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FORWARD

This manual is designed to fill a very real gap in T.I.'s documentation
of the Master Library manual, which is woefully inadequate for more than just
a casuel user. In addition, the appendices provide useful information for the
58/59. Specific procedures are given for efficiently interfacing most CROM
programs with programs in user memory. Where practical, register assignments
are given before and after executing particular functions.

While recognizing that programming is a pultifaceted endeavor involving
tradecffs between execution time, program space, input-output ease and pro-
gramming effort, any criticisms of T.I.'s programs expressed herein are made
in the spirit of pointing out possibld inefficiencies in the particular
program structure chosen or comparing alternate techniques; not just as an
exercise in picking nits. Text errors pointed out pertain to edition
1014984-21 (lower R.H. cornmer on back of M.L.M.). Other editions may have
corrected these mistakes or added some new ones as a confusion factor.

Unlike computer programs in high level languages, calculator programs do
not lend themselves well to flowcharting and no standard formati exists which
is both flexible and concise. As a result, the flowcharts herein contain
varying mixtures of plain English, keyboard mnemonics, and foriran type assign-
ment statements where the variable on the left-hand side of the equals symbol
takes on the value specified by the right-hand side (is not an equation). In
some cases where several operations are being performed concurrently, the order
of completion may not be sirictly adhered to in the flowchart. The emphasis
is on understanding the program structure without getting bogged down to ycur
eyeballs in tke arithmetic details. Blocks which are dashed contain phantom
variables or operations which exist only in the flowchart to enhance under-

standing.

Although every effort has been made to ensure technical accuracy, the
author does not assume any responsibility for consequences resultiing from use
of any material herein. This manual is for informationel purposes only and
has been produced without any collaboration with Texas Instruments Inc.

For those 58/59 users who are interested in obtaining maximum performance
from their machine, the author would like to recommend that they subscribe to
52 Notes, the newsletter for a club of T.I. programmable calculator users,
which is independent of T.I. and an excellent source of information. News-
letters are published monthly at a nominal cost of $1. A six mcnth membership
is $6, which includes the newsletters. Back issues start June 1976 (get them
all...much of the infcrmation for the SR-52 is applicable to the 58/59),

The address is: ’
52-Notes
9459 Taylorsville Road
Dayton, OH 45424
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Note the numbers which appear on the upper right-hand corner of esach page of
this manual pertaining to a CROM program. This makes locating specific material
easier and faster.

I welcome any comments or'questions concerning this manual. In the mean-
tine....HAPPY COMPUTING!

a9 Tl

Fred Fish

THIS MANUAL WAS REPRODUCED WITH THE PERMISSION
OF FRED FISH. HIS PRESENT ADDRESS IS:

2325 N. 8TTH WAY, TEMPE, AZ 85251

HOME PHONE:602-894-6881

WORK PHONE:602-932-7391

FOR TECHNICAL INFORMATION, DIRECT YOUR IN-
QUIRIES TO FRED FISH.

FOR COPIES OF THIS MANUAL, WRITE TO:

TI PPC NOTES, P.0.BOX 710, LANHAM MD 20801

OR CALL MAURICE SWINNEN, 301~459-5458.




ML-01

MASTER LIBPARY DIAGNOSTIC

Not much can be said about ML-01 that wouldn't te just a duplication of
the Mester Library Manual., The coding is straightforward and information
about each pisce is contained with the program listing.

Let us simply note a few facts in passing:

(1) Running the "diagnostic®" portion affects registers 1-7, 9, and
2 H

(2)

(

)

the T register. Note the omission of the use of RO7 in the
ML.MO ' .

PGM 01 SBR 012 with a value "MN" in the display can be used
to clear registers 1-MN.f For exampis, with 15 in the display,
PGM 01 SBR 012 clears registers 1-15.

The last step in the use?‘instructions should indicate that the
program in use must not be called.
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ML-01 Program Listing
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Program Listing (cont

ML-01

) B bR S e I
08| Al Do WS R L W A o
PO L0 1 L0 S W T 0]
30 e b ] ST e T o ]
Fow vt 0 8 000 €73 vt €T (T

o ol FRORN N O I A e ISl Y
e R M I TR TR T

[ N R e e R

SO O

LW W o Y )
[rom vt 0T 0T 008

A ol [ O
DI T W
et wed e ol el

- e O ) o T
o e LS s O

03 0

[l S92 S X |
[ BT O

o

Xy ]

el

- ol B b
o™ e C D -

| DB (1 o (TS (Y Ve O

e vt AT AT L0 00 et (T 4T

DY Ias I ol TNl
DV IS N N Y W

et et el et ek el v A e

LICsl S [ X

BN | == ] L S X DAY

D OIS N SN T 00N RIRY | EX R O AN BN MO DR

oo 00 et 0 00w 70 g P 0 T

A

o Foe P P P P o e T

el ped e el e e d el vl el

o vt CT0 00 00078 vt 550 AT T

B R I e [ v R Sy

Il R b T
1 e 52 R M W ol o
Loy X

0 T 0, wt U 00

Foe 410 0 g0 078 vt T .wq..

ERTOMCE S Y OGRS ol | RO O S
R0 U I I O e o i B

D e R R I I I IR L

o L

ol P T
O LD
G STV

-

(RN]

(XA

LK IO A AR Y |

| R N s O N 4 ]

DOCEOUC s IS I A |

L i JRTE JEER IE |
el ed ] wed el

PRI Sl N | N N S TN B
oo F -

DoCCY IR O

8 ot 0T 0T

LU o TR
- el e el
vt et e e

e o e S O b
[ o | Db NG X B

e L o Y X

DN IO SYUOY B I SRS |

ot

Froae vt £ 00 0000 070 et (T

T 000 P €20 et 0 008 =} I
e B Bk Iy ALY BOCH IO AN |
P IR I o IR B e R

COFTE

YIRS SO FICS I s ol s KW Y |
P et 50 000 00 0770 et 1100 T

g0 e 850 0T 70 et 0] 00
DRt Lt Y JOOY IR LSO AN Y
P IR o TRt JRON SRSt R RPN R

A . e Sl i
2 b L Ol T L
1. ) 0 G
o T 0 S T T Y
o et 0 T 000 00 et 1Y

o



02

ML-02

MATRIX INVERSION, DETERMINANTS
AND SIMULTANEQUS EQUATIONS

ML-02 is not only the longest program in the Master Library, but also
considerably more complex than any other due to the requirement that it
handle various order systems. At this time the author's stack of note's
for ML-02 is almost as thick as for all the other library programs
combined. To adequately explain the detailed workings of the program would
require delving deeply into numerical analysis of linear systems. On the
premise that only a relatively small percentage of readers will be inter-
ested in the details, specific analysis is not included so as to prevent
a large increase in the length of this manual (and hence price). Those
readers who are interested may send thp author a postcard with their name
and address, and if sufficient demand ‘exists, a complete dissection of
ML-02 will be printed up and made available at cost plus postage at a
later date. In the meantime, refer to pages 146-160 of Numerical Methods,
Dahlquist & Bjork, Prentice Hall, 1974. :

-

-

Interface procedure: G
(1) Prestore system order (n) in RO7.

(2) With desired starting column for entering Matrix 4 in
display, execute PGM 02 B. Input each element by
ngTOo*Q1 CP 21".

(3) To find the determinant execute PGM 02 C ...returns with
value of determinant in the display and prints it. This
step must be performed before finding the inverse or
solving simultaneous equations since 1t does the LU
decomposition.

(L) To solve Ax = b, prestore the desired starting row (i)
for column vector b in RO5. 1Input each element with
PGM 02 SBR 355. After last input execute PGM 02 Z.
To output column vector x, with desired starting row in
display, execute PGM 02 A', the "RCL¥*Q1 OP21 for each
element to be output.

(5) To find the inverse matrix execute PGM 02 B'. Then with
the desired output column in display, execute PGM 02 C'
followed by PGM 02 SBR 860 for first element. Each
element thereafter is output with PGM 02 SER 8€9.

(6) To get the determinant and the inverse in one step,

execute PGM 02 E'!' and see the determinant displayed and
printed. Output sach element of the inverse as in (5).
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Special notes:

(1)

(2)

(3)
(4)

Special applications:

(1)

(2)
(3)

During normal operation, with no pending operations, it is
not necessary to hit CLR before sxecuting labels Z or B!
contrary to M.L.M.

Steps 339-349 (11 NOP's) apparently are a residual of
converting from labels to absolute addressing. Granted,
changirg a lot of asbsolute addresses as the program gets
shorter from label elimination is a pain in the posterior,
but in this application there is no excuse for not doing so.

The = at step 543 is redundant.

Both RIN's at steps 051 and 069 are unnecessary...steps 034
and 056 could be changed to 14.

g ]

PGM 02 D' evaluates I + (I-ﬁ)iRO?) + 7 where I = display
input. o ‘

i

PGM 02 SBR 020 decrements RO1, and makes RO2 = RO2-RO7.

PGM 02 SBR 327 evaluates and prints RO6 = ROG(RMN) where
MN = display value. (uses RO1)
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ML-03

MATRIX ADDITICN AND MULTIPLICATION

ML-03 performs matrix addition and multiplication utilizing the formulas
given in the Master Library Manual.

MATRIX ADDITION:

Register assignments are:

RO1: Pointer p RO3: m  ROS5: ?1 RO7: Pointer or
2

RO2: Pointer q RO4: n RO6: counter
2 |a Ja ceee. la e la la veve. |2
21 | 31 m1j 12} 22| 32 mn
RO8 - R (mn+7)

-

o

b b veesee | B b b b heeee | B
21 31 m1 12 1 221 32 mn

R(mn+8) R(2mn+7)

For final assignments, ¢ —replaces a and b is not affected.

ij ij ij

Interface procedure:

(1)
(2)

(3)

(4)
(5)

Prestore A1, /\2, m, and n in the assigned registers.

With number of desired starting column of matrix 4 in the
display, exscute PGM O3 3.

With element of matrix A in display, execute SIO#Q7 COP 27
for sach element ito be input. Insert a print command if
desired.

Repeat steps (2) and (3) for matrix B using PGM 03 C ia (2).

Zxecute PGM 03 2. To output maitrix C, snter the Jesired
starting column in display and sxecute PGM 03 4'. To
output each element sxecuts RCL¥02 (P 27. Insert z print
command if desired.



Interface data:
Flags used: none
Parentheses levels: 1 (note that equals is used)
Subroutine levels: none

Special notes:

Contrary to M.L.M. user instructions, it is not necessary to
hit CILR before executing label E under normal use.

MATRIX MULTIPLICATION:

Register assignments are:

RO1: Pointer A RO3: m R0O5: not used RO7: Pointer or

RO2: Pointer BT RO4: n RO6: not used counter
8. 8. 8. ®es a0 a. 8. N ‘a a oo 000 B.
111 21| 31 ml| 12| 22 32 mn
RO8 ~ R (mn+7)
c c c sesss | C oflp |b b eeees | D
131 23] 3] nj 131 231 3] nj

R(mn+8) tR(mn+m+8) R (mn+m+n+8)
Interface procedure:

(1) Execute steps (1)-(3) of the matrix addition interface
procedure.

(2) With number of desired starting row in column vector x of
matrix B in display execute PGM 03 B'.

(3) Execute STO%07 OP 27 for each element of column vector
to be input, with the element in the display. Insert a print
command if desired.

(4) Zxecute PGM 03 C!'. With the number of the desired starting
row of column vector y of matrix C in the display, execute
PGM 03 D!'. For each element to be ocutput execute RCL*Q7 OP 27.
Insert a print command if desired.

Interface data:
Flags used: none

Parentheses levels: 1 (note that the equals function is used)
Subroutine levels: 1

03-2



Special notes:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Label DEG is an exact duplicate of label (x| and could be
eliminated by replacing steps 154-166 with GTO Ix) thus
saving a net of 11 steps.

Steps 048-062 could be replaced with GTO 015, saving a net
12 steps.

Steps 263-273 are identical in function with steps 122-132.

A GTO y* at step 263 would save a net 9 steps.

By inserting a LBL CIR between steps 115 and 116, steps
242-2L5 could be eliminated, saving a net 2 steps.

Due to a programming error there is always a wasted register

at R(mn+m+8) during matrix multiplication. This could be

eliminated by changing the 8's at steps 147 and 192 to 7's.
‘ .

Contrary to M.L.M., fgf matrix multiplication, the highest
register used is R(mn+m+n+8) not R(mn+2n+7).

Though it might appe;f’at first glance that the Lbl A' B RTN

sequence could be elifiinated by Lbl A' Lbl B'...., this is
not so since label A' execution is normally followed by R/S.
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Store current
input in RO4

A

Input = j
j is desired
column in matrix A

Input = j
j is desired
column in matrix B

Store previous

A

input in RO3

Recall current
input

Starting address
= pointer
(3=1)m+8

Starting address
= pointer
=(j-1+n)m+8

<

N

Advence and
print current
input

Store pointer
in RO7

-

)

Store pointer
in RO7

RIN

Recall j and
advance

Recall j and
advance

0

GTO
(x|

Store current
input in RO6

o

Store element
of matrix via
pointer in RQO7

Store previocus
input in RO5

A

increment
pointer in RO7

Recall current
input

<

print matrix
element

Advance and
print current
input

o
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Store p = 7 in
201

Store count = mn |
in RO7

Store g = mn + 7
in ROZ2

R R —.
;

sz o ]

p=p+1
q=gqg+ 1
r'-"“'i"""—"i
! s=s + 1 '
L----l___nnx
cg = A1 R(p)
+ A2 R(q)

4
Replace a_ by ¢,
in R(p) - °

Initialize pointer
in RO7 via SER B

Recall element of
matrix C via
pointer, in RO7

Print element

CFE D

y

Increment pointer

il

gTo ¥*

o maa s - ey

I' s =m i

e s

Display 1

CaEi

03-5

Input = 1
1 = desired
row in column x
of matrix B

Starting address
= pointer
=i+ mn(n+tt) +8

<
[Store pointer in RO7

LRecall i and advancéw

RIN

Store element of

matrix via pointer
in RO7

Print matrix element

CEiD

GTO DEG




| § is fixed, 1=0

R i

R =m and store in
T register

Pointer A =8 -m
and store in RO1

Store n in RO7 as
counter

L

Pointer B = m(n+1)+8
and store in RO2

—-—*(becrement counter[

is
counter

—
]

Pointer A .
= Pointer 4 + ﬁ

Recall R from T

register
v

| R =R-1 |

yes

no

Pointer A
= Pointer 4 + m

T Icll'{ T

\——--.--1----

h 4

Increment Pointer B

Pointer A=8 - R
and store in RO

[Store RinT reg:j

L— GTO EE

Input = 1
i = desired row
in column of
matrix C

4
Starting address
pointer
i+7+m

Store pointer in RO7

Recall i and advancel

Recall element of
matrix C via pointer
in RO7

Lg;int matrix element

D)

[Increment pointer

—— GTO ENG

i=nmn

e ccccorn = oce -

Form product aikbkj

Display numeral 1

I

ATN
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ML-04

COMPLZX ARITHMETIC

ML-Q4 is based upon the formulas given in
the Master Library Manual and is a straight-
forward execution of said formulas. Inputs
and outputs are designed to be directly
compatible with ML-05 and ML-06 so that the
user can switch back and forth at will.

X+Y:
terface procedure:
(1) Prestore a,b,c, & aéEgrding
to the table. -

(2) Z=Zxecute PGM 04 B, returns
with real part in display and

imaginary part in T rgg;ster.
X-Y: '

Interface procedure:

Same 2s for X + T except use 2GM 04 B'.

Special note:

A subroutine call and two steps could be eliminated by
starting the label B sequence whers the B is at step 062.

Lx7Y:

Interface procedurs:
Same as for X + T sxcept use PGM 04 C.

L=7:

Interface procedure:
Same as for X + Y except use PGM 04 C'.
Special note:

4 subroutine call and two steps could be 2liminated ty
starting the label C sequence wnere the C is at siep 119

04=1



04

Y

Interface procedure:
Same as for X + Y except use PGM 04 D.

Special note:

If the magnitude of Y is zero (c and 4 are both zero), the
correct results appear in the display and T register but not

in registers RO1 and RO2. Thus for chained operations, if ¥ = O,
you must swap X and Y via label E' after executing D to get the
correct final answer. Reentering X as zero will also work.

VY .

Interface procedure:

-

£.
Same as for X + Y except use PGM 04 E

Special notes: :;:‘

(1) If the magnitude of X is zero then this quantity is indeter-
minate, The program defines- it to be 1 + 0i and sets an
error state.

(2) If the magnitude of Y is zero the program defines this quantity
to be O + 01 but does not leave this value in RO1 and RO2 as the
new X. Thus for chained operations you must exchange X and Y
via label E' or reenter X as zero.

logY X:
Interface procedure:

Same as for X + Y except use PGM 04 D!,

04-2



Register assignments are:

04

OPERATION RO1 RO2 | RO3 RO4 T reg | Dis () SBR
reg |level |level
X+ INITIAL a b c d # —_—
0 0
FINAL a+c|b+d c d b+d|a+c
I-X INITIAL a b c d #® —
0 1
FINAT a-¢clb-4] -¢ -4 b-dla-c
IxY INITIAL a b c d # —
1 0
FINAL ac-bd | ad+be c d ad+be | ac-bd
X=X INITIAL a - b ¢ d # —
‘. 1 1
FINAL Re(Z) | Im(Z) c -4 Inm(Z) | Re(Z)
INITIAL a “ b c d % —
T — 1 2
. FINAL |Re(Z) | Im(2) a b Im(Z) | Re(2)
< INITIAL a b c d #® -—
Y 1 2
FINAL Re(Z) | Im(Z) ¢ -d In(Z) | Re(2Z)
logy X |INITIAL a b c d ® —
1 2
FINAL Re(Z) | Im(2) e f In(Z) | Re(Z)
iy INITIAL a b c d not —
used 0 0
FINAL c d a b 0

*Normally zero after executing label A but doesn't matter since

it is overwritten.

e
f

Re(ln Y)
-Im(ln Y)

04=3




Lbl

Clear T register
and put into RAD

mode.
|

Exchange current
input with previous
input in RO2,

I

Exchange previous
input with contents

of RO1.

Recall current
input,

Sum imaginary parts Make ¢ = -¢
and store in RO2 d= -4
and T register.
A
A SER B
Sum real parts and
store in RO1. Display »
real part. RTN
A
£,
Lbl ¢ -
C Make 4 = -4

Compute real part .
of product (ac-bd).

Divide a and b by

o2 + 32

Store real part in
T register.

9

A

— SBR C

Exchange current
input with previous
input in RO4.

Compute imaginary
part of product
(ad+bc) and store
in RO2.

Exchange previous
input with contents
of RO3.

|
Recall real part
rom T register
and store in RO1.
Display real part.

Recall current
input.

)

RIN

Swap RO1 and RO3
Swap RO2 and RO4
Display a O

RTN

A

RTN




Swap X and Y via
SBER E'.

‘
Find mag(Y)
PGM 05 SBR B.

is
mag(Y)
=0

?
l no

GIO E!

ves

Swap X and Y via
SER E!,

<9

Find mag(Y) via
PGM 05 SER B.

Calculate In Y
via PGM 05 SBR A'.

:

Calculate X(1n Y)
via SBR C.

Compute 1ln-X via
PGM 05 SBR A!

4

Calculate
eX(ln Y)

via PGM 05 SER B!'.

Swap X and Y via

SER E'.
I

RIN

Compute l1n ¥ via
PGM 05 SER 4'.

Swap X and Y via
SBR E'.

Compute 1n X

<

via SER C'.

RTN

04-5

Calcwlate 1n Y via
PGM 05 SER A!'.

Calculate 1n ¥
X
via SBER C'.

Calculate

(e)
via PGM 05 SBR B'.

RTN

o
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ML=-05

COMPLEX FUNCTICNS

M.-05 mechanizes the formulas given in the Masiter Library Msnual. Note
that the angle of the number in the complex plane is determined Irom the
P/R conversion to insure that it is in the proper gquadrant, ratzer than
from the ARCTAN function as implied.

r,8 :

Interface procedure:

If a and b are already prestored in RO1 and RO2 respectively,
PGM 05 B 1is a handy routige to display r and leave & in the
T register. =

Interface procedure:

(1)

(2)

‘el

Prestore a and b in RO1-and RO2 respectively.
Execute PGM 05 C ....returns with real part in RO1 and
display, imaginary part in RO2 and T register.

¥X, 1/%, 1n X, &%

Interface procedurs:

- 2 ., . '] - -
Same as for X %but use the appropriate user deiined key.

Special notes and applications:

(1)

(2)

3)

Routines C' and ' can be used %o calculate sinh x and

cosh x respectively, with x in RO2. (x mus%t be in radians)
Note that these routines are not used bty ML-05 at all but
out by ML-06. It would have been better to label them
something else and put them in ML-06 since they cculd then
be accessed by ML-06 with SBR ___ instead of PGM 05 ___
which is obviously longer (and probebly slower).

PGM 05 SBR 052 will change a polar form, with r in dispiay
and © in RO2, to rectangular form, with x in display and
R01, and y in T register and RCZ.

Note that steps 038-044 could be eliminated by X&T CGTO o556,
seving a net 2 steps. Steps 113-118 could be sliminated by
GTO 009, saving a net 3 steps. The RAD at step 014 appears
to have no significzence since the machine is already In RAD
mode when routines I' and C' are called by ML-QA. (The given
addresses would have to be chznged after eliminating steps.)

05-1
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Special notes and applications (cont):

(4) Steps 073-079 could be eliminated by GTO 055, saving a net
4 steps.

Register assignments are:

OPERATION RO1 RO2 | RO3 RO4L | T reg Dis () SBR

reg | level |level
INITIAL a b _— —

r,8 0 0
FINAL a b ) r
2 INITIAL a b \ -_— —

X : 7 1 1
FINAL | Re(2)| Im(z) / m(z) | Re(2)
INITIAL a b / _— _—

NY Wk 1 1
FINAL Re(Z) | Im(Z) o In(Z) | Re(2z)
INITIAL | b | = — —

1/X : 1 2
FINAL Re(Z) | Im(Z) | -a -b In(z) | Re(2)
INITIAL a b — _—

In X 0 1
FINAL In a 8 8 ln a
x INITIAL a b — —_—

e 0 0
FINAL Re(Z) | Im(Z) Im(Z) | Re(Z)
INITIAL x / —

sinh X 2 0
FINAL ' // sinhx
INITIAL x —

cosh X 2 0
FINAT, e coshx

05-2



Input real and
imaginary parts
of X via PGM 04
SBR A.

Convert to polar
form via SBR B

Convert to polar
form via SBR B

o
) B

Convert e+bi form
to r,® form with
r in display and
8 in T register.

) b

Compute sinh(RO2)

3

RIN

@Y

Compute cosh(RO2)

RIN

g

P

" Note: C!' and E!
are not used by
ML-05. See 05-1.

Convert back to

rectangularlform

Put into Rad mode.
Recall a and compute

a
r=ce

A

Store b in RO2
Store a in RO1

8=b5.
Convert back to

rectangular form.

D

Store b in RO2
Store a in ROL

Convert to polar
form via SBR B.

CRmD

[ r=1lnr

y

Store r in RO1
Store 8 in RO2
Displey r

Set ¥Y=1+01
Exchange X and Y
via PGM 04 SBR E!

CEmD

05-3

Evaluate Y/X via
PGM 04 SBR C!

CEm D
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ML-06

COMPLEX TRIGONCMETRIC FUNCTICNS

ML-06 is a continuation of the tradition of ML-04 and ML-05. The user
should be aware however that the inverse trigonometric functions for complex
arguments are actually multivalued functions (true for real numbers also,
since they are simply a special case). T.I.'s source for the formulas given
in the M.L.M. was Handbook of Mathematical Functions, U.S. Dept. of Commerce,
National Bureau of Standards, Applied Math Series #55, Topic 4.4.37-4.4.39.
The complete formulas are:

kw+ (=1 )k (formuls in M.L.M.)

arcsin Z =
arccos Z = 2kmw: (formula fﬁ_.M.L.M.)
arctan Z = kW+ (formula m“MLM.) if 22 # -1

L

where k is an integer or zero.

Sin X: A slightly different formula than that given in M.L.M. is
actually used:

sin X = sin a cosh b + 1 cos a sinh ®
Interface procsdure:
(1) Prestore a and b in RO1 and RO2 respectively.
(2) Execute PGM 06 B ....returns with real part in A01 znd
display, imaginary part in RO2 and T register.
Cos X: Again, a slightly different formula is used:
cos = c0os a cosh b -1 sina sinhb
Interface procedure:
Same as for Sin X sxcept use PGM 06 C.

Tan X, arcsin X, arccos X, and arctan X:

Ixecution is a straightforward mechanizatiion of the formulas
given in the M.L.M.

Interface procedure:

Same as for Sin X sxcept use appropriate user defined Xey.

06-1



Special notes and applicaticns:

See last page of program listing.

Register assignments are:

06

OPERATION RO1 RO2 | RO3 | ROL | T reg| Dis () SBR
. reg |level| level
INITIAL a b — —
gin X 3 1
FINAL Re(Z) | Im(Z) Im(Z) | Re(2)
INITIAL a b — ] -
cos X 3 1
FINAL Re(2Z) | Im(2) 7 Im(Z) | Re(Z)
INITIAL | a b | | = | | —
tan X T 3 2
FINAL Re(2) | Im(2) & % | Im(Z) | Re(Z)
INITIAL | a | b : | amm
arcsin X 4 2
FINAL Re(2) | Im(2) In(Z) |{ Re(Z)
INITIAL a b \\ N
arccos X A 2
FINAL Re(2) | Im(2) // In(z) | Re(2)
INITIAL a b — ] e
arctan X 3 0
FINAL Re(Z) | Im(Z) In(Z) | Re(Z)
#* ¢ = Re(cos 2Z)
f = -Im(cos Z)

06-2



Store real and
imsginary parts
via PGM Q4 SER A

Set ¥Y=X

RTN

Compute cos X via
SBR C

Exchange X and ¥
via PGM 04 SBR E!

Re(Z) = sin a
x cosh b

Compute sin Y via
SBR B -

*

E

S

Im(Z) = cos a

Compute sin ¥
.cos X

x sinh b

<

Store Im(Z) in RO2
Store Re(Z) in RO1
Display Re(Z)

RIN

Re(Z) = cos a
x cosh b

-sin a
x sinh b

Im(Z)

4
Store Im(Z) in RO2
Store Re(Z) in RO1
Display Re(Z)

via PGM 04 SBR C!
"‘->
C RIN D

Compute S via SER
A!

A

Compute T via SBR

T

Compute B = 4(S-T)

:

Re(Z) = arcsin B

Compute U = Im(Z)

{via SER E

Store Im(Z) in RO2
Store Re(Z) in RO1
Display Re(Z)

RIN

06-3

((a+1)? + B3)F
((a-1)2 + v3)%
3(s+T)
#(s-T)

In(a + (a3 1)%)

(1 - 2= b2) + 1(2a)

a2+ (b+1)2

a2+ (b-1)2

Compute S

«

RTN

Compute T

RTN

Compute U

RIN

[}

[9))



Compute S via
SER A!

Compute T via
SER E!

\

Compute
B = #(s-T)

|Re(Z) = arccos B |

£

e

Compute Im(Z) =7-TU.
via SBR E o

E o

~

B
-l

Store Im(Z) in RO2
Store Re(Z) in ROT™
Display Re(Z)

CEmD

Compute angle of
Re(Z) = &V

Compute Im(2) =
+Inw

Store Im(Z) in RO2
Store Re(Z) in RO1
Display Re(Z)

RTN

06-4
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rogram Listing (cont.)
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Special notes:

(1)

(2)

(3)

(4)

Steps 0253534 could be eliminated with a
GTO 008, saﬁing a net 7 steps.

Steps 110«120 could be eliminated with a
GTO 081, sav1ng a net 7 steps

Steps 155-160 177-182, and 244-249 could
be eliminated with a GTO 086, saving a net
9 steps.

These are only some of the more obvious
faults. Changing the entire program structure
could result in considerably more savings,
particularly if use is made of the ML-04 and
ML-05 functions.
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ML=O07

POLYNOMIAL ZVALUATION

ML-07 evaluates a polynomial with real coefficients for any real value of
x by the method of synthetic substitution. Consider a generzl third order
polynomial:

P(x) = a3x; + a2x2 + 29X + 29
This can also be rearranged and written as:
P(x) = a9 + x(aq + xgaz + x(a3?))

‘oo csoe goman od
H

&

P(X) = &O + x(‘a1 + X(Qz))

Q, )
P(z) = ?9_t:?f%1? = How to squeeze an answer
p(x) = ao out of your calculator...

Thus it is obvious that this procedure could be followed for any
order polynomizl by a simple loop which calculates:

= +
o q=e _q+ (@&
and then plugs the new "Q value" back in on. the next loop.
Synthetic substitution has many advantages over the direct use cf the
function; primarily sxact integer outputs for integer inputs and coefficients
(of reasonable size) and the ability to handle negative inputs.
Register assignments:

RO1: pointer R03: =x (inmput) RO5-R(n+5): coefficients; 24,
RO2: counter (i) R04: n (order) 215 85y +..8

e

a
Interface procedures:

Since program execution is gquite simple, little improvement can ove
made in program length or number of data reglsters (as far as
interfacing is concerned. You may however wish o bypass the priat
commands in routines A and 3 by prestoring the order and coefficisnts
in the indicated registers and then executing PGM 07 C.
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Interface procedurss (sont,

~—rt

I you absolutely must suppress 2ny printing then the following
routine will perform the same function as ML-07:

Lbl 4 RCL#*11 = x RCL 12 + Dsz 17 4 RCL CC = INVEER

Ses Appendix C concerning synthesizing Dsz 11. Prastors
coefficients starting with a2, in ROO up to 210 in R10.
211 bolds the order (n) whicH mist be prestcrsd zack

ho%
the routine is 2allaé. R12 holds the wvalue %0 de inpu

assignments for x and n.

ML-C7 normal use data:

Flags used: none
Parentheses lavels: 1
Subroutine lavels: none

LMy

PGM 07 SBR x| might be 2 useful input routine.
C1 determines the location of the input data an
wring each exscution.

ML-J7 Program Listing
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e,

L J

Store n in RO4
and print n

Camo

Pointer =
input + 5

A

Store pointer in
RO1 and advance
printer

Store input via
ointer in RO1

:

Increment pointer

y

Print input

h

(_RTN

GTO  |x]

Advance printer
and print input

Store input (x) in
RO3

e
0
B

Pointer =;nﬁ5

5'.

[fhcrementyi 4J

Recall a ..

Decrement i

yes

o7-3
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ML=08

ZEROS OF FUNCTIONS

ML-08 uses the bisection method %to find one root in a2 sampling interval,
delta x, where the function changes sign an odd number of times. The program
will not find a root on any interval where the
function changes sign an even number of times.
Roots which are maximum or minimum points are
ignored unless by chance they are an interval
endpoint.

(WHHET ARE

Execution starts at the lower limit with
an interval of delta x. If no sign change is
detected between endpoints, the next ipterval
is checked and so on. This is the purpose of
the first loop in the flowchart label E.

B g

H P 1 1
I i L ‘ 1

& &x+1 or bk . B

If a sign change is detected then the
interval is progressively halved until the
root is found to some arbitrary input error
limit, This is the purpose of the second loop in the flowchart label Z.

f(akfxq:

7

i
\ - £)

~r¥ ¢

x

o)
K

~

Register assignments are:

RO1 RrO2 RO3 RO4 ROS RC6 07 RCS

(&3]

(3]

N . . - .
FINAL 2 o) Ax yn bk+n oot I(ak)

#pfter each root is found.
.
Sg+n T “ktn
2

root = Cyin =

08-1



08

Interface procedure:
(1) Prestore values for a, b, Ax, and E in the indicated registers.
(2) Enter £(x) in main program according to user instructions in M.L.M.

(3} Execg.Ze PGM 08 E for each root...returns with root in display and
in RO6.

(4) Use flag 7 to detect the error states indicating no more roots
or an undefined point,

ML-08 normal use data:

Flags used: none ,
Parentheses levels: 2 (contrary tq M.L.M.)
Subroutine levels: 1 £

Special notes:

(1) Contrary to M.L.M., register 09 1is not used. (pg 28)

(2) Contrary to M.L.M., the use of = in f(x) is permissible if there
are no pending operations you need to protect while using ML-08.

Special applications:
If RO5-R0O4 is less than RO8 then PGM 08 SBR GRAD will calculate the
average of RO5 and RO4 and store it in RO6. If the inequality is not

satisfied and A' is not defined, the results are the same but an serror
state is created and program execution halts.

Store upper limit Store lower Store error
in RO2 and compute limit in RO1 limit (E)
Ax =b - a in RO8

<4
Store Ax in RO3 C:E_I’D

CRIN )
Set E= .01 and @

store in RO8

CED

Store 4ox
in RO3

08-2



Lbl
GRAD
Clear error state e = -é-(a_k + bk)
Y
yes Store ¢ in RO6
Compute m = bk - &y
Store ak in RO4
‘
by St X RAD
L - Compute f(c, ) Recall root from
. S R06
Store in RO1
et Compute = .- o
and bk in RO5 n= f-(ck) x BTN
¥ £(ey)
Compute f(by) and X
store in RO7
yes
Recall ay and @
store :Lnl RO6 o
yes f =
Compute £(a,) 8 = %y
no
B = o ¢
s = £(a) x £(5)
and store f(a) in
RO7
-4 Create error state RTN
is
Fos sGEO =

08-3
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S~ ML-09

SIMPSON'S APPROXIMATION (CONTINUOUS)

ML-09 evaluates the definite integral of a user defined function over a
specified intervel using Simpson's Rule. An interesting feature of Simpson's
Rule is that it yields the exact answer for polynomials of third degree or

less (subject to display rounding).

Register assignments are:

- RO1 | RO2 | RO3 | RO4 | RO5
INITIAL x, %, s -— n (1)
FIMAL | x x, | o I 0

e

Interface procedurs:
(1) Enter £(x) as specified by the M.L.M.
(2) store %, and x, in the indicated registers.
(3) Enter n (must be even) and execute PGM 09 C.

(4) Execute PGM 09 D ....returns with I in display and in RO4

ML=C9 normal use data:

Flags used: none
Parentheses levels: 2
Subroutine levels: 1

Special note:

Contrary to M.L.M., the use of = in the f£(x) subroutine is permissible
as long as no pending operations have to be preserved while using ML-09.

- Special applicatlons:
(1) PGM 09 E evaluates RO1 + (RO3)(RO5)
(2) PGM 09 SBR 038 evaluates RC3 = (RO2-R01)/ROS
(3) PGM 09 SBR 107 evaluates RO4 = (RO4)(RC3)/3

09-1



i=n

{

Compute via
SER E n

h

Compute f(x,) and
set:
I=1f(x)

&

Decrement i and
compute x; via
SER E

A

Compute £, = 4f(x;)

1
!

I=1I1+£¢.

l 1

Decrement i

n = fn|
and store in ROS

()

Store X, in RO1

R = FRAG(n/2)

© B

Create error state

Store hfin RO3 ?{

D

Compute x, via
SBER B i

Compute f; = Zf(xi)

Lbl

il

=)
Q
n

Store X, in

-6 -

X; = Xy + i(n)

Compute x, via
( SER_E

4

Compute f, and
I= I+1£,

1

I=1 (v/3)

Recall and display
I

G

09=2

y

9
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~ ML-10

SIMPSON'S APPROXIMATION (DISCRETE)

ML-10 is a good e le of a poor programming approach. ZIZssentially it
stores the values of f(x) at discrete points and then after all data is
entersd, plugs them into & long summation. It's a lot like killing fleas
with a2 sledge hammer...a big waste of effort to accomplish a small task.

4 much better approach would have been to create each term as that value of

. f(x) was input and sum intoc a single register.
- Register assignments are:
RO1 RO2 RO3 RO4 ROS
INITIAL i count 5 h — n
FINAL 6 0 | h I n
Interface procedure: »*;,
o~ If you insist on using ML-10 then simply follow the user instructions

and precede each user defined key with PGM 10. In place of the R/S's
use PGM 10 SBR [x|.

As an alternative I offer the following routiﬁe to be entered somewhere
in your program. See Appendix B for an explanation of HIR code 32.

Ooo e LB g1 o4 4 o200 Z9 o= | o300 3l Rew
T DS S - ] 211 Z4 gz S I R 21 5743
0E 4z 2TO| Q12 44 sup | 22 24 CE X 2 SIH
oD gy 311 ar3 g Qi o2 830 0w 0z Te LEH
god 31 RS 014 22 HIR ) 024 22 2 o2 A N
ooz Fe LEL I OLT Ll 1L} 023 T4 Qe 24 zUN
08 33 SIM | 018 31 RUS 028 443U | O g1 01
T I S 17 22 IWY | 02T 4t Qi | o3V o4z RCL
oos 24 CE gia 37 D2 | 02z 32 HIR | 033 gt 0:
ooe 25 = 215 02 Q2 02s it e 3E RTH

To use, first calculate #(n-1) in the mein program and stecre in RO2.
Inter f, and call routine A. While in routine 4, enter £j and key /S
after each entry. After fj is entered and you key R/S, the sum
(£g+b4fq+REs+4E g+, .o W 4Epy_4+Fp) will be recalled from RC1 and control
will return to main program. To get the integral, muliiply %his sum
by h and divide by 3. Note that only two registers are used vs. n+b
for ML-10.
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10

ML-10 normal use data:
Flags used: none
' Parentheses levels: 1
Subroutine levels: O
Special notes:

n, which must be even, is the number of intervals thus there are
n+1 data points, which mst be equally spaced of interval length h.

Special applications:
(1) PGM 10 SBR 110 evaluates RO4 = (RO3)(RO4)/3 and prints it.

(2) PGM 10 SBR 011 prints the contents of RO5 if the display input
is an integer or zero; creates an error state for non-integer inputs.

(3) PGM 10 SBR 012 reverses the resnil:ps of (2).

(4) PGM 10 SBER 013 prints the contezité' of RO5 for an input 6f zero and
creates an error state for all other inmputs.

(5) 1If the T register contains a numbéf Q, PGM 10 SBR 014 prints the
contents of RO5 for an input equal-to Q and creates an error state
for all other inputs.

(6) PGM 10 SBR 01§ reverses the results of (5).
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Set i=n+ 6 and
store in RO1

I

Recall fn via

i in RO1

v

Set I = fn

©

Decrement 1

Decrement i
Decrement counter

yes

Meke n = |n| and
store in RO5

Store h in RO3

A 4

*

Counter = #n and
store in RO2

Print h

!

R = FRAC(counter)

Cam

Lbl

EE

Recall +'n from RO5
and print n

Create error state

Lbl
<2

CRIF D

Pointer = input+§4j

4

Store pointer (i)
in RO1

Recall f, via i
in RO1

<

I=(8/3)(T+£)

Recall I from RO4
Advance printer and
print I

Advance printer

G o

10-3

Store input via i
in RO1

Increment pointer
Print input

10
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ML-11

TRIANGLE SCLUTION (1)

ML-11 is desigred to handle three "types" of triangle solutions; SSS,
SSA, and SAS. Zach combination will be analyzed separately.

S.8.8.:
This is the simplest case. To evaluate A, B, and C, A
the law of cosines is applied three times with sides c b
a, b, and ¢ "rotated" through registers 01, 02, and
06. This allows a single routine yith fixed register B C
manipulations to be used for each angle. a

Register assignments ars:

RO1 RO2° | RO3 RO4L RO5 RO6

INITTAL side b | side & |- —— —_— — | side a

FINAL side ¢ | side a |ang. A |ang. B |ang., C{side b

Interface procedure:

(1) Prestore a, b, and ¢ in assigned registers.

(2) Easure that flags O and 1 are not set.

(3) Execute PGM 11 A' ...returns with value of angle 4 in
display.

(4) Recall values directly as needed.

Normal use data:
Flags affscted: 0, 1, 2, & 3
Flags used: 0 & 1
Parentheses levels: 2
Subroutine levels: O
Special notes:
(1) Scientiﬁhnotation mode is not affected by this portion.

(2) Be-sure to select proper angular mode for input data.
(3) Labels B! and C' simply recall previously calculated results.
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S.A.S.:

This solution incorporates the SSS solution by reducing the problem to SSS.
The law of cosines is used to calculate the remaining side then control is
turned over to the SSS solution routins.

Register assignments are:

RO RO2 RO3 RO4 RO5 RO6

INITIAL gide b | ang. ¢ —— e —— | side a

FINAL side c | side a [ang. A | ang. B jang. A {side b

Interface procedure:

(1) Prestore a, b, and angle C assigned registers.
(2) Ensure that flags 1 and 3 are not set.

(3) Execute PGM 11 E ...returns with side ¢ in display.
(4) Recall or use values directly as needed.

Special notes: -

(1) See notes for SSS.
(2) Note that the value of angle C is destroyed during
processing.

S.S.A.:

This case incorporates part of the SAS solution. The SSA problem is
reduced to a SAS problem using the law of sines and the fact that the
sum of all angles equals 180 degrees (or pi radians or 200 grad.).
Then side ¢ is calculated from part of the SAS solution routine.

IMPORTANT: This solution neglects the fact that given side b greater
than side a, and angle A such that sin A is less than a/b, two solutions
exist. It calculates the triangle with the largest area.

ﬂa’
b b
Register assignments are:

RO1 RO2 RO3 RO4 RO5 RO6
INITIAL side b jang. A — — -== ] side a
FINAL side b | side ¢ -— | ang. B |ang. C | side a
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Interface procedure:

(1) Prestore a, b, and angle A in the assigned registers.

(2) =xecute PGM 11 D ...returns with value of side ¢ in
display.

(3) Recall or use other values as needed.

Normal use data:

Flags affected: 0, 1, 2, & 3
Flags used: 3
Parentheses lavels: 2

Special notes:

(1) Flag status is immaterial.
(2) Scientific notation is affected.
(3) The value of angle 4 is destroyed during processing.

£

-

Special applications:

(1) PGM 11 A' can be used to calculate the single angle C given
sides a, b, and ¢ in R06, RO1, and RO2 respectively. The
cnly register affected is RO3 where the answer is stored.

Set flags O and 1, ensure that flag 2 is reset.

(2) PBGM 11 E' resets flags 0-3.

(3) PGM 11 SER 063 or SBR 157 causes a total wipeout. '
(clears all program memory and data registers)

Comment:
Contrary to implication in M.L.M., it is not necessary to input
data in a specific order.

Addendum:

Normal use data for 34S is:

Flags affected: 0, 1, 2, and 3
Flags used: 0, 1, 2, and 3
Parentheses levels: 2

"What do you mean... you used your
calculator %o !'triangulate' our
position...... n

'SR-52 Notes V2n1P5
(only on printer)
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set
flags
0 &2

STO 06 RCL 05
( RTN ) RTN
! Lbl
ENG /
STC 01
y a-sbac
RTN | S|
-1
set cos N
flag O
Tla,
sST0 05 P—2<0 set
?
yes
Lbl
DsZ
STO 02 g
1 set
) \
RTN- no
@ STO 04
set
1
RCL 04 .
(C RTN )

STO 05
STO0 01

11

Compute
angle B

lsTo 04

Compute
angle C

STO 02
STO 05

Y]

set
flag 3

reset
| flags
0-3

Cem O

(RO6)2 + (RO1)? - (RO2)?

11

2(R0O6) (RO1)
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ML-11 Program L
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ML-12

TRIANGLE SOLJTION (2)

ML-12 compliments ML-11 by solving the remaining two types of triangles,
ASA and SAA. In addition, it calculates the area.

- A.S.A.:

Given two angles, the third is calculated from the fact that the sum of all
- angles equals 180 degrees (or pi radians, or 200 grad.). Then the two
remaining sides are calculated from the law of sines.

Register assignments arse: £

RO1 RO2 |. RO3 RO4 RO5 RO6 ROV

INITIAL | —= | == [{—— |ang. B|ang. G| —— | side a

FINAL side b | side ¢ f;ié. A{eng. Blang, C| —— side a

Interface procedure:

(1) Prestore B, C, and a in the assigned registers.

(2) Ensure that flag O is not set.

(3) Execute PGM 12 A' ...returns with value of angle A in display.
(4) Recall or use other data directly as needed.

Normal use data:
Flags affected: ncne
Parentheses levels: 1
Subroutine levels: O
- Special notes:
(1) No data is destroyed or moved during execution.
. (2) Be sure %o select proper angular mode to fit input data.
(3) If flag O is set, the only effect is that A' raturns with
angle B in display and resets flag O. Nothing else changes.
S.4.A.:

The data i1s reerranged to loock like the ASA problem then "unscrambled”
after using the ASA solution to find the unknown gquantities.

121
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Register assignments are:

RO1 RO2 RO3 RO4 RO5 RO6 RO7

INITIAL e —-— -— ang. A lang, C | -— side a

FINAL side b| side ¢ | ang. A | ang. Blang. C | -— sids a

Interface procedure:

- (1) Prestore A, C, and a in the assigned registers.
(2) Execute PGM 12 B! ...returns with value of angle B in display.
(3) Recall or use other data directly as needed.

Normal use data:
Flags affected: flag O

Parentheses levels: 1
Subroutine levels: O

- 1;”\"

Special notes:

(1) Be sure to select proper angulaf mode to fit input data.
(2) The location of angle A is changed during execution.

AREA:

The area is calcﬁlated directly via the formulas in the M.L.M.

Register assignments are:

RO1 RO2 RO3 RO4 RO5 RO6 RO7

INITIAL side b | side ¢ —— — —— — side a

FINAL side b | side ¢ —_— — — s side a

Interface procedure:

(1) Prestore values of sides a, b, and ¢ in the assigned registers.
(2) Execute PGM 12 C' ...returns with value of area in display and RO6.

Normal use data:
Flags affected: none

Parentheses levels: 2
Subroutine levels: O
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Special notes:

(1) Sides a, b, and ¢ are interchangeable.

(2) This is the only part of the program that uses RO6.

For ML-12:

Special applications: ‘

(1)

. - (2)
- (3)

Comments:
(1)
(2)

PGM 12 SBR 083 will recall register 03 if flag 0 is not set

or recall register 04 if it is set, then reset the flag.

PGM 12 SBER OP recalls register O4 and resets flag 0. (saves a step)
If the roots of a fourth order polynomial are O, a, b, and c;

then PGM 12 SBR 123 can be used to evaluate the polynomial

for any value in the display. Store the three non-zero roots

in RO1, RO2, and RO7. Note that RO6 is used to store the

input value. If the ignput is already in RO6, then use SBR 125.

-

Contrary to M.L.M., the law of cosines is not used in this
program. Input data need only be reentered for SAA calculations.
Inputs may be entered in any order.
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compute
le A

STO 03

compute
side b

STO O1

compute
side ¢

STO 02

recall
langle 4

STO 03

compute
angle B

STO 04

set

flag O

—

RCL 02

:

12-4

RN

Normally executed only
for SAA.

compute

STO 06

compute

area

STO 04

o
2
<

Ble

n
—
o
3

3

12
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ML-12 Program Listing
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ML-13

CURVE SOLUTICN

Although ML-13 is a relatively straightforward execution of the formulas
given in the Master Library Menual, it has a few minor programming flaws.
Label D! has an extra right hand parenthesis
and if called as a subroutine will complete
pending operations in the celling routine,
Also, flags O and 1 are set and reset simul-
taneously; & single flag would have been just
as effective and saved 8 steps (who said two
flags were better than one?). Input-output
ease leaves a lot to be desired. s

Joud Do wey jy
SOM‘TH;HG L‘.k g

NTiue o pAT
P%&fy&. . "

Register assignments are:

RO1: & (central angle in radians
RO2: (radius of circle)
RO3: s (arc length) S
RO4: ¢ (cord length)

Normal use data:
Flags used: flags O and 1

Subroutine levels: 1
Parentheses levels: 3

|

Interface procedure:

8,r input:

(1) Prestors 8 and r in RO1 and RO2 respectively. (04 8< T, r20)

(2) Execute PGM 13 Z where 2 is G!', D', E', or E for the
desired quantity. Returns with quantity in display only,
does not disturb any registers.

8,s input:

(1) Prestore 8 and s in RO1 and RO3 respectively. (0484 )
(2) Ensure that flag 1 is not set.

(3) Execute PGM 13 B! to get r stored in RO2.

(4) Go to step (2) of 8,r input solution.

(1) Prestore & in RO1 and with ¢ in display, execute PGM 13 D.
(0484w Note that this sets flags O and 1, and stores
¢ in RO4L.

(2) Go to step (3) of 8,s imput solution.
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Interface procedure (cont.):

r,s input:

Special notes:

(1)

(2)

Special applications:

(1)
(2)
(3)

(4)

(5)

Prestore r and s in RO2 and RO3 respectively. (r 2 0)
Ensure that flag O is not set.

Execute PGM 13 A' +to store 8 in RO1.

Go to step (2) of 8,r input solution.

E(’regto:;e r in RO2 and with ¢ in display, execute PGM 13 D.
r=0
Go to stap (2) of r,s input solution.

Contrary to M.L.M., in user instructions only A' or B!
must be executed first (if not inmput). The order of
c'y D'y, E', and E is immdaterial.

Steps 168-175 are essentially a repeat of label E and
could be replaced with E, saving a net 7 steps.

PN
B

PGM 13 C' evaluates (RO1)x(RO2).

PGM 13 SER 012 will recall the contents of RO1 and if the
display was less than zero, will flash said contents.

(T register must be zero)

PGM 13 SER 031 will return with the same value input if
the input is greater than or equal to zero, or will flash
the contents of RO2 if the input is less than zero.

(T register must be zero)

PGM 13 SBR 028 will return with the value input if the
input is greater than or equal to zero, or flash the value
input if it is negative. (note that RO2 is used)

PGM 13 B will perform the same function in addition to
reseting flags O and 1. 2

PGM 13 E will evaluate #(R01)(RO2)” a form which appears
quite often in formulas involving the physical sciences.
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Reset flags 0 & 1

¥

Clear T register

!

Store 8 in RO1

Y

Compute y = sin

yes
no

Create error state

Lbl ‘
EXC

Recall & from RO1

CEm

Store ¢ in RO4
Set flags 0 and 1

o

Reset flags 0 & 1

v

Clear T register

<

Store r in RO2

Create error state

Recall r ~

was
c

ves

Store g in RO3

input

no

Compute © = s/r
Store 8in RO1

GO

13-3

Lbl
ENG

Put into radisan
mode.

<

Compute 1, e
8 = 2sin™'( Ef)

%

Store & in RO1

A

RIN

13



was yes
c
input
no

compute r = s/8

A
Store r in RO2

GO

Compute 4 = Qr_z

2
CED

Lbl
NOP

A ¥¢

]

Put into RAD mode

y

Compute

a = $er® - #r2sing

Put into RAD mode

h

Compute
Y = 2sin(%8)

CE

CEEO

13-4
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ML-13 Program Listing
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ML-14

NCRMAL DISTRIBUTION

ML-14 is a rather straightforward execution of the formulas presented in the
Master Library Manual. Note however, that the error term € (x) is neglected in
calculating Q(x). Since in most applications the magnitude of x is less than 5,
the error should not be significant.

Register assignments are:

RO1 RO2 RO3

Hey THeReS NOTHING
WRONG WITH HeER
DiSTRI buTion !

INITIAL z(x) — b4

Foutt | ate) | & | 1/t |

#pfter computing Q(x).

Normal use data:

Flags used: flag 1
Parentheses levels: 2
Subroutine levels: O

Interface procedure:

Simply follow the user instructions...the program is too simple for
any fancy shortcuts.

Special applications:
In first order systems anslysis, the system response to a2 unit step
input frequently has the form:
PR = /m
e /T or 1 -e 4/
where t is some input fime and T is the time constant of the system.
PGM 14 SER 131 with the numerical value of the first form as an input

will return with the value of the second form if flag 1 is set, or
the same input if flag 1 is not set.

14=1



1

Reset flag 1 t=

1+ px

Store t in RO2

v
Compute Q(x

)*

x= x|

4
Set flag 1

Store x in RO3

<

1 Q=x) = 1 - Qx)

Z(x) T aa—

Varre® TN
y

Store 2(x) in RO1

BTN ¥For Q(x):

Qx) = (t‘*b5 - t3b4 + t2b3 - tb
+5,)(6) (2())
b5 = 1-330274429

2

by, = 1.821255978
by = 1.781477937
by = .356563782
by = .319381530

14=2
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ML-15

RANDOM NUMBER GENERATOR

ML-15 can be analyzed as thrse separate routines;one to calculate uniformly
distributed numbers on the range O
to 1, one for uniform distribution

on a user defined range, and one for HRE Leu SUKE THase
pormal distribution with standard FARE™RANDOM Numbezs
deviation and mean as user inputs. BouRE Trowine arT D

UNIFORM DISTRIBUTION:  (0-1)

Nermal use data:

Flags affected: none
Parentheses levels: 3

o S <»
Subroutine levels: none - mm\ < %
B I

T

Register assignments are:

RO1-RO6 RO7 | RO9
| INITIAL — — xn/seed Note: x, or x_ , are the
FINAL — 199017 X 1 new seeds, not the random
o number.

Interface procedure:
(1) Store a seed in RC9. (0 £ seed £ 199017)
(2) To generate mumbers use PCM 15 SER DMS sach time a number is
needed...returns with random number in display.

UNIFORM DISTRIBUTION: (A<N<B)

Register assignments are:

RO1 | RO2 | RO3 | RO4 | RO5 | RO6 | RO7 | RO8 | RO | R10 | R11

It | 0 | 0 f o | 0 | 0| 0 =] —| x| & | 3

FIML |2 |27 | o |2x |22 |s@¥| N | — | x| &4 | B

15-1
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Normal use data:

Flags affected: none
Parentheses levels: 3
Subroutine levels: 1

Interface procedure:
If the statistical functions are needed then:

(1) Prestore seed in R09, A in R10 and B in R11.
(2) Execute PGM 01 SBR CIR to initialize RO1-R06. (or PGM 15 E!')
. (3) Execute PGM 15 C for each number to be generated. Follow
user instructions for statistical information.

If the statistical functions are not needed, a considerable savings in
registers (and hence program stepss can be realized.

£
(1) Prestore seed in R09, A in RO8, and B in R10.
(2) Execute (RCL 08 - (CE - RCL 10) x PGM 15 SER DMS) for each
number to be generated. Note that this uses 16 program steps
and four consecutive registers for 16+(4)(8)=48 equivalent
program steps. By contrast, the sequence PGM 15 C uses 3 program
steps and 11 registers for an equivalent 91 program steps.
(3) If A and B are not variable, step (2) can be reduced to
(PGM 15 SER DMS x Q + P) where Q=A-B and P=A. This only uses
2 registers and 10 program steps for an equivalent 26 program steps.
. Az WPPER Li1mIT
Special applications: 8> towver L1T

(1) PGM 15 SER 048 evaluates (INT(input)/100,000).

(2) PGM 15 SBR 043 truncates the displayed number at 5 decimal
places.

(3) PGM 15 SER 026 displays the fractional part of an input,
truncated to 5 decimal places.

NORMAL DISTRIBUTION:
This case is entirely similar to the uniform distribution case. Replace
references to A with X and tc B with ¢¢ For the statistical version
execute PGM 15 C' for each number to be generated. For the shortened
version use either:

# ((RAD PGM 15 SBR DMS Inx x 2 +/-)Y¥ x RCL 10x (2 x W x
PGM 15 SBR DMS) cos + RCL 08) :

with ¢ in R10 and X in ROS.
#2 If o end % are fixed, in #1 replace RCL 10 with & and

RCL 08 with R to save two more registers.

Note that the "shorter versions" are only shorter if the freed registers
can be used to store other data.

15-2
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ok

generate

'

4

compute
P

15-3

15

STO 09

CED

PGM O1
SER CIR

CRn D

= a2

.- INT [1ooooo(xn+1)J
100600 n

N=(x,,)(B-4) + 4

P = o’VZl_n—(;.l_) cos(2Tuy) + X

A = lower limit

B = upper limit
a = 24298

c = 99991

m = 199017

o = standard deviation
X = mean

uq & uy: normslly distributed
random numbers.
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ML-16

COMBINATIONS, PZRMUTATIONS AND FACTORIALS

ML-16 computes combinations, permutations and factorials. Consult the
Master Library Manual for detailed explanation and appliceble formulas.
FACTORIALS:

Register assignments are:

RO1 RO2 RO3 RO4

e
-
-

INITIAL ||vT(r) || —

b
B
[ ==Y

FINAL Q —

Interface procedure:

With a known valid integer iﬂput, a gain of about one second in
reduced execution time can be made at the expense of length by
prestoring n in RO1 and 1 in RO4L then executing PGM 16 C. This
eliminates execution of label A. (RO2 and RO3 are not used)

Normal use data:

Flags used: flag 1
Parentheses levels: none
Subroutine levels none

Special notes:

(1) With the interface procedure given, the display must be non-
zero when PGM 16 C is executed, but does not have to contain a.
(2) If Q is prestored in ROL then the above interface gives the

cutput (Q)(a!).

PERMOTATIONS:
Register assignmenis are:
RO1 RO2 RO3 ROZ
INITIAL | [INT(2)]'| [T (2)| 2 1
FINAL s¥# ' 0 2 PER.

*s = |INT(n)| - hNT(rﬂ

16-1



PERMUTATIONS (coNT.)

Interface procedure:

With known valid integer inputs of n and r, execution time can be
cut approximately in half by prestoring n in RO1, r in RO2, and
1 in RO4, then executing PGM 16 D ...returns with value of per-
mitations in display and RO4. Note that RO3 is not used for this.

Normal use data:

Flags used: flag 1
Parentheses levels: none
Subroutine levels: 1

Special notes:

See notes for factorials. gi
COMBINATIONS:
Register assignments are: 'i
RO1 RO2 RO3 RO4
INITIAL || (a)| | {vE ()| | 2 1
FINAL s¥ 0 2 coM.

%s = |INT(a) |- |NT(z)]
Interface procedure:

With known valid integer inputs of n and r, execution time can

be cut approximately in half by prestoring n in RO1, r in RO2 and
1 in RQ4 then executing PGM 16 E ...returns with number of

combinations in display and RO4. Note that RO3 is not used for this.
Normal use data:

Flags affected: flag 1
Parentheses levels: none
Subroutine levels: 1

Special notes:

See notes for factorials.
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.Special applications:

(1)

(2)
(3)
(4)

(5)

(6)

'es

PGM 16 SER 119 will recall contents of RO2 if the input in
display is less than or equal to a prestored limit in RO1,
otherwise will give an error indication

PGM 16 SER SIN will recall the contents of RO4 and if flag 1
is set, flash the value.

PGM 16 SBR ¥ will display a 1 if flag 1 is not set or a
flashimg 1 if it is set. (uses RO4)

PGM 16 SBR 018 will return with the input value in display
if flag 1 is not set, or with the flashing contents of RO4
if flag 1 is set.

PGM 16 B' will check an input to see if it is an integer
value greater than or equal to zero. In any case, the absolute
value of the integer portion is stored in the register whose
address is in RO3. If the input was not an integer or was
less than zero, flag 1_is set.

PGM 16 D' evaluates #£04 = (RO4)(RO1)4& RO1 = RO1-1

@ he @

Pointer = R03 = 2 RO4 = n(RO4)
! o |
SBR B! n=n -1

C RN D)

create error state @
<4

CE

Recall r from
RO2

CED

16-3



Reset flag 1 and
set RO4 = 1

'

Pointer = RO3 = 1

Set flag 1 and
take absolute value

Store display via
pointer in RO3

is
display an
integer

Store integer part
via pointer in RO3

<

RIN

Recall n from RO1

y

ROL = n(Rozi

n=n-1

Store a 1 in RO4 |

I

GTO SIN

I

Flash contents of
RO4

|

164,
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ML-17

MOVING AVERAGES

ML-17 calculates moving averages. See the Master Library Manual for a
discussion of moving averages and the applicable formulas. Refer %o the block
diagram during the following discussion of program cperation:

Inputs are stored in n registers starting

with RO6.

On the first pass through the

data registers, the path labeled IFF is

followed for each input (flag 1 is not

set vet). EveR SiwE You \
CRAME RLON(r . Ncm&ES}

A% the o+t input, the pointer issreset to HAD Rugjmuo-ﬂb 00

6 and flag 1 is set. The path labeled T
is then executed for this and subsequent
inputs., Notice that the location of the
latest lﬂpﬂu moves down through the array
with sach pass. =

Register assignments are:

R01: pointer for storing current input
RC2: n

RC3: number of inputs up to n+1

RO4: sum of all inputs

ROS: current input

Wt P’\&

e Tow

RO6-R(n+5): last n inputs

Interface procedures:

(1)
(2)
(3)

With 2 known valid input for n (integer grester “han zero),
prestore n in ROZ.

Ixecute PGM 17 2' +to initialize RQ1, RO3, and R0, (also resets
flag 1)

Ixecute PGM 17 B for each input...returns with average in
display.

Normal use data:

Flags used: flag 1
Parentheses levels: 1
Subroutine levels: 0

17-1



Store current
input in RO5

is
flag 1

set

no

es

Increment counter

is
n GE
counter

no

Reset flag 1
Pointer = 6 = RO1
Count = 0 = RO3
Sum = 0 = RO4

G

Pointer = RO1 = 6
Set flag 1

Lbl

Recall current.
input and store
via pointer in RO1

y

™

Recall earliest
input via pointer
in RO1 and subiract
from sum.

Add current input
to sum and store
via pointer in RO1.
Increment pointer.

pointer = 6

Lbl

GE

AVE = SUM/n

Add current input
to sum in RO4 and
increment pointer

v

AVE = SUM/COUNT

y

17

Special applications:

(1) PGM 17 will check an
input to see if it is greater
than or equal to zero. If it
is not, then an error state
is created.

(2) PGM 17 SBR CE evaluates
~ (RO4+RO2)

(3) PGM 17 E!' resets flag

1, stores 6 in RO1, and puts
zeros in RO3 and RO4.

Lbl
X

Create error state

g

[
%

17-2
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ML-18

COMPOUND INTEREST

Despite a ccuple of minor faults, ML-98 is probably one of the most well
written and documented programs in the master library. It's good points are:

(1)
(2)

(3)

As for faults: "

(1)

(2)

Inputs are not ordered and

may be entered in any sequence.
The program is restartable; that
is, only those inputs which
change need to be reentered to
run the program again. Present
data is not affected by program
execution. z
The same user defined key is
used for inputs and outputs.

Note that nothing is gained by
making (RCL 04 < RCL 03) into a -
subroutine which is only called
twice by the program. To use

as a subroutine requires seven
"control instructions”; SBR SER,
SBR SBER, Lbl SBR, RIN. Adding
this to the seven steps to evaluate the function itself gives a total
of 14 steps, which is exactly what would be required to compute it
directly each time it is needed.

There are "gaps" in the register sequence used. In general it is a
good idea to keep register assignments in sequence.

Interface procedures:

Prestore the appropriate data for the unknown quantity according
to the register assignment table. ZIxecute PGM 18 <{followed oy
the user defined key for that unknown. Note that RO2, RO8, and
RO9 are easiest filled by PGM 18 E with %I in the display,
although sometimes not 21l three gquantities are needed for a
particular unknown.

Special notes:

(1) %I = percent interest

(2) i = interest in decimal form (%I/100)
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Register assignments are:

RO1| RO2 | RO3 |RO4 |RO8 | RO9 | R12 T () | smr
UNKNOWN reg | level| level
INITIAL | —| T | PV| FV | 4% | 141 | —— 0 |
N 2 1
FINAL N| T | ev| ev|i | 141 ] ——- 0
INITIAL | N | -—| PV| FV | | o= | —- 0
I , 2 1
FINAL N| | ev| Fv i | 1+]| — 0
INITIAL | N | I#|-—| 7V | 4% | 141 | — 0
PV 1 0.
FINAL N| 1| pev| Fv|s | 14| — 0
INITIAL{ N | I#| PV |-% | 1% | 14i | = 0
FV - 1 0
FINAL N| T | pev| P |1 | 1+i]| — 0
INITIAL | N | e | = | =2l 4 | 44i | e | o
S : 2 0
ol FINAL N| === 1 | 141 | (+0)N| —
( INITIAL| N | e o= | me | 4 | 14D | e | ——
1+i)S-| 3 1
o1 ronr N| e e o= | 4 | 141 | ()N —
INITIAL{ N | —=|—|o—= ] 1 | 141 | === | oo
am;i N 3 1
FINAL N|] ——|—|— ] i 1+ | (1+1)Y | ——-
(141) | INITIAL| N | emm | e | | L ] 141 | —= | ——
1+i)azy: 3 2
T oL | N | emm | e | — | 1 | 1+ | e0)Y] —

¥ Inputs which are stored or calculated while using ML-18
according to the user instructions but are not needed to find
the particular unknown and may be omitted while using the
interface procedure.

—— Not used or doesn't matter.
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Special applications: '
(ro9)FO 1 |
(1) PGM 18 A' evaluates and stores
201 ROS
(RO9) in R12.
RO9 RO1
(2) PGM 18 B! evaluates — 1| (RO9)™'- 1 and stores
RO1 RO8
(RO9) in R12.
;- (309)‘(R°1)
(3) PGM 18 C' evaluates and stores
RO1 Ro8
(RO9)™ " in R12.
RO9 -(01)
(4) PGM 18 D' evaluates —! i 1 - (RO9) and stores
20 ROS
(r09)RO1 in R12.
(5) DPGM 18 SER SER evaluates (RCL O4 + RCL 03) and returns
with result in display without affecting pending operations.
(6) PGM 18 SER lnx evaluates RO4
and stores it in RO3. . (ro9)ROT
(7) PGM 18 SBR CE evaluates (ROB)(RO9)RO1 and stores it
in RO4.
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INV
compute * Jes Lbl
I CIR
Store N in RO1 Compute FV/PV via
SER SER.
' J
CEmD
. 1n(FV/PV)
N = —m
Lbl In(1 + 1)
SBR : T
£ Store N in RO1
Compute FV/PV -
A
RIN

Store I in RO2.

A

Store i = I/100
in RO8 _

&

<

| Store i + 1 in RO9

Store PV in RO3
3 PV = FV/(1+1)N

Recall I from RO2 p
RTN b
p | Store PV in RO3 |

RIN
@ | CED

Compute Sgys3 via
sma ¥ = =100 + 100 o
Compute Sa. via = - - -
SER A1 OH L PV
T Compute (1+1)(Sgys)

am= (Smi)/(']'*'i)N RT’N

RTN
18-4



Store (1+i)¥ in
R12

Compute agi via
SER G

p

Compute (a'ﬁli) (1+1)

is
FV =20

no

. ";:"'\.'

4

RTN

Store FV in RO4

7 FV = PV(1+1)N

CED

b

Store FV in RO4L’

Clear T register

r

Fix display format
at 2 decimal places

RIN

A

RTN
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ML-19

ANNUITIES

ML-19 is second only to ML-02 in length and complexity. Overall, it is
a fairly well written program with the same goocd points noted for ML-18, upon
which it relies heavily for subroutines. For a discussion of annuities and
the applicable formulas consult the Master Library Manual.

Interface procedure:

The most efficient interface procedure will depend on the
particular problem at hand and the current states of flags 1-4,

the T register, and ROS.i

T register: '
The T register must always be zero when using ML-19., If all
the other conditions, for a particular problem are already met,
then a CP will suffice for initialization.

e
e T

Flags: S
One and only one flag must be set for a particular problem
according to the following table:

Sinking Fund: flag 1
Ann, Due/FV: flag 2
Ord. Ann./PV: flag 3
Ann. Due/PV: flag 4

The most efficient way to reset flags 1-4 if more than one is
set or it is unknown which is set, is to use PGM 19 E!, which
also clears RO5 and the T register. Then simply set the
appropriate flag instead of using keys A'-D'.

ROS: '
For 5, of the possible 18 types of problems, RO5 must be zero.
These are indicated in the table of register assignments. In
cases where RO5 is not used or where a non-zero balloon payment
exists, the contents of RO5 can be ignored for now.

Input data:
Prestore any data not already in the appropriate registers
according to the following list:

N: Use STO O1. Note that -N must be prestored

in R11 only for Ann. Due/PV interest
calculation. In this case, use PGM 19 A.

19-1
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e

Input data (cont.)

I: Use PGM 18 E, with I in the display,
to store I in RO2, i in RO8, and i+1
in RO9.

PMT: Use STO 03
PV/FV: Use STO 04
B.PMT: Use STO 05

Computation:
With a zero display, exscute the appropriate user defined
key preceded by PGM 19 ...returns with the value of the unknown
variable in the display and the appropriate register.

Display format:
For PMT, PV/FV, and B.PMT, fhe display returns in FIX 02
format. For I, the display returns in FIX 04 format. For N,
the display returns in floating decimal format.

Special Notes: :?

(1) For a discussion of the elght NOP's in ML-19 see the notes
for ML-02.

(2) Contrary to M.L.M., RO7 is not used.

(3) RO6 is used only when calculating I with a B.PMT involved.
(4) R10 is used only when calculating N.

(5)_ R13 and R14 are used only for calculating I.

(6) The reason for using sequences such as "Lbl A GTO 373"
is to speed up program execution. A label search can take
as long as two seconds, depending upon how far down in program
memory the label is, which results in a noticeably longer
data input time than if the labels are put at the top of
program memory and followed by absolute addresses. As an
example, notice the difference in time for executing labels
A and A' with a non-zero display. The label A sequence is
noticeably faster even though it is over three times longer!

Special applications:

(1) PGM 19 Z!' resets flags 1-4 and clears RO5 and T reg.
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Register assignments are:

(cont. on next page)

19

Problem | Unknown RO1|R02[RO3|RO4| RO5 |RO6|RO8|RO9| R10{R11| R12| R13| R14
type var.
INITIAL | ——{ I |PMT|FV [ O |==| i |1+i]| ==|-—| —=] | —-
N FINAL N|{T|pMr|FVv | O |—| i |1+i|used|-N | —| —==| ==
INITIAL| N |-—{PEMT|FV 0% oo |mem [ | e | aN# ] e | om | ==
STNETNG : FINAL | N | I |PMT|FV | O |-=—| i [1+i| -—-|-N |used |used lused
FUND orer INITIAL | N | I |——|FV | O |-—| i [1#i] —]-N#| o] ~oe| —=
FINAL N|I|PMILFV | O [-=-| 1 |14i| —|-N |used| ——| -—
INITIAL| § | I mel:- 0 |e==| i [1#i]| | N —=| —| —
o FINAL N|I|PMP|FV | O |===| i |1+i| —=]|-N |used| ——| ——
INITIAL| —~| I [PMT|FV | O¥ |—==| i [1+i]| =mm|omm| =—=| —=—| —
! FINAL N|I|PMTIFV | O |=——| i [1+i|used|{-N | ~==| ===| —
INITIAL| N |-——|PMT|FV OF oo |mmm fmme | e | N e | mem | o
ANN DUE " FINAL N|I|PMP|FV | O |-—| i |1+i| —|-N |used |used |used
T o INITIAL| N | I [==—={FV | O |e=—| i [1+i]| ——|-N¥| eme| ==m| -
FINAL | N | I {PMT|FV | O |===| i |1+i| ===|-N |used| —-] -—-
INITIAL| N | I |PMT|==—| O [|===| i [14i] === |-N¥| cme| —=| ——-
v FINAL N | I [PMT|FV 0 |=—]1i [M+i| =—]|-N |used| ==} —
INITIAL | «—| I |PMT|PV |B.PMT === i [14i| —=m|ome| wom| === —-
Y FINAL N | T |PMT|PV |B.PMT |—-| i |1+i |used|-N | ——| =—=| —-
INITIAL| N (-——|PMT|PV |B.PMT j=mm |=eme | | —mme | =N | o | e | ===
: FINAL N | I |PMT|PV |B.PMT |use| i |1+i| -—|-N |used |used |used
INITIAL| N | I |~—|PV [B.PMT || i [1+i]| «ee|{=N¥| eme| —-—| —
BD AW | FIE FINAL N | I |pME|PV {B.PMT|—| i |1+i]| -——|-N jused| ——| —
v INITIAL| N | I |PMT|———|B.PMT|——=| i |1+i| ==e|=N¥| wcom| === -
o FINAL N | I |PMT|PV |B.PMT|——| i |1+i| —-|-N |used| =~—==| -——-
INITIAL| N | I {PMT|PV | === |—=| i [1#1| mmm| N com] | —-
3.PMT
FINAL N| I |PMI|PV|B.PMP|—=| i |1+i| ——f N |used| —-| -— |
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Register assignments are (cont.):
Prcblem| Unknown RO1|RO2{RO3|RO4L{ RO5 |RO6|RO8|{R0O9{ R10(R11{ R12| R13| R14
type ver.
INITIAL | -—| I |PMD|PV ({B.BMT|—| & 14| —]-eo| —| —o| —
N
FINAL N | I |PMIIPV |B.PML|=——=| i |1+ijused|-N ——] =] ———
INITIAL | N |===|PMT PV |B.PMI| =w= || = | mmm| = | o] =] o
I
FINAL N | I |PMTIPV |B.PMT|use| i |1+i| —==|{-N jused|used jused
~ INITIAL | N | I |—-=|PV |B.PMT|-—]| 1 [1+i} ~—|-N#¥| o] ——| —
ANN DUE| PMT
FINAL N | I |PMT|PV |B.PMT|===| i |1+i] ===|=N jused| —==| ==
PV
INITIAL | N | T |PMT|—|B.fMr|—=| 1 |1#t] || ——=| —] —
Py e
FINAL N I |PMT{PV |B.PMT|—-| 1 {1+i| =—=—|-N [used| —=] —-
INITIAL | N | I |BMT|PV | —om lomm| & |14| —om| | oo —] —-
B-PMT "'.“'“’
FINAL N I |PMTIPV |B.PMT|===]| 1 {|1+i ]| =—=]=N |used]| ===| «=

#Values which are stored in the particular register during normal use
of ML-19 to find the given variable but which are not needed and can
The register can then be used for other

be omitted during interfacing.

data and will not be affected by use of ML-19.

~—=Not affected by ML-19 while finding the given variable if in "FINAL"
row or immaterial if in "INITIAL" row.
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VAL = PV or FV
depending upon the
specific problem.

(1+0)N - 1

A=
i
B= (4)(1+1)
(1+1)¥ - 1
= —m——
(1) (1+1)¥
D= (C)(1+1)

E=4,B,C, or D
depending upon the
specific problem

fix display format
at floating deci-
mal. :

f
store N in RO1
and -N in R11

no

yes

Recall i+1 from
RO9

R10 = R11 = PMT

:'\ +

PROD R11 -
PROD R10

recall VAL from
RO4L

form product:
(vaL) (1)

yes

<

R11=R11+{VAL) (1)

L

yes

R10=R10~(VAL) (1)
v

19

yes

R11= R11-(B.PMT)(i)

Y

R11=_1n(R11)-1n(R10)

GTO 378

In(1+1)

Y

recall N from R11

7| 3
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| PGM 18 SBER A' ¥

compute A via

compute B via

PGM 18 SBR B' *

b PGM 18 Ct #

compute C via

compute D via .
PGM 18 SBR D! %%

y

GTO 425 -

¥see formulas
elsewhere in this
section.

D) Be 6D B rCD BEr @D B e
-~ W N -

reset flags 1-4

Y

put display in
floating decimal
format & clear R0O5

¥¥ may be A, B, C,

or D depending upon

the problem

b 4

store PMT in RO3

1

hd

clear T reg.

fix display format
at 2 decimal places

9

RTN

RTN

19-6
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#eg

i

iy

R

m.;‘i‘.:.'i?ii

PRI

i,
4

Fe

compute D via
PGM 18 SBR D!

compute A via
PGM 18 SER A'

compute B via
PGM 18 SER B!’

compute C via
PGM 18 SBR C!

9

| compute C via

B.PMT =

(PV-(F) (PMT) ) £ 1+1) ¥

store B.PMT in

RO5 and fix display
format at 2 decimal
places

RTN

F =D or C depending
upon the specific

problem

E=4,38, G, orD
depending upon
the specific
problem

PGM 18 SBR C!
£ compute D via
. PGM 18 SBR D!
GTO 539
GTO 486
= E(PMT)+B.FMT
(‘H-J.)*q

GTO 501

19-7

| store VAL in RO
and fix display
format at two
decimal places
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RTN
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ML-20

DAY OF THE WEEK
DAYS BETWEEN DATES

ML-20 determines the number of days between dates afiter the year 1582
and the day of the week for any

date after 1582.

Program execu-

tion is based on the formulas o~ e

Manual.

Interface procedure:

If known valid dates are 7
to be input and the form <
MMDD.YYZY is pnot desired

then:
(1)

()
(3)

(4)

given in the Master Library

=" _>
i i

Prestore month (MM) in RO1, day (DD) in RO2, and year (YYYY)
i-n ROB- e

Execute PGM 20 SER 086 ...rsturns with "factor" in display.
Store factor for the first date in an aveilable register and
repeats steps (1) and (2) for the second date.

Subtract the two factors to get the number of days vetween
dates.

If the day of the week is desired for s known valid date and the form
MMDD. ¥YYY is not desired then:

(1)
(2)

Prestore month (MM) in RO1, day (DD) in RO2, and yeer (TYYY)
in RO3.

Execute PGM 20 SER 086 (( SBR 177 ...returns withk the numeral
corresponding to the day of the week as given in M.L.M. Note
that the factor for the date is stored in RO1. If pending
cperations do not exist in the calling routine, the ({ may Ye
omitted.

Normal use data:

Flags affected: none

Registers used: 1-5 A mO THE [‘aeg )

Parentheses levels: 3 unless label D is used, 5 if it is used.
Subroutine levels: 1

Special applications:

PGM 20 C evaluates (RCL 05 - RCL 04) without affecting pending
operations.
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Y

@ no

yes
Store MMDD.YYYY
in RO1
compute S |
£ Lbl P = YYYY.
i .
Take fractional P = YYYY.-1
part (.YYYY) create error state §s=0
A
Subtract from (CRTN D)
MMDD. YYYY !
9 .
Convert .YIYY to o Compute U, then
YYYY. and store A : e factor =R + S + U
in RO3 :
Ccmpute factor 1 1
via SBR E! and & - RIN
is es | store in RO4

7YY LE 1581
-
no RTN }‘iEii’

Put 32 in T reg.

h

Store MM. in RO1
and DD. in RO2

h
Compute factor 2 (C RIN )
xes .| via SER E' and
store in RO5
20 s = -INT [.4 (1) + 2.3]

compute V
(day of week)

@D f

A
Put 13 In T reg. (_RTN )
and recall MM. R = 365(TYYY) + DD + 31MM - 31
from RO1
@ U = INT(22)-INT [L 75+. 75T (/100 ]
w , V = Factor + 7INT [-Factor/ﬂ
yes
= Compute (factor 2
- factor 1)
compute R »

%;
2
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ML-21

HI-LO GAME

The HI-LO game should have been called the HI-BYZ game since it quickly
becomes boring. (The old luner lander game in the SR-52 master library was
much more interesting.) -

As a synopsis, when the user guesses
a number, the calculator uses the random
number generator in program 15 and an
input seed to generate a number from
1-1023. The user then inputs a guess
from which the calculator computes an.
error of which the sign determines ¢
whether & 1 or a -1 is output. (Note
that OP 10 would have been much "clesner.!)
When the user guesses the exact number a
flashing zero is displayed and the number
of guesses can be recalled.

I AFraio
His BarTeries Aga

If the calculator guesses, its first
guess is always 512, which splits the
possible range in half., If the user
indicates that 512 is too low, it then
sets the new range as 512-1023 and splits
the difference with 2 new guess. This procedure of reduction by halves is
repeated until the number is "guessed" Note that the calculator never takes
more than 10 guesses to pinpoint the number.

Normal use data:
Flags affected: none
Parentheses levels: 4
. Subroutine levels: 1
. Registers used: RO2, RO3, RO4, ROS, RQ7 and R09
Special notes:

Contrary to Master Library Manual, register 01 i1s rot used but
register 07 is. (by PGM 15)

Interface procedure:
Can't imagine why you'd want to but if you do, simply follow the
user instructions and precede sach user defined key with PGM 21;

except for labels D and A where you can use CE RCL 04 and STOC 09
respectively.
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®

Store seed in RQ9

D

Initialize range
(9 STO 02)

b

Display 512 and
advance printer

Generate random
number QO-=1 via
PGM 15 SBR DMS

4

Convert number to
range 1-1023 and
store in RO3

l £

Make guess nega-
tive

A

+

Initialize

counter with O

@ f

Decrement range

Increment counter
and compute srror

<@

13
o
[9]
3]

(&3]
H
o
§
o
b

Lol
ot

Compute score
10 - range

Clear arror state
and recall counter

RIN
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ML-22

CHECKING/SAVINGS ACCOUNT MAMAGEMENT

ML-22 is a prime example of how to make an easy job hard and waste a lot
of memory space (i.e. program steps) doing it.

The call to PGM 18 B at step 059
stores %I in R02, i in RO8, and i+
in R09 (i = $I/100). The i in RO8
is not used at all and the i+1 in RO9
is used only once. The sequence
PGM 18 B plus the registers used to
store i and i+1 results in a total
minimm of 2(8)+3 or 19 equivalent ;
program steps. By contrast, the '
sequence STO 02....(RCL 02 = 100 +
1)... 1is only a meximum of 12 st teps.

The call to PGM 18 A at step 066
simply stores N in RO1. The sequence. .-
CP PGM 18 A is obviously longer than
simply STO 01, and considerably slower.

The cail to PGM 18 SBER CE at step
074. calculates:

N
FV = PV(1+i) "But I can't be overdrawn....my
calculator says I still have
but reguires that data be moved from $314.15 in oy account....”

RO6 to RO3 and PGM 18 uses RO4, which

results in wastlng two more memories.

Thus, 2(8)+9 gives 25 equivalent steps versus 18 steps for ...(RCL 06 X (RCL 02
+ 100 = 1) 7 CRCL 01).... Note however that 10 of these steps were previously
considered when 1+i was calculated. To summarize, the program has callsd another
program three itimes and used the equivalent of 48 program steps to do what could
be done directly with 22 steps.

4 more subtle fault is the use of both a pointer and 2 flag for routing

data to and from only iwo memories. Note the difference :etween labels £ and
!

It, ZIZ! uses 18 steps and a register to do the opposite of what T does in 13
steps.

Lavel A is used only to access label E'. It would have been better o
simply call the label Z' routine A, thus saving 3 steps and a subroutine level.
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Register assignments are:

RO1: Number of periods (N)

RO2: Interest rate (%) per period

RO3: Savings balance before compounding (PV)
ROL: Savings balance after compounding (FV)
RO5: Current checking balance

RO6: Current savings balance

RO7: Interest rate per year (%I)

RO8: Decimal interest rate per year (i)

RO9: i+1

R10: Balance pointer

Interface procedure:

To interface the entire program with another would require that
registers 1-10 be reserved (equivalent of 80 program steps) and
would need 3 steps each to access 9 user defined keys, for a
total of 107 equivalent program steps.

By contrast, the following program is much easier to understand,
uses only 71 program steps and 4 registers for an squivalent 103
program steps. It 1s functiocnally equivalent to ML-22 with <he
exception of display results after executing 4' or B'. It should

be easier to expand or modify for personal needs than to try and
interface MI~22 with program memory.

ooy Fe LEBL | 013 32 WiT L35 Fe LEBL | 0S4 1% D
ool 11 A | O1% 43 RCL|G3T 18 AL | gS35 2z IWV
Qo2 T3 ORCce | 02D 01 Of o=z O3 3 0Se 4% PRI
Qo3 04 09 | 021 43 vywo o 033 42 3TOD | osF 0 o1 o
04 32 RTH | 022 22 #iT {080 04 Q4153 43 ROL
nS e LBEL | 023 0S4 » [ 041 32 BETH I 0Se 01 Ot
aoe 1T C | 034 43 PRD| 042 e LEL | 0sd 22 ®IT
Qo7 22 INW | 025 02 02| 043 1V B |ost of L
05 Fe LBL [ 086 23 RCL [ Os4 Uz = tgez Q0 O
0% 1@ B [ 03T 02 02043 42 3TO | o3z Q0 0
G100 T4 SMe | 023 32 RTH | 048 U4 04| pgg 22 IHY
nt1 04 04 | 023 Te LBL LO47  FE RTH ) Qe 43 PRI
012 72 RCs | 030 1S E [ 048 78 LEL | es 01 O
Q12 04 04 | 931 T2 5T+ | Qe% 1o L aET 3D T
A4 32 RTH | 032 04 04050 42 370 gsg &% OF
Ols & LEL | 033 S8 FIw |08y 01 9l |ges 21 22
Q15 14 O | 034 02 02 [ 052 52 RTH | G702 RTH
Q17§53 0 | 335 32 RTM| 033 e LEL

Special application:

PGM 22 T will store the imput in R06 if flag O is set or ROS
if it is not set.
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Set flag O

9

Fix display at

2 decimal places.

)

| ﬁ

Clear T register

h

Store N in RO1
via PGM 18 A

Y

Recall savings
balance from R0O6
and store in RO3

[
nglear T register 1

A

Compute ¥V via
PGM 18 SBR CE

A
Store new savings
balance in R0O6

o

Lbl

6

pointer

Lbl

SUM

Compute interest
rate per period

1

Store pointer in
R10

Clear T register

Y

Y

Recall balance via

Store %I in ROZ2, i
in RO8 and i+1 in
RO9 via PGM 18 B

pointer in R10

(RN )

RTN

Store checking
balance in R05

CEO

Store savings bal.
in RO6

Store %I in RO7

O
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ML-22 Program Listing
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ML-23

DMS OPZRATIONS

ML-22 does simple arithmetic operations (+,-,x,+) on aumbers in dd.mmss
format. Since the program structure is so simple, no flowchart is needed
and explanation of the coding appears with the program listing,

Normal use data:
Registers used: RHO1

Parentheses levels: 2  (contrary to M.L.M. Appendix 4)
Subroutine levels: none (contrary to M.L.M. ippendix &)

terface procedure: £

P

Simply follow the user instructions in the M.L.M. and preceds
each user cdefined key with "PGM 23".

Special notes:
(1) ML-23 leaves the display in fix 4 format.

(2) The "rounding" portion of the program actually only increeses
the magnitude of the decimal form of the answer by ,0CCO1
vefore conversion back to dd.mmss format., It is apparently
intended to keep the display from showing either 60 minutes
or 40 seconds.

For exampls, downlcad PGM 23 with "PGM 23 CP 09" and delete
the "rounding" routine, steps C10-024. After nitting AST

to mzke sure you are using the medified program, run example
T in the M.L.M. and note that the displayed result 11.1960
instead of 11.2000 as with the original version.

This is not fail-safe though. Using ML-23 according %o the

user instructions, divide 16.3958 oy 30 and note that the
result is .1560.
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ML-23 Program Listi

- -, - - .
LR )
it LR
[RE RIS Pl
N
- e ‘- e’
T >3
1 ot o
N =
LR
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i 1
dide i
- -
R =
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W 14
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013 33
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P

oy 4

e

Ind

=

0

e

Set up addition or subtractisn

¢ in decimal degrees.

< Completes pending operation.

£
< Rounding routine (see special
notes).

,

Converts decimal format hack
to dé.mmss format and fixes
the display at 4 decimal places.

LY Y PO

Set up for mulitiplication by
a scalar,

DO 0N SOOI S Y [ IS | [ SO )

e

Set up for division oy 2

4——__.__—————Ec£m:.

Input the {irst operand and

4——_—.__.—_—————“convert to decimal form.

23



b

e

v,.‘
WKt e
g

o
R

g,

¢ 4
1

SN
TR

i)

ML-24 , ML-25

UNIT CONVERSICNS

Both ML-2Z and ML-25 are essentially mechanizations of the general
formula:

7=k where k is some conversion
constant

Note %hat if y = lx then 1/x = (k)(1/7).
Thus the same routine can be used for conver-
sions in both directions by teking the
reciprocal of inputs and outputs.
'
Normal use data: :

Parentheses levels: 2
Subroutine levels: 1

Interface procedure:

Simply follow the user insiructions
in the M.L.M. and precede sach user
defined key with "PGM 24" or "PGM 25".

Special note:

The GTO A which ends PGM 25 has no
functional usags in the program. It
is apparently there %o keep a R/S
after exescuting label I' from *trying
to execute past step 123.
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APPENDIX A

REGISTERS VS. PROGRAM MEMORY

The owner's manual is very orief in its discussion of the tradeoff
between program memory and data registers. In actuality, sach register
corresponds to a specific eight steps in program memory. Ior exampls,
with the 59, R70 corresponds to steps 392-399. This relationship is
fixed. When the 58/59 partitioning is set what you are actually doing is
instructing the calculator fto treat a certain section of its total
memory as data registers and the rest as program memory.

First let's consider what happens if you only need 24 data registers
ané no more for a specific program. JThis means that to use say R00-R23 you
must repartition for a minimum of 30°data registers, which if you have 2
59, leaves you with 720 program steps, 000-719. The following discussion
is concerned with the 59 but applicable to the 58 keeping its memery
size in mind. Note from the included table for 59 register vs. program
memory assignmen®s that ROC-R23 correspond to program steps 768-959.

This means that you are wasting 48 program steps, 720-767. Now if you
oaly have a 500 step pregram to vegin with, you probably will not be

too excited about the waste of 48 steps. But what if you've dcne svery-
thing you can think of to iry and cram a 750 step program into a 720 step
partition with the exception of pulling cut what is lsft of your hair by
this time? Well, there is a sneaky way to get around this problem and get
an "effactive" partition of 767.23. T.I. is very careful not to point out
that repartitioning is possible under program control as well as frcm the
keyboard. When you need to access R20-R23 you must be below step 719.

Put 3 OP 17 into your program %to rspartitica %o 719.29. Now you can use
R20-R22, Note however, that the portion of your program which now
"resides" in R24-R29 (steps 720-767) is ncw vulnerable to overwrite by
memory operations so be careful where you put your data! Your program is
also restricted to cperating in steps C00-719. When you need to run the
portion ¢f your program above step 719 but below step 768 (where R23 starts)
Shen use 2 CP 17 to repartition to 799.19. But acte that R2C-R22 ars now.
inaccessible as data registers and zny data they might contain now forms

a "program" in steps 768-799 which may give some very strangs resulis il
you iry to run it!

Incidentally, i% is a2 good idea tc record 21l your programs on the
59's magnetic cards in the default pertizion of 479.59 and let the program
repartiiion itself to the proper mix. This sliminates the prcblem of
irying %o read a card in one partition that was recorded in another, or
the need to manually repartition before reading. Don't ferget thocugh %o
have it repartivicn tack to 479.59 when it's through running.
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Now that we've introduced the idea that numbers put into data registers
can be seen as program after repartitioning, and vice versa, let's take a
closer look at the details. The mechanics are easiest explained with a

specific example:

(1)
(2)

(3)

Again, assuming a 59, partition to 159.99 with 10 OP 17.
Mltiply pi by 1 X 10 to the -15 and store the result in
R99 L]

Repartition to 479.59 with 6 OP 17 and examine or list
steps 160-167. They should look like:

160: 54

161: O1

162: 59 .

163: 53 (you!ve actually created 3
164s 26 pseudos at this point but
165: 59 that's a different story
166: 41 ...see Appendix B)

167: 31

z
String these all together starting from the bottom to get
3141592653590154. It may or may not be obvious that the
first 13 digits are the number pi. The next two are the
exponent. The last is a sign digit which takes on the
values: DL

Mentissa  Exponént  Sigm digit

by o+t

P+ +
[F N SN e

In general, for a block of eight steps representing a data register,
if we assign the following letters to each step:

op

MN The number in the register is:

K . NO

IJ A.BCDEFGHIJKIM X 10

GH

EF with the signs determined by P as
CcD previously given.

4B

Note however, that when you store a number in a data register, position P

can only be 0, 2, 4, or 6. If you put a two digit instruction code in P

and position P is not not one of the allowed digits, then when you try

to recall the "number" from the correponding data register, 1, 3, 5, or 7
transfers to the display register as 0, 2, 4, or 6 respectively. 4in 8

or 9 for digit P sets an overflow error state. There is one more complication

to be aware of.

If there are any leading zeros in the sequence ABCDEFG...

then the displey register shifts the digits to the left until A is non-zero.
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- TI-59 Register vs. program memory assignments
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APPENDIX B

PSEUDCS

Qut of a possible 100 two-digit instruction codes, the 58/59 has 92

which are

a

acknowledged by T.I. as valid. (These are the cocdes for the

keyboari functions, not to be confused with the 40 special op codes

. which may follcw an CP keystroke.) The remaining 8 codes have been
dubbed "pseudos" and sxploration of their functions is still a majer

. frontier. |

These codes are 21, 26, 31, 41, 46, 51, 56, and 82.

Creating pseudos:

g Pg82;: HIR:

-

|

Pseudos may te synthesizeégin program memory via the ¢erging
featurs of the 58/59. For ekample, to create P31, in'LRN mode
key 3STO 31 then delete the STO.

The printer assigns a certain OIS
mnemonic %o sach pseudo as appears UL e
%0 the right. S s 3l
03 41
a0d 48
oS 5
P82 is a very useful pseudo gos Se
which gives access %o 8 internal ony 2z

registers dubbed HIR1, HIR2, stc. :
The sequence HIR MN operates on a HIR register as follows:

e HIR register o be accessed, 1-3.

"N" is thi
s the operation desired according to the list:

e 4
STO: O PRCD: A
RCL: 1 INV SUM: 5
SUM: 3 INV PRQD: 4,7,8,0r%

Note that MN may be synthesized the same way that the pseudo
was or i1I the reacder is familiar with the instruciion :zode
Tersus keystroke 1ist, the particular keystrcke that gives the
Zegired MN may oe used.

The IR registers are normally used er:

(1) Nested arithmetic operaticas:

First operand zoes iantc HIR1, second into HIR2, etc.
(2) P/3 and INV 2/R:

Uses first two availabls znd #ZIR7 and TR8.
(3) D.MS and INV D.MS:

Uses first two availaple and IIR8.

-

The author uses the Iterminology adopted oy 32 Notes. (see Forward)
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(4) T+ and 3- :
Uses HIR7 and HIRS.

(5) =:
Uses first available HIR.
(6) OP codes:
OP 11: First two available
0P 12: First three available
0P 13: First four available
OP 14: First three available and HIR8
OP 15: First three available

HIR registers are not affected by CIR or CMs. HIRS 5-8 can be
clearsd by OP 00 if the 58/59 is connected to a PC-10CA.

P31: IRN:

P31 will cause the calculator to.go into IRN mode when
encountered during program execufion. It is a very useful
prompt for adding function subroutines, for example, those
like are needed by ML-08 or ML-09.

P21; 2ND:

£ P21 is followed by SIN, COS, or TAN the calculator "crashes"
(will not respond to keyboard commands to halt.)

Not much is known about these pseudos at this time. The author
would be very interssted in hearing about any significant
results from exploration by the reader in this area.
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