650 SVA CLA

6 133. 4 ,1XS I AC\1E\;I

6 133 5ok66 l Oo ,:P I AHCT.

'" 13
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6134 POPP TO.'
6135 PPP P.o0--

', 61.36 0P¢0 0000 .

6137 P000 I JVRT, P ,/tAKFS RECIPRUC l., Oi- rC
A140 4665 JMS I SFTOD

6141 4407 JMS I 0007
614P 4775 .DIV I XX
6141 0000 F "X T
6 1'4/ 5737 TSI, .IMP I INVRT
6145 P0P0 SERIFS, 0 /FORMS POWER SFRIFS
A1'46 3257 DCA TRMS4 /FJTER WITH SWITCq SFTTIVJG TVJ AC
6147 32LP DCA SETF'V'. /(3777: TSar! IV TSP; 70O0: TS4)
. 150 4252 JMS TEhM /CUERLAY HFRE WITH 0 11- SFPIFS HAS

[ 6151 4252 JMS TERM /ALL TERYS INSTFAD OF ALTEPVATF
-- 615P 1665 TAD I SETOD /TERMS

6153 7650 SNA CLA /VON-ZERO SETODDe SIGN ALTFPJATFS
0 6154 5362 iMP .+6
6155 2242 ISZ SETEVN
6156 1242 TAD SETEV-

- 6 157 7P10 RAR
" 6160 7630 S7L CLA
• 6161 4633 JMS I ACNEGI

6162 4407 JMS I 0007
6 163 4777 FUIU I TS2

' 6 164 1771 FADD I TS3
6165 6771 }"PUT I TS3
6 166 OPPO FEXT
6 167 2050 IS QTUOL
6 170 535? ,iMP SERIES+3
6 171 5745 TS3, tJMP I SERIES

i 617P 00011 HALIPI, 0001 /0.5 * PI
I 6173 3110 3110

6174 3755 3755
6 175 5734 XX, X
6 176 5750 TS4, TR4
6177 5742 TS2, TRP

, *6200
6200 7153 DMJLT, MUL+P /MULTIPLY FAC BY OP
6201 4775 JMS I AMVTI /IS F'AC = P?
6202 5370 JMP EXITI /YES
6203 1265 TAD MULSW
6204 3272 DCA SNSW
6205 4261 JMS SIGN-
6206 1042 TAD ACIL
6207 3051 DCA LOCI
6210 1046 TAD LORD
6211 4657 JMS I MULT /ACIL * LORD
6212 72O00 CLA
6213 1052 TAD LOC2
6214 3047 DCA OVER2
62-15 1045 TAD HORD
62-16 4657 dMS I MULT /ACIL * HORD
6217 104a7 TAD OVERP
62290 3047 DCA OVER2

14
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.1.
, .

62P1 70?4 PAL

6 22 1059 TAD LOCP
6223 3053 DCA LOC3

6 24 7004 PAL
6 PPS 3015 DCA AUT I
6226 1041 TAD ACIH

6227 3051 DCA LOCI

62930 1046 TAD LORD
6231 4657 JMS I MILT /ACIH * LORD
6232 1047 TAD OVER2.
6233 3047 DCA OVERP2
6234 7P04 RAL
6235 1052 TAD LOC2

6936 1053 TAD LOC3

6237 3053 DCA LOC3

6240 7004 PAL

6241 1015 TAD AUTI
6242 3015 DCA AnITi
6243 1045 TAD HORD

6P44 4657 JMS I MTJLT /ACIH * HORD

6245 1053 TAD LOC3

6246 3046 DCA LORD
6947 7004 HAL
6250 1052 TAD LOC-

6251 1015 TAD A1T I
6252 3045 DCA HORD
6253 4660 JMS I DNORMI-
6 P54 2300 IS SREG
6255 5600 ACVEG2, JMP I DMULT
6256 5372 JMP 'ACVJEG
6257 6743 MfILT, DMPY
6 P60 6400 IVOPM1 p DJORM S 1-A D

6261 0000 SIG, V) /SET SIGNS Of F'AC AND OP

626. 7144 CLL CMA PAL

6263 3300 DCA S'}HEG

6264 1045 TAD HORD
62 65 7700. MIJLSW, SMA CLA

6266 5271 JMP .*3

6267 6655 JMS I ACVEG. /MAKF FAC POSITIVE

6270 2300 15. S'JhEG
6271 1041 TAD ACIH

6272 V1000 SVSW, 0 /MAKF OP POSITIVE F"OR MULTIPLY

6273 5661 JVP I SIGNI /MAKF OP VFGATIVE FOR DIVIDF

, (,274 4701 JMS I JEGOP
S6 275 P 30(A I(SA. SVJREG

6276 5661 JMP I SIGN-
6277 5661 JMP I SIGJ
6300 MAP SNJREG, 0
6301 7060 'JEGCOP, 'VEG
6302 1051 DIV, TAD LOCI /OPCUDE 4
6303 7657 SJA CLA
6304 7409 HLT /UP IS '.FhO

6305 1P4. TAD EXI

63,6 7041 CMA IAC

6307 3040 DCA EXI

6310 47711 1 S I lIVFLWI /TIV JEFLOW?

15
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6111 /'775 JMS I AM'JT1 /IS IAc V ?
" 1-4 1 .370 ,JMP EXITI /YFS, 'Jhl)-FILO' OR .EhiO AC

.: -311 1376 TAD DI VS',
6314 IP79 UCA S V Sd
6315 4P61 JMS SIG\)

6316 73P CLA CLL
6317 3P59 DCA LOC2

63P90 305(A DCA QUOL
- 63 1 1377 TAD C.%JP3
63P. 3053 DCA LOC3
63P3 104P DVX, TAD ACIL /SrIJRTRACT DIVISOR FROV DIVIPF\JD
: 934/ 1046 TAD LORD

. 63P5 3051 DCA LOCI
6 6326 7004 FiAL
6327 1041 TAD ACIH
6330 1045 TAD HORD
6331 74P0 SNJL /WAS DIVIDEJD LARGER THA\, DIVISOR?

., 33P 53,6 JMP +4
6333 3P45 DCA HORD /YES; DITFERENCE IS NEW DIVIDEVD

;: 6334 1051 TAD LOCI
.; 6335 3046 DCA LORD
*' 6336 7Pel CLA

6337 10p. TAD G!IOL /ROTATE (LOCPOTIOL) LEFT OVF
.6340 7004 RAL
6341 3950 DCA PIJOL
6 634P 1059 TAD LOC2

! 6343 7(4 RAL
6344 305P DCA LOC_
6345 1046 TAD LORD iSHIFT DIVIDJD LEFT O\3
6346 7004 HAL
A 6347 3046 DCA LORD

, 6350 1045 TAD HORD
: 6351 70 4 RAL
6 35. 3045 CA 4,ORD
6353 9P53 IS' LOC3

" 6354 53P3 JMP DVX
* 6355 1042 TAD ACIL /SET TIP RO'I'JDOH

6356 1046 TAD LORD
6357 7P04l CLA RAL
6360 10I41 TAD ACIq
6361 IP45 TAD HORD

6369 7210 CLA RAF.
6363 3047 DCA OVER-
6 364 1050 TAD ObOL
6365 3046 DCA LORD
6366 1052 TAD LOC'
6367 3.45 DCA qORD
6370 4660 EXITI' JMS I D'JORM

6371 2300 IS SNRFG
637P. 4655 1"ACVF J, JS I ACEG2
6373 5600 JMP I DXULT
6374 6511 tfJJLW, I U V LLW
6315 6655 AYJT I AMOTI.TJT
6376 771? DI VSWI SPA CLA

6377 7751 C'j 77-51

16
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04M1 46SI .')vS I .JTP/

6/f40P 5945 J .p EXITI /YES

6403 I.d46 TAD LOHD /IS .AC APPA~r'T . ?

6404 7640 S.A CLA
6405 52.16 JiP OK.

640f, 1045 TAD HORD
6407 7S1P SPA

641 A 7041 CMA IAC
6 411 77PV- S' ,:A CL A

641P 591 0:1 p OK

6413 7360 CLA CLL CtvA CML
6414 3653 DCA I Ai""TP
6415 4654 J.Y1S I iPSlVTI /YES; SHIFT VAC HTGHT OVJE
(416 3040 O, DCA EXI

6417 3(Al DCA ACIH
642P 1045 TAD HIORD

6 411 7700 SMA CLA
6/19 59')5 JX P .*3
6/19P3 9P]"1 1 1 S7. .nOI -

6494 "65P JyS I AC'jEGi /YA.,<F AC POS5T1r
6#4PS I"A/,5 TA -4 OP 1)

64qf% 7004 A
6427 7710 SPa CLA /5 '1T O96J \JOJ-?F;O?

6430 5P34 J.P .+4' /YES; DU.F

6/131 4PS5 J'. S LS-rT /\JO; S-4TIT vAC I.FT O\F'"

S643P P04P0 Is' E!FY
6433 5PP 5 -.W P -
6414 107 TATD OVE P

6435 71O1' CLL PAL

6 430 7PO4 CLA PAL

6437 4P73 JXS IVD(' F /RO!I\jrO-
6440 1040 TAD EXI

6441 7040 CMA

6449 3'l/JO DCA F1X

64/43 4111 JXS I1J LW'%

6444 5 PA 7 imp .+3 /JO tJ\JDF.FLOS644/5 3044 EXITTO, DCA E)(P
6446a 5600O imp I D\JORiv

6447 10/ji TAD ACI N

6 b 1 45P JS IACVFGI
6452 5600 AC'JEG3, JIP I DVJORM

6 453 6655 AYTP. AMOIJNT
O. 454 667( RSHkTI, RSHFT

6.455 0000 LSH'-T, , (O'JR WORD LFFT SHIFT
6456 1047 TAD OVF.I-
6 1557 7104 CLL PAL

6 460 30L17 DCA OVERP

6461 1046 TAD LORI)
6 46P 70174 RAL
6463 3'?46 DCA LORD

64A4 1045 TAD HOED

6465 7001 HAL

17
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A ~ l.A 104S DCA A -. -

- A,.AA "04') I.'CA HORDL;.

A,/1%7 1 P73 TAD WJI)OI.""
, ,47P 7M04 HAL

A47 1 3P73 DCA RMDOI.
6472 56919 JMP I LSHFT

. (47.3 0000 RV DOI. F ( /ADD C(AC) TO POSITIVF VAC
4. 47 7100 CLL

6475 1046 TAD LORD

: 6476 3046 DCA LORD
6477 7004 HAL
6500 1045 TAD HORD /IF F'C BIT 9 IS SFT, S-tT "

0.2 A5"1 750P SMA /HORDi WORD RIG-IT O9F
'* 65P. 5306 jyp *+4

6 503 9044 IS7. EXP

-: 6504 7000 V .JOP
6 505 7010 RAH

6506 3045 DC A HORD
650A7 3047 DCA OVERP
6510 5673 JMP I R'VDOFFI'

. 6 511 0000 !J d'sL 0 /EXPOJE\JT I.l'DELOW CHECK"

S651P 1044 TAD EXP
6513 7710 SPA CLA

6514 10410 TAD,EXI

6515 7710 SPA CLA

S6516 7040 CMA
- 6517 333" DCA ADDOP

6 5?0 1040 TAD EXI
6P.1 1044 TAD EXP

6 52P 7001 IAC

6523 7500 SA /IS STIM POSITV?
65P4 P334 1S7 AI)DOP 114ERE FXP AND FYI ROTH VFCATTIUV'?

6525 5332 jxP .+5 /qO

65?6 7300 CLA CLL /YES, J\IDFPFLOW'; SFT FAC = 0
f597 3045 DCA HORD

6530 3046 DCA LORD

6531 P311 ISZ UN) FLW /IV'CREMEVT POI\VTFR
6532 3044 DCA EXP
6533 5711 JMP I !P'FLW "-
6 534 0000 ADD0F,- 0 /ADD OP TO (PNIDO'F,FAC)
A535 7300 CLA CLL

6536 1047 TAD OVERP
6537 1043 TAD OVERI

6540 3047 DCA OVFR?,
6541 7 0 0 4 HAL
654P 1046 TAD LORD

6543 1042 TA) ACIL
6544 3016 DCA LORD

. 6545 7004 HAL
" 6546 1A45 TAD HORD

6547 1041 TAD ACIH

6550 3045 DCA HORD

6551 7004 HAL
6552 1.73 TAD R',DOi F

6553 3273 DCA RFJDOFF
6554 5731 JMP I ADDOP

18
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0;555 POOP XIP& 0 /'ADD) C(ACJF;) TO U'* P .
6556 1047 TAD OVEHP /OVFMrLOW IS I FJD)OHF
A,557 3043 DCA OVERI
A 560 1046 TAD LORD

6561 3042 DCA ACIL
6562 1045 TAD HORD
6563 3041 DCA ACIH
6564 3P73 DCA R"-DOF
6565 4255 JMS LSHFT
6566 4P55 JMS LSHFT
6567 4334 JMS ADDOP
6570 4955 JYS LSHFT
6571 1652 TAD I ACVEG3
6572 3043 DCA OVERI
6573 3042 DCA ACIL

*6574 3041 DCA ACIH
6575 4334 JMS ADDOP
6576 1P73 TAD RADO.F
6577 5755 JMP I X1o /EXIT WTT-i C(RVDOFF) IV AC

6600 (OOC DADD, 0 /ADD OP TO 'AC
6601 3050 DCA QUOL
66P 4P55 Jt.S AMOIJVT /IS FAC = 0?

* 6603 5P30 JMP GETOP /YES: GET OP
6604 1051 TAD LOCI
6605 765( SVJA CLA /IS OP = o?
6606 5600 JMP I DADD /YES; DOJ1
6607 1040 TAD EXI /ARF EXPO\IF'JTS F(.'I'L?
661P 7e41 CLMA IAC
6611 141i TAD EXP
6612 7Z150 Sq

i;16613 5P45 JMP Of- i SET /YES

6614 3P70 DCA RSHFT /NO; CANJ OP AND VAC BE ALIG-ED?
6615 127P TAD HSHFT
6616 7500 SMA
6617 79,41 CVA IAC
6620 3PS55 PCA AMOUNT
6621 1255 TAD AMOIJNT
6622 1327 TAD C24
6623 77PP SMA CLA
66P24 5241 JMP ALIGN /YFS
66P5 1970 TAD RSHFT /VO; WHICH IS LAPGFR?
66P6 7700 SMA CLA
6627 5236 iMP GETOP+6 /FAC
6630 1040 GETOP, TAD EXI /OP; GET OP
6631 3044 DCA EXP
6632 1041 TAD ACIH
6633 3045 DCA HORD
6634 1042 TAD ACIL
6635 3046 DCA LORD
6636 7Ca0 CMA
6637 305 , DCA QTJOL /Il. FAC (A OR IF NJO ALIGVMEN)T
6640 5600 JMP I DADD /POSS19LE, SFT QOIOL = 7777
6641 1270 ALIGN# TAD RSHFT
6 642 7 P,0 4 RAL

19
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A 643 7P20 CLA
; 644 /4P70 JMS RSHFT
6645 734P ODD'SET, CLA CLL CMA /SHIPT FAC AND OP RIGHT OJF

6646 3P55 DCA AMOUNT -
6647 427 JMS RSHFT
6650 7360 CLA CLL CMA CML
6651 3?55 DCA AM Of1JT
665P a70 JMS RSHFT
6653 4712 JMS I ADDJP
6654 5600 JMP I DADD
6655 0000 AM OUNT, 0 /TEST IF FAC = P
6656 1045 TAD HORD
6657 7640 SZA CLA lIF YES# EXIT NORMALLY
660 5266 JMP .+

6661 1046 TAD LORD
6662 7640 SzA CLA
6663 5266 JMP .+3
6664 1047 TAD OVER2
6665 7640 SZA CLA
6666 P55 ISZ AMOUNT /IF NO, EXIT TO SECOND INSTRUJCTIOV
6667 5655 JMP I AMOUNT
*! 6670 00,00 RSHFT, 0 /THREE WORD RIGHT SHIFT

6671 7420 SVL /IF LINK = 1 SHIFT FAC
* 6672 1331 TAD TAG9 /IF LINK = Op SHIFT OP

6673 1330 TAD TAGI
6674 3051 DCA LOCI
6675 1255 TAD AMOUNT /NEGATIVE OF AMOUNT OF SHIFT
6676 7 041 CMA IAC
6677 1451 TAD I LOCI
6700 3451 DCA I LOCI /EXPOVEAJT SHIFTED
67P1 2051 ISZ LOCI /SET TIP MANTISSA ADDRFSSES
6702 1051 TAD LOCI
6703 7001 IAC
6704 3052 DCA LOC2
6705 1052 TAD LOC2
6706 7001 IAC

-' 6707 3053 DCA LOC3
6710 7100 SHIFT* CLL
6711 1451 TAD I LOCI
6712 7510 SPA
6713 7020 CML
6714 70 !0 RAR
6715 3451 DCA I LOCI
6716 1452 TAD I LOC2
6717 7010 RAR
6720 3452 DCA I LOC.
6721 1453 TAD I LOC3
6722 7010 RAN
6723 3453 DCA I LOC3
67P4 2255 ISZ AMONT .

% 6725 5310 JMP SHIFT
6726 5670 JLMP I RSHFT-
67P7 P030 C24, 00 .3 0
6730 0044 TAG1, EXP
6731 7774 TAGP. EXI-EXP
6732 65318 ADLI'Ps ADDOP

20
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6733 7117 TABLE I SBH-I /OPCODF A)DD1'SS T&RLF
* 6714 7143 ADD-I

6735 714P SUB- I
6736 7150 MIJL-I

* 6737 3(A0I DIV--

6740 7077 GET- I
6741 7106 PUT- I
6742 7144 NRM-.

6743 000 DMPYv 0 /MULTIPLY AC BY LOCI
67L44 3050 DCA Q'9OL
6745 3052 DCA LOCP
674A 1371 TAD CNJI2
6747 3255 DCA AMOUNT

Ni 6750 7 I00 CLL
. 6751 105V TAD OJOL

675? 7010 RAR

6753 3050 DCA OTJOL
6754 1052 TAD LOC2
6755 7420 S"L
6756 5361 JMP .+3
6757 71PO CLL
6760 1051 TAD LOCI

6761 7010 BAR
6769 305P DCA LOC2

, 6763 2255 ISZ AM]OUNT
6764 5351 JMP DMPY+A
6765 1050 TAD QIJOL /FXIT .4ITH LESS SIGNIFICANJT
6766 7010 RAR /TWELVE BITS INJ AC AND MORF
6767 7100 CLL /SIGVIIFICAVJT BITS IV LOCP-
6770 574.3 JMP I DMPY
6771 7764 CV I P, 7764
6772 0000 SQAHE, 0 /1.P. SQUARE
6773 4407 JMS 1 0007
6774 6770 FP1UT I CNJ12-1
6775 3770 IMPY I CvI1-I
6776 V000 FEXT

6777 5772 JtJP I SQAHE

7000 0000 IP.JT, 0 /F-P. IVTERPRFTER

70P1 7600 7600
7002 3043 DCA OVERI
7 003 3047 DCA OVEH.
7004 3051 DCA LOCI
7005 1600 TAD I FPNT /GET ADDRESS REFEREJCED

* 7006 0212 AND .+4

7(107 7650 S'JA CLA /PAGE 0?
, 7010 5P13 JMP .+3 /YFS

7011 2I 1 TAD i'PV T+I'
7 M12 02PP0 AND PVT
7 013 3260 DCA ']EG /BITS 0,--4 GIVE PAGE ID
7014 1P1 TAD FP'JT+1
7015 70-40 CMA
7016 ?,Pe ANJD I FPVT
7 P17 1260 TPD 'JFG
7 OPP 3260 DCA 'EG /ADDH ESS
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7 PP1 1P55 TAD M I
7 0600 AND I FPVT
7 021 7650 S'iO CLA /I ND1IHFCT ?
7 PP4 5PP7 .~ .. +3 /'Jo
7 0P5 16AO TAD I VJEG /YFS; GFT DIIFCT APTPFS"
7P06 3P60 DCA AEG
7 P7 1260 TAD .JEG /OVE b.P. YORD FsPO ' ADDRESS TO OP
7030 3015 DCA AUTI /AJb TFST I OF = 0
7031 1f-60 TAD I VJEG
7 03P 3 P( DCA EXI
7 033 1415 TAD I AUTI
7 P34 74/40 S.A
7 035 2051 IS'. LOCI /IF OP = 0, LOCI = 0

S7 036 3041 DCA ACIH
7 037 I'15 TAD I AUTI
7 040 7 440 S7A
7 041 P051 ISZ LOCI
7 04P 304P DCA ACIL
7 043 1600 TAD I FP.JT /GET OPCOPE
:7 0:.44 007 A\JD 0007
7V45 7106 CLL RTL
7 046 7006 RTL
7047 IP56 TAD TABLI /GET EN]TPRY FROM TABLE
7050 3015 DCA A!IT 1
7V51 1415 TAD I A U'r I
7 052 3015 DCA A'IMr
7 051 20P0 ISZ PNT
7 054 5415 JMP I AUTI /GO TEPR"
7055 0400 MI, 0400
7 056 6732 TABLI, TABLEI-1
7 7057 5774 TABL2, TABLE2+13 /TABLEP - MNS.R - P
7 060 0000 .EG, 0 /NJEGATE OP
7061 7300 CLA CLL
706. 1043 TAD OVER1
7 63 7041 CMA JAC
7064 3043 DCA OVERI
7065 1042 TAD ACIL
7066 7040 CMA
79,67 7439 S7L
7 07P 7101 CLL JAC
7071 3P/j9 DCA ACIL
7 072 1041 TAD ACIH
7 7,73 7040 CLYA
7074 743. S?.L
7075 7101 CLL- JAC
7: 7076( 31041 DCA ACIN
7 077 5660 JMP I AEG
7 1 0 1040 GET, TAD EXI /OPCOD. 5
7 IN 3044 DCA FKP
7 102 1041 TAD ACIH

7 13 3045 DCA HORD
7 104 1C42 TAD ACIL
7 105 3046 JCA LORD
7 106 5201 ,J-XP FPJT+I
7 107 1044 PIT, TAD FXP /OPCOI,F 6

" 711P 3660 DCA I "FG
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7 11 1 1 ,f- TAP ) F(E;

711P 3015 DC A AFITI
7 113 1045 TA 1 HOR1)

7 114 3415 DCA I A'IT1

7 115 1046 TAD LOD
7 116 3415 DCA I AITI

7 117 5P2 1 JP FPVT+ 1
7 12P 1260 SRH, TAD NE G /OPCODE 0
7 121 7450 SNA /Fg I1?
7 1 2 5A( J MP I FP.J T /YES
7 12.3 132L TAD MJSRIR /NO: C-4FCK CODE
71P4 7S40 SMA SZA
7 125 74P P HLT /i11rFDF 'JFD S'IIFROtlTI' "

71P2 1257 TAD TABLP /GFT FVTPY FROm TALE''
71P7 IP 15 DCA AWITI

7 13? 1l15 TAD I AUTI
7 131 3015 DCA ATITI

7 13P 1200 TAD FPJT /S4VE POI'JTFP; STJRROfIT1'JFS
7133 3341 DCA SAV1 /CAJ riSE F-P. TO DEPTH OE "
7134 4415 JMS I AUTI /JMS TO STIJROrJTNEF

7135 7PO0 CLA
7136 1341 TAD SAVI /PESFT POIVTFR
7 137 3200 DCA FPVT

7 140 5201 JMP FPNT+I

7 141 oopo SAV, 0

7 142 7763 MNSBP, 7763 /JFGATIVF OF *\JO. O. SfJRROTTIIVES
7 143 4P60 SIJ, ,JIS V EG /OPCODF 2
7 144 47117 ADD, JMS I FLAD /OPCODE I

7 145 47.)0 NR:M., JMS I D.ORMP /OPCODE 7
7146 5201 JMP FP'JT+I

7 147 6600 FLAD, DADD
7 150 6400 D JORMP, D\O1:M -P
7 151 4754 MIL, JMS I UFLW. /OPCODF 3
7 152 4755 JMS I MPLY
7 153 5201 JMP PPVT+"
7 154 6511 INV'LW.P, IJ4FLW
7 155 6200 MPLY, DXILT

7 156 0P(( SOROT, 0 /F.P. SQUARE ROOT
7157 1341 TAD SAVI /SHIFT POI"JTER TO USE LOG
7160 3372 DCA TYPOUT /'AVD EKP SIJRROIITI.VES HERE

7161 4(47 JMS I 0007
7 16P 0007 LOG

7163 1 4771 FDIV I DOS
7 164 0006 EXPT
7 165 0000 FEXT
7 166 1372 -TAD TYPOUT
7 167 3341 DCA SAVI
7 17V 5756 JMP I SQROT
7 171 6114 DOS, TW4O
7 172 0000 TYPOUT, 0
7 173 6046 TLS

7 174 6041 TSF
7 175 5374 i-MP .- I
7 17 0 7300 CLA CLL
7 177 5772- JMP I TYPOJT
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7900 0000A OWUT PUT 0 /OITPIJT 1 AC
7201 3047 DCA OVFHP / ORYAT SPFC. qAS RFFEFI STORFD TVJ

7POP 3370 DCA HF.ADIJ /,DFC (NJO. 0- DIGITS TO HIG-IT O.
7PPI I045 TAD HOH-D /DEC. PT) A'JD 'JPDIG (TOTAL JO. OF'

: 7204 770FJ SMA CLA /DIGITS) PRIOR TO F9THY
* 7205 52IP JMP .+3

- P 706 4753 JMS I ACJEG"" /AKE FAC POSITVF

7207 1333 TAD CMINUS
7.10 1334 TAD CPLIJS

7P1 3743 DCA I BUFADD /SIGJ (MIPJS OF SPACE) IJTO RIFFFR
72IP 4736 JMS I AMJT3 /IS IAC = 0?

" 7213 5P4, iMP F-. /YES
7214 1044 RANGE, TAD EXP /NO. MAKE FAC I JTO FAC'*(10**M,

7215 7450 SN A /WFERE 0.1 < FAC' < 1.0
7216 5235 JMP ROITJD
7 217 7700 SMA CLA

7220 5P30 JMP REDIUCE

7221 4407 JMS I 0007 /MULTIPLY FAC BY IV

7222 3637 FMPY I TEII"

7 2P3 0000 FEXT
7224 7P40 CLA CMA
7925 1370 TAD READIVJ
7 26 3370 DCA READIV /DECREME\'T COT'IJTFP

7227 5214 JMP RANGE
7230 4651 REDUCE, JMS I DVTEVII /DIVIDE FAC RY 10
7231 2370 ISZ READI'J /IVCPEME'T COUNTER
7 P3P 1044 TAD EXP
7233 7740 SMA S7A CLA /15 FAC' IN RANGF?
7234 5P30 JMP RED1ICE /VO COJTIVPUE
7-35 4754 ROU\JD, JMS I R'JDOT /YES. RO'1'JDOFF OTITPITT

- 7P36 5P43 imP . 5
S7237 7500 TEJI # TEN"

7 240 7040 F0.', C XA /SET VALuJES FOR FAC = 0-

7241 3044 DCA EXP
7 24P 2370 ISZ READI.
7243 1343 TAD BUFADD

7244 3V15 DCA AUTI

S7245 4755 JM5 I DECML
7 246 1343 TAD BUFADD
7247 3015 DCA AUT!"

7P50 1370 TAD RFADI'
7251 7510 DVTE,\JI SPA
7 5P 7PO0 CLA
7253 1054 TAD VDEC
7 P54 7041 CMA IAC
7 P55 I155 TAD VDIG
7 P56 7510 SPA
7257 5391 JMP PRMERR /DATA WILL 'JOT FI-T FORWvAT
7P60 7450 S'JA
7261 5970 JMP . 7
7062 7041 CMA IAC /OUTPUT LEADINJG SPACES
7263 3053 DCA LOC3

7264 1335 TAD CSPCE

7265 4337 dMS O'ITT
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7266 2053 ISZ? LOC3
7 P67 5PA-, JMP .- 3
7 P70 1743 TAD I BIJi.ADD /OUTPIIT SI GN
7271 4463 JMS I TYPE
7 27P 1370 TAD READI N
7273 7510 SPA
7274 531P JMP NEGEXP
79.75 7450 SNA /FOR FAC > 0.1: O'JTP'lT DIGITS

7276 5305 JMP e,+7 .- ,

7 P77 7941 CMA IAC
7 300 3044 DCA EXP
7 301 4360P JMS GETT
7 309 4337 JMS OUTT
7 303 2044 IS7 EXP
7304 5301 JMP 0-3

7305 1356 TAD CPER /DECIMAL POINT

7306 4463 JMS I TYPE 7".
7 307 4360 JMS GETT

7310 4337 JMS OUTT

7311 53017 JMP .- 2
7312 3044 NEGEXP, DCA EXP /FOR FAC < 0-.1: OUTPUT DIGITS

7313 1356 TAD CPER

7 314 4463 JMS I TYPE

7315 4337 JMS OTJTT /OUTPUT ZEROES RIG4T OF DEC. PT.

7 316 9044 IS7 EXP
7 317 5315 JV.P .- 2
7 320 5307 IMP NEGEXF-3-
7 321 1054 FRMERR, TAD NDEC

7322 7700 SMA CLA /CAV LE T-SqIFTED FORMAT FIT?

7323 5327 IMP ,+4 /YES
7 324 7144 CLL CMA RAL /NlO; OflTPUJT DECIMAL POINTS

7325 4337 JiMS OUTT

7326 5324 IMP .-.

7327 7240 CLA CMA /SHIFT FORMAT ONE SPACE LEFT

7330 1054 TAD N DEC
7 331 3054 DCA NDEC

7332 5250 IMP DVTENI-I

7333 0015 CMINUS, 0255-OP40
7 334 P40 CPLUS, 0240
7 335 7760 CSPCE, 0240-0260

7 336 6655 Ai'VT3 AMOUNT

7 337 0000 OUTT, 0 /OUTPUT DIGIT TV AC

7340 1357 TAD CZERO

7 341 4463 iMS I TYPE

7 342 2051 ISZ LOCI /IS FORMAT FILLED?

7343 5737 BUFADD, IMP I OUTT

7344 P053 ISZ LOC3 /YES; 'AS FAC = 0?

7345 5350 IMP '+3 1'JO

7346 1357 TAD CZERO /YES; OfITPUT A IFRO

7347 4463 JMS I TYPE

7 350 1061 TAD SWITI /IS CR-LF WANTED?

7351 7640 SZA CLA

735P 4464 JMS I CHLF /YES

7 353 5600 ACNEG4, JMP I OUTPVT

7 354 5512 RNDOTo RNDOUT
7 355 7533 DECML, DECMAL
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: 7356 0256 CPEo, 0256
7 357 60 CERO, P60
7 360 0000 GETTo 01 /GET DIGIT FRO " RII.FR

7361 P052 ISZ LOC2
7 36P 5366 JMP .*4 /GETS FIRST 6 DIGITS FROM RU!FFFR
7363 7P40 CLA CMA /GIVES 0 FOR ALL FIJRTHFR DIGITS

. 7364 3052 DCA LOC2 /REQUESTED
7365 5760 JfMP I GETT
7 366 1415 TAD I AJTI
7 '467 5760 JIMP I GETT
7 370 0000 READI'JD 0
7 371 6031 KSF
7 37? 5371 iMP -I

7 373 6036 .KRB
7374 6046 TLS
7.375 6041 TSK
7376 5375 iMP .- I

7 377 5770 ,JMP I READIN'

*7400('
7400 0000 INPVTv 0 /IVPIJT TO FAC
7401 7P40 CLA CMA
740P 3052 DCA LOCP /PERIOD SWITCH SET TO 7777
7403 12714 TAD C35
7 404 3.044 DCA FXP
74105 3045 DCA HORD

7406 3046 DCA LORD
7 407 30/57 DCA OVER2

7410. 7040 CMA
* 7411 3053 DCA LOC3 /SIGV S4ITCq SET TO 7777
" 741P 3019 DCA AUTII

" 7413 4315 JMS I'j /GET CHARACTER
7414 1051 TAD LOCI
7 415 1275 TAD MSPCE
7416 7450 S A
7417 5213 iMP .-A /IG'JORF LEADING SPACES
7420 1P76 TAD MPLIJS
7 421 7450 SNIA
7422 5227 JMP DATA /PLIJS SIGVJ; DIGIT 'JE-T
7423 1277 TAD MM.INrS
7424 7640 SZA CLA /MIJIJS SIGN?
7425 5930 JMP DATA+I /v}

7426 3053 DCA LOC3 /YES; SET SIGNJ SWITC4 TO 0
7427 4315 DATA. IMS I N /GET CHARACTER
7430 1051 TAD LOCI
7431 1303 TAD M27P
7 432 7500 SMA -
7433 5247 JMP 'ODIG /'JOT A DIGIT
7434 1304 TAD CIO
7435 7510 SPA
7436 5247 IMP JODIG /JOT A DIGIT
7437 3665 DCA I AC.JEG5 /DIGIT
7440 P015 IS7Z A'ITI
7441 4775 JMS I MIILIP /COTI'J'F COJVFPSIOJ TO PT'APY
744P 1045 TAD HORD"
7443 PP47 AVD VJODIG

26
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44 7 #4'A 57. A C4 I-A

7445 7 4 O P-ILT /TOO M4Y T.TGI TS T 'JP"T: \J1vnriR
7446 5PP7 diP DATA /MIIST *E' LFSS T4AV O ,147,",.IPjb
7447 7 6P" VOI)I G, 7 600
7 450 151 TAD LOCI

7 451 1 IVS TAD IMER '
7459 7 4C' S'A CLA /DECIMAL POINT?
7453 P57 JmP FIJ /NO: TEFMTJATE
745/3 3015 DCA AITI /YFS; HFSET COIr.TF."

7 455 305P DCA LOCP /RESFT F'FPOP SWTTCq TO P
745A 59P7 ,PMP DATA /DEC. PT. IS NOT A TFP!I'JATOR
74S7 473P i.IJ Jv.S I D'ORYI
7 46(0 PV53 IS LOCI GIVF )o"&C PF.OPEP SIG'

7461 4665 JMS I AC'JEG,
7462 20(A5P ISZ LOC? /-iAS DEC. PT. PF.'"J I\JP'IT?
7463 115 TAD AlI /'YES
7464 7450 Sl A /VO; IT FOLLO:S LAST DIGIT
7465 56P0 AC\JEGSP JMP I I'PVT /DO\JE
7466 7041 CIA /DIGITS TO RIGHT OF DEC. PT.
7467 3.315 DCA IV /DIVIDF RY 10 APPPOPRIATF
7470 431(A J.cS DIVTEM /\'IJMREP OF TImFS
7471 2315 ISz IN-
717. 5P70 , P . --2.

S 7 473 5A'(0 JtP I IVPVT

7 474 0043 C35, 0(P4
7475 7540 f-SPCE, - ""
7476 776.5 Y, PLUS, # 4-253
7 477 7776 MM I \Jr IS, .53-P55
7 500 0004 TE.q# SCA04
7 501 PIP00 P40"
7 502 0 P, (A S
7503 7506 M279,D -P72
7 5/i 08012 C]O, P7P-P.6(A
7 505 752 !-PEP, -256
7 5(6 7401 MREO-IT, -377
7 5(A7 0162 MCR. 377-215
7 510 0000 DIVTEJ,, 0 /DIVIDE FAC BY 10

.0 7511 4407 JM5 I 0007 /DO NOT RFLOCATE
7512. a3!7 FDIV TFV"-
7 513 9000 .EXT
7514 571V JW.P I DIVTE'J-
7!15 000 I, VJ /PFAI! A CqaRACTFP

7516 14A JMS I R.FD
7 517 3051 DCA LOCI
7 5PV 1051 TAD LOCI
7 521 13V0 TAD MRROITT
7 5PP 745x S\VA 'Rf I1OfIT ?
75P3 5PI JMF IVPVT+I /YES; HESTAPT IVPYIT
7 524 13P7 TAD MCR
7 525 7640 SA CL4 /CARRIAGE RFTIR'J?
7596 5715 J AP I I' /O"
7527 1771 TAD I C21PP IYES; O'ITPrIT LI'JF- FFD"
753.0 4463 J.S I TYPE /THIS ALSO WILL TFRMIaTF IPIT
7531 5715 ,JyP I I V
7 532 (7*O IJVCRM, I)ORM
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7 533 OCA DECY- L, .
7534 1PlJaa TAD E.P /S-IIT SO F.P = C AVJI, DC. PT. IS
7535 7440 Sl A /AT LF: T (P "IT P:
7536 5341 JMP .+3

', 7537 477P JMS I LS4F
$ 7540 5346 JMP +6

7541 7 (A (AI IAC
7 542 3773 DCA I AM'VT4

7543 71P CLL CML
7 544 9044 IS 7. EXP
7 ')L'5 4774 JS I HSqF'TP

' 7546 3665 DCA I ACVEG5

7 547 1376 TAD VJ6 /SFT COrJqTER"
7550 3044 DCA FXP
7 551 4775 )JMS I M' JLI /CALCtILATF FIRST DIGIT
755P 744 STA /IS IT P?

-' 7553 5360 JMP .+5 /Nj0
:. 7 554 7940 CLA CMA /YES; IGVORE T4IS AVD ADJITST

7555 1462 TAD I READ /TO CALCULATE 6 MORE DIGITS
7 556 346? DCA I READ

1 7 557 4775 JMS I MULIP /CALCULATE VJFT DIGIT

7560 3415 DCA I AfITI /STORE DIGIT IN Bf*vF:R

7561 2044 I SE EXP
.- 7 56. 5357 JMP .- 3

S7 563 1055 TAD NDIG /DIGITS CALCVLATFD; SrT COT.TFPS
' 7564 7041 CMA IAC

7565 3051 DCA LOCI
7 566 1377 TAD NJ7

7567 3175. DCA LOC.
7 570 3053 DCA LOC3
7 571 5733 CPIPPP JMP I DECMAL

7 572 6455 LSH I., LSH"T

7 573 6655 A K'VT4 AMOI.%JT
7 574 6670 RSH i"T2, RSHFT

7 575 6555 MULI0, XIo

7 576 7772 N6v -6
7 577 7771 V-7 -7

4''

4."
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ACNEG 5 A 0 A .fjuRM ,4v .SPCF 7475 S EHS'd 5664
A CNEG 1 6033 D.)OHY 1 62Ao tvUL 7151 SETEV 5641
A CNEG 6P55 D NORMP 7150 M ULS4 6P65 S ETEV' 6(AiP
A CNEG3 645P D NORM 3 7535 M f1LT 6f57 S ETOD 6 (A 4(

A CNEG4 7351 DOS 7171 .U]L 7575S S ETODD 565.
A C\JE,35 7465 ) VTE41 7P51 .. 7055 S HIIT %.,7 1"
ACIH 0041 D VTE. 2 5515 tP7P 79t SI(3V 661 -
ACIL OPIZ2 DVX 63P3 v, 6 559(2 Slf FEG ,3( V '
ADD 7144 EXIT0 6d445 IVBRHI (P57 S S: 6.7p
A DDOP 6534 EXITI 637 0 NBRLO (('6(A SQAr4 677 P
A DDIP 073P FXP 0 .A4L NBRX @056 SQi-.OT 71 5f,
A LIG\J 6641 F X I (A v-4 N LFC (054 S JF 7 141
A M'VT1 6375 FAC'EG 617 NDIG OP55 SdITl I Mo:."
AM.SJTP 6451 Cos 6031 7QI60 TABLE1 6713
A M'JT3 7336 O EXP 59621 N EGEXF 731P T .-LFP 970'1
AM'jT4 7573 I.J 7457 .V EGOF 6301 TABLI 71'96 .
A IfNT5 557f. F IXX 5553 N ODIG 7447 T ARLP 7M57
A MOIJ'T 6655 "LAD 7147 M 7145 TAGI 671'4 .
ARCTNJ 60606 1LOG 5675 7570, TAG9 6731
A UTI op,15 LOWT 5753 N"7 7577 T EN 75001.
B IG, 611 A 1 PNT 7 PO1 0 FFSET 6045 T EJI 7P37
B'JiADD 7141 RMER 71P2 OK 6416 TEhM k' Lo
C MI'YFJS 7333 I 1 600 OVE 5666 T Fk'# 6" '
CNIp 6771 v 7P40 CUTPVT 79NA Tibl 5717
C"?3 6377 GET 7 1 NA 0 UTT 7137 THP 974P
C PER 735A G ETCP 661 0 UT 5546 T hl S749
C PLUJS 7334 G ETT 7360 0 VER! 0'43 T H4 5751 S(A
C RL 00A'4 HALPI 617? OVE? 0747 TSI 6144
C RLIHT 5794 HORD 01'45 PUT 711'7 TSP 6177
CSPCE 7335 I N 7515 C JOL POV5 TS 1 6171
CZERC' 7357 INPVT 7400 RANGE 7214 TS4 6176
C I1 75A4 I NVRT 6117 R FAD 1'f2p T 'O 6 134
CP1p 5733 I NVRTI 5665 F EADI.J 737@ TYPE p'1-63
C2IPP 7571 LOCI OP51 READY 6126 T YPOTJT 717,
C215 573> LOC? pos? REDUCE 7P3UA tj E 5 1
CP4 6797 LOC3 0153 RNDOFF 6473 11 i'EL 6 11
C 39 7474 LOGGP 5670 E VDOT 7354 U V FLW1 6374
DADD 6600' L ORD 00'46 FNDOlJT 551P U %J FLWI 7 19b
DATA 7427 LSH" 7572 R OUND 7235 U V0 6131
D ECMAL 7533 L SHFT 6455 k SH.T 6670 X 57"4
L ECML 7355 M CR 7507 NSH T1 6 4S XMPI 56,.
DEUX 567. M MINUS 7477 h SHFTP 7574 XX f'175
D IV ,' Vf NSBR 7 I/P F SqFT1 5577 X XMPI 6051
DIVSW 6376 MPER 7505 SAVI 7141 xxx
D IVTEN 7511 M PLUJS 7476 5Bk 7 1O X 1( 6-ih '--
DMPY 674 3 MPLY 715% SERIES 6145
DMULT 62pr M, RBOUT 7506 S ERIE?. 5674

2.
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