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CALCULATOR HAVING MERGED KEY CODES

BACKGROUND OF THE INVENTION

Electronic calculators are currently available for
producing a wide variety of mathematical and manipu-
lative operations formerly performed only by larger
computers. The development of these calculators has
been due in large part to the development of large-scale
integrated circuits which have enabled calculator de-
signers to implement a large number of computing cir-
cuits into very small packages. With this reduction in
size of calculator components, many hand-held elec-
tronic calculators that perform sophisticated mathemat-
ical functions have become available. The number of
functions that can be performed by hand-held calcula-
tors is usually limited by the number of keys that can be
conveniently placed on the keyboard, rather than the
number of the functions that can be performed by the
circuitry inside the calculator, since a keyboard must be
sufficiently large for a human operator to conveniently
actuate the keys. Some calculator designers have allevi-
ated this problem by providing a shift or prefix key that
enables one or more of the other keys on the keyboard
to initiate more than one calculator function. Examples
of such calculators are the Hewlett-Packard Models 45
and 80.

A number of electronic calculators available today
not only have the ability to perform sophisticated math-
ematical operations but they are programmable as well,
enabling the calculator user to store a program of ma-
nipulative operations for later utilization. Programma-
ble calculators often store such programs as a sequence
of coded instructions usually called words or key codes.
The storage memory usually has a given number of
fixed-length positions in which these key codes can be
stored, and the complexity of the programs the calcula-
tor can execute is often limited by the length of the
program storage memory.

The stored program in a hand-held, programmable,
electronic calculator usually comprises a series of key
codes in a memory that correspond to the sequence
keys a user would depress if he were performing the
program manually. If some of the steps in the program
comprise functions that are accessed from the calcula-
tor keyboard by first using a prefix key, then the pro-
gram will have to store the prefix instruction as well as
the instruction for the mathematical operation. If the
program includes a significant number of such functions
requiring the use of the prefix key, then a significant
amount of the program storage space may be used up
with the prefix instructions.

SUMMARY OF THE INVENTION

It is an object of this invention to reduce the amount
of storage space required in a programmable, electronic
calculator by multi-key instructions.

In accordance with the preferred embodiment of the
present invention means are provided for generating a
single key code, herein called a merged code, for each
of several functions requiring a prefix key and a func-
tion key to initiate the function. A portable, program-
mable, electronic calculator may have, for example, 35
keys on its keyboard. A unique key code in the form of
a binary number is usually assigned to each key and thus
a calculator having 35 keys requires a six-digit binary
code to uniquely represent each key. However, six
binary digits can represent up to 64 unique combina-
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tions and a calculator having only 35 keys thus has 29
spare or unused key codes. Some or all of these spare
key codes can be used to represent those functions that
are accessible from the keyboard only by first actuating
a prefix key. When the calculator is being programmed,
each key code is entered into the program memory after
the corresponding key is depressed. When a prefix key
is depressed, a flag is also set in a status register in the
calculator. If the following key is one that may be both
validly prefixed by and merged with the preceding key,
the flag in the status register causes the calculator to
replace the previously stored prefix key code by a
merged key code representing both the prefix and the
subsequently depressed key. The merged key codes
thus save program memory space by storing only a
single code representative of the desired operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a calculator accord-
ing to the preferred embodiment.

FIGS. 2 and 3 show a flow chart of the operation of
the preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 is a block diagram of a programmable, elec-
tronic calculator 10 having a keyboard 12 with keys for
entering numbers and initiating the performance of
various mathematical and manipulative operations.
Keyboard 12 is connected to a keyboard encoder 14
which generates a binary code for each key that is de-
pressed. Since keyboard 12 has 35 keys, a six-digit bi-
nary number is used to represent each of the keys. Illus-
trative examples of key codes, expressed in octal form,
are shown in Table I. The keyboard and encoder may
be implemented, for example, with an array of single-
pole, single-throw switches, each switch being actuated
by a key and being connected to a common diode en-
coding matrix or other wellknown encoding structure.
A keyboard buffer 16, connected to keyboard encoder
14, is a six binary digit (bit) shift register that stores the
most recently generated key code. Key codes are subse-
quently transferred from the keyboard buffer to other
elements in the calculator. A read-only memory (ROM)
22 contains instructions in binary form for the perfor-
mance of the various calculator functions and these
instructions are addressed or initiated by the binary key
codes. Central processing unit (CPU) 20 performs the
mathematical and control operations programmed in
ROM 22. Results of keyboard entries as well as the
manipulative operations performed by CPU 20 are dis-
played in a display 26 connected to CPU 20 by display
decoder 28. The operation of such a ROM and CPU
along with a keyboard display and associated compo-
nents is described in detail in a patent application by
Francé Rodé, et al., entitled “Improved Business Calcu-
lator,” Ser. No. 302,371, now U.S. Pat. No. 3,863,060
filed Oct. 30, 1972 and assigned to the assignee of the
instant application, and also in the Hewlett-Packard
Journal, June 1, 1971, pages 1 through 9.

Calculator 10 includes a read-write memory 24 that
can store key codes from the keyboard, enabling the
calculator to be programmed to perform mathematical
and manipulative functions by storing key codes in the
memory and initiating the recall of those stored key
codes from the memory. Keyboard buffer 16 is con-
nected to a read-write memory buffer 18, as well as
CPU 20, and ROM 22, and the read-write memory
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buffer 18 is connected to read-write memory 24. The
memory buffer 18 may also comprise a six-bit shift regis-
ter, similar to keyboard buffer 16. Memory buffer 18
stores information which is to be transferred into or out
of read-write memory 24. Calculator 10 is provided
with a PROG/RUN switch 30 connected to CPU 20 by
line 31 which enables the read-write memory to either
store information from the keyboard or read out stored
information to the CPU and ROM. When switch 30 is in
the PROG or program position, execution of instruc-
tions corresponding to depressed keys is inhibited and
the key codes are entered into the memory buffer 18
from keyboard buffer 16 and then into read-write mem-
ory 24. When switch 30 is placed in the RUN position,
functions corresponding to the various keys will be
executed when those keys are depressed. Programs
stored in read-write memory 24 may be executed in Run
mode by depressing a program initiation key.

In the illustrated embodiment, programs may be
stored in the read-write memory and later initiated by
actuating a Run/Stop key, R/S, or any one of the keys
labeled A through E. The A-E keys facilitate the stor-
age and recall of several different programs and subrou-
tines in a single read-write memory. To store a program
that will be recalled by depressing key A, the user
switches PROG/RUN switch 30 to PROG, depresses
the LBL key and then the A key. Next, the user actuates
various keys on the keyboard in the order the functions
are to be performed in the program. The last key in the
program is RTN, which causes the calculator to return
to the manual mode after the program has been exe-
cuted and functions much as an END statement in a
computer program. Further description of the compo-
nents and operation of a programmable calculator, as
described above, may be found in a U.S. Patent Appli-
cation by Thomas E. Osborne, et al., entitled “Calcula-
tor Having Pre-Programmed User Definable Func-
tions,” Ser. No. 419,153, filed Nov. 26, 1973, now U.S.
Pat. No. 4,037,092 and asigned to the assignee of the
instant application and in a U.S. Patent Application by
Robert E. Watson, entitied “Improved Programmable
Calculator,” Ser. No. 153,437, filed June 15, 1971, now
U.S. Pat. No. 3,859,635 also assigned to the assignee of
the instant application.

As previously mentioned, some of the functions per-
formed by calculator 10 require the depression of a
prefix key before the function can be initiated or pro-
grammed. For example, to take the logarithm (log) of a
number, the “f’ key must first be depressed and then the
“8” key. These two key strokes will instruct the calcula-
tor to take the natural logarithm of a number already
entered into the calculator. If only the “8” key were
depressed, the number eight would be entered into the
calculator rather than initiating the logarithm function.
Similarly, to take the antilog of a number, the “f~!" key
is first depressed and then the “8” key is depressed.
Similarly, the absolute value of a number may be deter-
mined by first depressing the “g” key followed by the
“6” key. Two other prefix keys are also shown, STO
and RCL, which are used for storing and recalling
numerical constants. A number may be stored in any
one of nine registers by entering the number and then
pressing the STO key followed by one of the digits 1
through 9 to designate one of the nine storage registers.
That same number may be recalled by depressing RCL
followed by the digit key indicating the register in
which the number is stored.
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When a program is stored using any of the foregoing
operations, two key codes must be stored: the prefix key
code and the function key code. Thus, two positions in
read-write memory 24 are used to store the instructions
for a single operation. If a number of these functions are
used in a program, a substantial amount of limited stor-
age space will be used up with the prefix key codes. The
amount of space used up by prefix key codes may be
reduced by assigning some of the unused key codes (i.e.,
the key codes not assigned to the 35 keys on the key-
board) to a combination of a prefix key and a function
key so that only a single position in read-write memory
24 is used to store the merged code for an instruction
requiring two key strokes. These merged codes can be
generated by checking each key code to see whether a
prefix key has previously been depressed and, if it has,
whether that key is one for which a merged code exists.
If 2a merged code does exist, that code will be generated
in response to an instruction from ROM 22 and will be
inserted into memory 24 via CPU 20 in place of the
prefix and function key codes. By way of example,
Table I lists the functions, their key codes and corre-
sponding merged codes (in octal form) used in the illus-
trated embodiment.

TABLE I .
Function Key Codes Merged Merged Code
STO 1 13 04 61
STO 2 " 03 60
STO 3 " 02 57
STO 4 " 24 01
STO 5 " 23 55
STO 6 " 22 05
STO 7 " 64 45
STO 8 5 63 65
RCL 1 12 04 41
RCL 2 " 03 40
RCL 3 " .02 37
RCL 4 " 24 27
RCL 5 " 23 35
RCL 6 " 22 25
RCL 7 " 64 20
RCL 8 " 63 17
gXFY 10 56 07
gx =y " 54 67
ExX=Y " 53 31
gxX>Yy " 52 51
gx=y "’ 64 21
gR % "’ 63 15
gR " 62 11
g NOP " 04 00
g LSTX " - 44 74

FIGS. 2 and 3 show a flow chart of the ROM pro-
gram used to check for key codes to be merged and to
generate the merged codes. Until a key is depressed, the
calculator remains in an idle status, 50, and the key-
board is cleared. When a key is depressed, the key code
is entered into the keyboard buffer 16 and the read-
write memory buffer 18 and that key code is used to
establish an address in ROM 22. That address location
in ROM 22 initiates the program starting at decision
block 52 in FIG. 2. If the calculator is not in the Pro-
gram mode, that is, if it is in the Run mode, the calcula-
tor checks to see whether the key is one that can be
prefixed. If the key cannot be prefixed, the calculator,
then checks at block 56, to see if the key is a prefix. If it
is not a prefix, the instruction corresponding to that key
code is executed and the calculator then returns to the
idle status. If the key is a prefix, then a prefix status is
established in a status register 32 connected to CPU 20,
overwriting any previously established prefix status.
The status register may be, for example, a five-bit shift
register with one bit for each of the prefix keys. After
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_the status is set, the calculator returns to the idle status
awaiting the depression of another key.

If the key depressed can be validly prefixed, the cal-
culator checks to see if the key is prefixed, at block 58.
If this key has not been prefixed, then the instruction
corresponding to the depressed key is executed. If the
key has been prefixed, the merged code routine, de-
scribed below, is initiated.

The previous paragraph discussed the operation of
the calculator in the Run mode; if the calculator is in the
Program mode, the calculator then checks whether the
depressed key can be prefixed, at decision block 60. If
the key cannot be prefixed, the calculator checks, at
decision block 62, whether the depressed key is a prefix.
If the key is a prefix, prefix status is set in status register
32. The key code in the memory buffer is inserted into
the read-write memory and calculator returns to the
idle status. If the key was not a prefix, then the instruc-
tion corresponding to that key is executed. If the key
can be prefixed, decision block 58 interrogates whether
the key is prefixed. If not prefixed, the key instruction is
executed; if the key is prefixed, the calculator then
checks for which prefix was assigned, as shown at deci-
sion blocks 64, 70, 72 and 74. The dashed lines in the
figures indicate that any number of prefix keys could be
checked for in the manner described below.

A “yes” answer from any of the decision blocks 64,
70, 72 or 74 initiates a branch to the flow chart in FIG.
3. For example, decision block 64 is a check for the “g”
prefix. If the preceding key was a “g” prefix key, the
calculator checks at block 66 to see if this prefix “g” is
valid for the key which has just been depressed, since
not all prefixes will necessarily apply to all keys. If the
prefix is not valid for this key, the prefix status will be
cleared and the key code corresponding to the key
depressed will be entered into the read-write memory.
If the prefix is valid for this key, the calculator will
check, at decision block 68, whether this is one of the
key codes which should be merged with the prefix. If it
is not, prefix status will be cleared and the key code will
be entered into the read-write memory. If merger
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should take place, then the calculator once again checks
for the Program mode. If the calculator is in the Pro-
gram mode, the prefix key code is deleted from the
read-write memory and then the merged code address is
established in the read-write memory instead, overwrit-
ing any previous information. The merged code may be
generated by the use of a look-up table in ROM 22 or
through a numerical subroutine which generates a
unique number in response to the prefix and function
key codes being merged. If the calculator is not in the
Program mode, the step deleting the prefix code from
the read-write memory is skipped. The merged code is
then transferred to ROM 22. If the calculator is not in
the Program mode, the instruction corresponding to the
key code will be executed. If the calculator is in the
Program mode, the merged code is inserted into the
read-write memory.

If the prefix that was previously established was not
the “g” prefix, decision blocks 70, 72, 74, etc. will
check for the other prefixes and will then perform the
same checks of validity of the prefix and validity of
merging for the particular combination of instruction
and prefix.

As illustrated in FIG. 1 taken together with Table I,
not all of the instructions requiring a prefix will neces-
sarily generate merged codes, and those selected for
merging are those that may be used more frequently in
programming. The foregoing flow chart can be imple-
mented in a read-only memory as shown in the program
below in Table II as well as in equivalent hardware
logic employing well-known techniques of logic design
with gates and flip-flops. To assist the reader in under-
standing the operation of the program in Table II, the
instructions used to generate a merged code for “x>y”,
requiring the depression of the “g” and “RTN” keys,
are underlined. In addition, the corresponding decision
blocks have been indicated by reference designator in
the extreme right-hand column of the Table. The start-
ing points of the ROM programs for the other keys are
indicated by the key labels in the extreme right-hand
column of the ROM 02 Object Program.
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LAaaz2a1:
LORZA2:
L9a263.
Loazad.
LaazZas:
LBa26s:
LoR287.
LB9210:
Leazi1.
Leaz12.
LAR213:
LOB214:
LBB8213:
LBR216:
LRE217:
Lapz2a.
Lagz21.
LaBg222.
LOABR2Z:
Laa224.
LBe22S.
LBE226:
LARRE?:
LAAZ3a,
LBAB231.
LBR232:
LBaZZ3:
LAB3234.
LBaZ3s:
LOR236:
LAB23T:
LBOaZ4a.
LEG241:
Lag242:
Leazd3:
Laaz44.

Leaast .
LEBARSE:
LBRZS3E:
Laaz54.
LOBZSS:
LBRazZSEs:
LOBRST:

11.1..1111
11111, ..1.

D SRV O SN

1...1.1..1

11..111111
1.11.11..1
t.1..1...1
1.1...1111
..o 111101
R U SN SN
1101001

1...1.1..1
L1101,

11.11..111
11111, .. 1.
CL11011.11
111,118
Lo11.10101
11.1.1.111

->

->
->

->
-2
->
-
-3
->

-2
4

-2

->
-2

->
->

-2
->

-2
->
-2
=2
->

-2
->
-2

-2
-2

->
->
-2
-2

-2
->

L4145

LB3I58
LaBss5?

Lezas
Loaze
Leziz

Lez23

Leaay
LB341

1.9145
LB@OEe
Lai3e

La173
Laz212

L2174
Lezzag

Lgie?y
Lo941

Las1v?
LB2ss
Lezad
LB243
Log1?

LB144

L5211
L3212

L1226

La223

LBL1E
LB212

LOZ31
LOGES
LB341
LOGES
L8325
LE245
LE24E
L8171

Lez21v

4,099,246

oo g ol e

sk kR kR

sk ok
sk ek ke

ke ok

ER R T L]
dokofok

SDGT4

STOLS ;

RCL1S

§TO11

$T014

RRRS3
ADRSO

HOSFK2:

i NOSFX3.

NOSFK1:
RCL12

§T032

RCLZ20

SDGT3 :

FACTB
CLRH

UFCH11.
WAIT4E:

MDLe

MDL1

SDGT1

RCL1O

§7028 -

sSax1

MPY2E

BN
DECY

FRAC1H

"FRACZ .

:

10

SELECT ROM 4
A-1->AIPI]

IF HO CARRY G0 TQ £T0Gis
JSB &T0O3
A-1->alFkl

IF NO CARRY GO
JSB RCLY
J3B CLRHM
IF 83 # 1
THEH GO TO 57012
-> ALP]
CARREY GO TO
HINZE
A~-1->AlP]
IF HO CARRY GO TO
JSB STO2
1 -> 54
IF ALKS] 5= 1
THEH GO TO ARRSY
IF s4 % 1
THEH GO TO HOSF=1
J5B CLRM

TO RCL2@

A+ 1
IF ND
GO TUO

STO22

STO1S

g6 -> F7

SELECT RONM 2

J5B MDLO

A -1 ->ALP]

IF HO CARRY GO TO RCL1i4
JSE RCL1

cC-1->CCP]

IF HO CHRRY GO TO
JSB CLRET
JSB MPYY
GO TO 58X1
JSE RCLZ.
IF 53 # 1

THEH GO TO SDGT4
SELECT RON
SELECT ROH
8 -> CIH]
C EXCHAMGE |

ST03Z6

3 n

=

2 => P

RETURH
1 -> 518
SELECT ROM 1
1 ->F7?
MEMORY DELETE
8 -> 511
@ ->Fs
IF 511 # 1
’ THEH GO TO MDL!
@ -> F5
RETURH
4 -> P
IF CIP1 = 8
THEN GO TO SDGT2
JSE CLRH

CIF 83 & 1

THEM GO TO RCLiL
A+ 1 -> alF]
IF NGO CARRY GO T RCLES
GO TO MIHZE
JSE STOE
GO TO FRTH1L
C~--> atyl
SELECT RDM &
SELECT ROM &

ig -> F
IfF CLP1 = 8

THEH GO T3 HOSFX2
LOADT COMZTAMT 2

C EXCHAHMGE M
GO TO WAlIT48
SHIFT LEFT RIM]

A - 1 => ACK]
P+1->F
IF P # 12




176

186

241

246
247
248

LBAZBE:
LOR2E?:
LEAZ7E.
LEA271.
LanN272.
LGGE?::

LoG2

LBBE?S:
LAQ2vE.
Laga??v.
LOGZaa.
LBB321:
LOBZaa:
LBB3In3:

Leg314.
LBB311t.
Laazia:
LEBB313:
LEaB314.
LOB31S:
LoB31s.:
LBAZL1Y:
Lag324a.
Lea3zl.

Laas27,
Lao33a.
LEDZ31.

LBaIal

LBEIS2:
LBaz53.
LBazsg.
S

LEa3
Leas

LAAazsy.
LAAZEa.
L0361

11
1.1.11..11
111.1.111.
L11...111,
1.111.1.1.
1.1.11.1..
L1101

11,0011,
R DU D SO
11....11..
1100111,
1.11111, ..

11.1113. 1.
11..1...11
1...1..111
1.1..1....
1.1,111111
1111, 0111

.
-
-
[
[
.t s e

11.1111111
B PUNE SO SIPEN
1.11111...
11.1.1.111
) SR I
1.111..1.1
111.1.111.

111111

-2

->

->
-2

->
->
->
->
-2
->

->
-2
-2
->
-2

-2
->
-2

->
-2
->

-2
->
-2

->
=>

L8254

L0145

La241
L6845

L2363

LAZ10
Le211
L3311
LB2S7?
Le1?l
Lo22e

Lalet

‘LoBsl

LB26es
Le24S
Lez2iz
LB165
L2326
Lzzz7
Laziz2
LO16S

LB33?

LB32S
L4342
Lazv1

Lez217?

LAZS4
Leagl
Loivrl

Leav2z
LeasSs

LBBos

L7366

4,099,246

L2222

CLRST .

CLRSTI1.

S$TO19 .

#hahd
Aokl

PUO2

GDGT2 .

kkkkdk  GDGTI .

S7013 .

$T036 .
1022
$T012 .
FRTHN11.

FRTH18:
RCL2Z .

sk ok ok
ek

RCL1Y"

RCLZ22 .

skkk MIN2G .

STO0i6 -

sTO17?

TNX2

KAtk ok

sT010 .-

12

THEH GO TO FRRACZ
A EXCHAMGE CCW]

C -> Alwl

@ -> ALK
DELAYED SELECT GROUF 1
GO TO 2145

@ -> ClH1l

C EXCHAHGE M

12 -> P

€ ~> AtYW]

DATA -> C

A EXCHANGE CLW1
C -> DATA
RETURN

A -1 ->AalP]

IF NO CARRY GO TO 57020
JSB 8TO7?

DELAYED SELECT GROUP 1
SELECT ROM 2

NO OPERATION

N3 DOPERATIGH

A -1 -> ALKS]

IF NO CARRY GO TO GDGT3
GO TO FACTAG

SELECT ROM S

GO TO FRAC1

GO TO NOSFAZ

JSB MDLA

A-1->ALP]

IF NO CARRY GO _TO STO14
JSB ST01
JZE CLRST
J3B DVDZB
JSe CLRM
8-> P

IS8 ADRSH

¢ -> DATA
SELECT ROM 2
SELECT ROM 2
JSE CLRM
@ -> P
JSE AIRSE
e - s11

8-> Fi
IF S11 % 1

THEN GO TO RCL22

¢ -> STACK
DaTh -> C
GO TO FRTHIL
SELECT ROM 4
JSB CLRST1
A ENCHANGE CLW1
GO TO WAIT4@
MO OPERATION
HO OFERATIGOH
NO OPERATION
A-1 =>AaF]
IF HO CARRY GO TO 3TO17
JSB STO4
G0 TO N¥sFu2
A-1->AalP]
IF NO CARRY GO TO STO1S
JSB STOS
NO OPERATION
HO OPERATION
BUFFEF -> RON ADDRESS
GO TO DuMMY
1 -3 82
C -> ALyl
SELECT ROM 7
MO OPERATIOH
5 -> P

c-1-~>CIP]



243
259
251
252
253
254
259

ROMO1

VONANNEUWUN-O

13
Len3I?1:.  ...1...111
Lgasva. 1.11.11..1
Leas3?3:. . .1111111.
L8374 1.1..1....
LOAZTS: 11.11...1.
Lea3vs:. . 11....111
Lea3r7: ...1.111.1
OBRJECT PROGRAM
Lo19808. .11...11..°
Leieet. ...11...1%.
Le1gaz:.  ..11.11.1¢
Letens: ..... 1....
Loteod.  1....1....
Le1ess:  1111111.1.
LB1oBe:  1...11.111
Le1ae7y. 1.1.11.1..
Le1et6. . .1..1....
Laip11:  1..11..11.
Leim12:. .1..1.1111
Leiei3:. .1..111111
Lo1e14.  .11.1..1%.
te1815:.  .111.1..11
Le1g16: 1.1.11.1..
Le1a17:.  .1...1....
Laigzn:  ..........
Leig21. 1.1111.1.1
Leig22. 111.111.11
Le1e23. . 11.1..11.
Le1ez4.  ...11..111
LB1e2s:.  1..1...11.
Le1e2s.  .1.11.1.1.
Laig2?.  ...11.1.1.
Le1@za;, . ..1..1111
Le1a31:.  ...131111.
Le1s32:. 1.11:1..11
Le1833:.  11.1...11.
Le1e34:. . ...1..111
Le1935:. ..1111111.
LB1836. 1.1111....
Le1s3?7:.  1...1.111.
Leie4de:.  1..111...1
Lein4t1.  1.111..1.
Le1g42. ...31..... :
Le1a43:.  1.11.1.1
Le1g4d4:.  1..1....11
L81a45: 1.1.11.1..
Leé1ade: .. 1..1..
LE1a47. ...,
Leass.  ....11..11
Lp1as51. . 11111ii.1.
Laigs2.  1.1.1..1..
Le18as3. .1.1.1.1..
Le1es4:  111.1...11
Le1ass. . 1111.1.1.
LB1a5s: S0t
Le1857. 11.11.1.11
Leiges. . 11....1..
Le1as1:.  111.1.111,
L@1es2: . 11..1....
Le18e3:.  ..... 111
La1ec4. 1111.1.1
LO18s3: 111,111
Latpes: 1.1..1
Letas?. ...,
Lo1avo. 11.11.1
L9107 11.1..11
LB1672, 1.11.1. 1.
Le1ers. ........ 1.
Le1avrs. . .11..1111
Le1evs. 11....11..
Letevs. t..11...1.
Le1a?77. .11111..11
Leii@e: .1..... 11.

-2
->

->
->

->
->
-2

->
-2

->
-2

Los21
Loz2és

LE375

La141
Los27

L1266
Loses
L4805
L1215
L1911

L1113
L1117

L1164

L2@za

L1275
L1356

L1831

L1823

L1264

Lio11

L1234

L1226
L1847

Lig14

L1358
L1951
L1332

L3063

116873
L5867

L1863

L1174

4,099,246

ek ok

Fskokkk
kdkdkk

L2222
sk et ok ok

#4484

'*$*$*

HHEE
LR 2

EXTT T

FokbkR

5T0392 .

RCL16 .

DECé

pSzZ6 -
FOGTS .

DSZ5 -

ENTR2

pszZ3

nsz2

Dsz4

nsze

WAIT3B:

WAITIL.
WAITY

PTRS
FIXS
DECS
FIX3
FIX4

FIX?

FIXe

14
IF NO CaRRY GO TO 3Ta31
JSB CLRST
8~C-1->CLs]
SELECT ROM 5
A -1 =>nAlPl | .
IF MO CaREY GO TO RCL1?
JSB RCL4

6 -> P
IF CtP1 >= 1

THEH GO TO DECE
SELECT ROH B
SELECT RGHM 4
A+ 1 -> Aalxs]
IF NO CARRY GO TO DOCTA
DELAYEDR SELECT GROUF 1
SELECT ROM 1
IF alMl >= 1

THEH GO TO DsSZig
GO0 TO DSZ7
IF CLH] = 8

THEH GO TO ENTR1
DELAYED SELECT GROUP 1
SELECT ROM 2 -
NO” OFER&TIOH -
JSB WAIT3
GO TO WAIT40
IF CtH1 = 8

THEN GO TO DSZ4

SHIFT RIGHT CLHM1]

cC -1 ->CLX1
IF. CL¥1 >= 1
THER GO TO D523
IF CLS] »= 1
. THEH GO TO D521z
A-C->nAlNll
IF HO CARRY GO TO DSZ5

-8 ~-C-1->CL3]

¢ -> DAaTA
B EXCHAHGE CLU1]
JSB DEZS12

6 -> $11
8-> Fo
IFS11 # 1

THEN GO TO WARITLE
DELAYED SELECT GROUR 1
SELECT ROM 1
NG OFERATION
GO TO EHTRZ2
C+ 1 -> CLHE]
g9 -> 514
IF S5 # 1 ) :

THEH G0 TO WAITIZ
C+ 1 ->CLH
IF NO CARRY
60 TO WAITIY
1 -> g6
A EXCHARHGE CLUW1]
SELECT ROM 3

GO TO WAITLL

P-1->FP
C + 1 ->CI¥]
JSB FIX?

SELECT ROM 5
NO OFERATION
@ -> CI¥S) .

12 -> P
c -1 ->CC[¥]
IF BIP] = 8

THEH GO TO FIAXS
12 =>'P |
IF atrPl >= 1

.THEH GO TQ FIxZ
SHIFT LEFT nlHM]




140

L81161.:
LB1102.
LB1183:
LG1104.
L61185:
LE1106:
LB1167:
LB1110:
Le1111:
L61112:
LB1113:
LB1114.
LE1115:
La111&:
181117
Le1120.
Lat121:
LB1122:
LO1123.
LB1124:
1811233
LB112%:
LA1127:
L&1138.;
LE113L:.
LE1132:
LB1133,
LE1IZ4:
LA113%5:
LB113E.:
LA1137:
Laii4a;
L1141,
LA1142:
LO1143:
LO1144.
LB1145:
La114&:
LAa1147.
LE11SR:
LB11S1.
LO1152.
LB1153:
LB1154,
LE1155.
LBi1%E.
LO11S7:
LO11:3.
L1161
LO11E2.
LO1163:
LO1154.
LE11ES.,
LA11EE,
LB11E7:
LEB1170:
LO117L,
Le1172:
La1173:
LA1174:
La1Ivs:
LOILIVE:
Lat1v?:
LB1290;
LO1281L.
La12a2.
LA1203:
LB1204:
LA126835:
LO1286:
LO12087.
LB1210:
Le1211:
Le1212.
L81213:
LO1214:

15

.1.11.10 8
L.ot1111001
S DR S G
11111011
1.1.1.111.
.111.1111.
1..11..1%.
1.11.11111
L1111,
1.11.111.1

1.1..1....
11.1111111

..11.8.01..
1111..1111
1....4....
1111141, L.
11...1.118%
11001
RS DU S

..........

->
->
-

->
-

->
-2

L1675

L1166

L1267
L1267

L1117

L1836

L1117

L1980
L5130
L1337

L1152

L1321

L3146
L1679
L1671
L1364

L1216

Li121¢€

Le164

L1193
L3167

Litge
L2176
L1275

L1363
L4202

L1305

LiB€ES

L116i

4,099,246

RTP3

PSZ10 -

sz

Ds2it
DECS

Ak kg

YAITLE:

WAIT3E:
stpite
Aok hk

FIX1

:Uﬁsz :

wATT39.
nhaes
ook ok gk

$£35%% ENTRL .

wkuokk  RTPS

FIR :

Fix2 .
Atehod

Aotk
FIDGYS:

PTRO

WAlT44:

OO =

FRTHS .

16

C -1 ->CL®I
JSB FING
IF S4 # 1
. THEN GO TO RTP4
c+C ->CLul
A+ C->CLST
IF ACHMY >= 1

THEH GO TO RTPS
@ -C~-1=>CL8]
JSB RTPS
IF ALPY >=

THEN GO TO D227
SHIFT LEFT ALH]
A~ 1 -3 ACK] -
A EXCHANGE CLW1
JSB D528
A+ 1 -> AlP]
A+ 1 -> ACR]
JsB 1S2Z7
7 ->P _
IF CIP1 =0

THEN GO TO DECS

SELECY ROM S

GO TO uwAalTZ3

.=> 83

-> F2

-> P

EXCHANGE M

-> 511

-> F3

F 83 # 1

THEN GO TO WAIT2

IF S11 # 1
. > THEN GO TO WAITZ3
C EXCHAHGE M

DPELAYED SELECT GROUF 1
SELECT ROM 3

C+ 1 -> CLXS]

IF NO CARRY GO TO FIXZ
8 - € ~-> CLK]

JSB FI¥4
IF s1t1 &

THEH GO TO WAITIS
IF CIF] = ©

THEN GO TO DECISA
cC-1->CIP]
IF CLPY = & .
THEN GO TO D3CISH
LAD COMSTANT 2
DELAYVED SELECT GROUP 1
SELECT FOM @
DELAYED SELECT ROM 2
GO TO @193
SELECT ROM 3
A EXCHANGE CLW)
C -> AlM]
IF ACN] >= i
THEN GO TO FINt
e -> atMml
A EXCHANGE CCM]
SELECT ROM 2
JSB WALIT3
IF 33 4 1 ,
THEN 60 TO WAIT3Z
SELECT ROM 4
A+ 1 => REHSI
IF MO CARRY GO TO ODECO
STACK -X.,AL.
1 -> 81
1 -> 54
1 -> S5
GO TO PTRS
@ -> CLM3

~ JSB WAIT3S

NO OPERATIOH
NQ OFERATION



141

168

173
174
179
17¢
177
178
179
1808
181
1&z
182
184
185
136
187
1838
123
196
191
192
193
194
195
196
197
198
189
200
201
282
263
204
205

2a7?
208
289
210
211
212
213
214
215
216

LA1215:
LB121e:
La1217:
Lo1228.
Le1z21.
Laz2z.
LB1223:
Le1224:
LB81225:
LB1225:
Lai237:
LE1238:"
Leizat:
LE1232:
La1233:
LB1234:
LO1235:
LB1235:
LB1237:
LB1244a:
Lata4t:
Laia4z:
LEB1243:
La1244:
La1245:
La12a4s:
Laiz4r:
Leizog.
LB1231:
LB1232:
LA1233:

L8125

LO12%s:.
LO125¢E:
LB1257:
La12e9.
LO12S]:
LB1252:
LB1253:
LR1as4d:
LB12ES:
LB125s:
L3127
Lo1z7a.
LO1271:
Le12avra:
LB1273:
La1av
LB12795:
LB1276:
LA1277:
LB1309:
Le1301:
Le1302a:
Le13e3.
LO1394:
LA138S:
LB133s:
LO1387:
LB1318:
L1318
L1312
LAa1313:
Le1314:
LB1315:
LA1316:
LA1317:
LB1320:
‘Le1zel.
LB1322:
LB1323:
LB1324:
LB1325:
LB1326:
LB1327:
LB1330:

17

IR T SIS B
1.1.11.1.
..... 1....°

1..111....
R S 3 I
1.11111...
RS S RS D
D D §
DS B & N
oe1011108
1111...11,
10111111
101000111
R & DI
11010
SR B B § S
RN § RV

A D SN SN
11...11.11
RS DI SR
t.1.11. 1.
11..1.1.11

1.1111.1.1

->
->

->
->
->

-2
->
->
->

-2
-2

-2
-2

->
->

->
->

->
-2
-
-2

L3216

L9220

L1131

L1852

L1225

L1241
Lizz2

L1684
L224@
Laz241
L1334
L1337
L6245
L6246

L1245

L1@27

L1117
L1121

L3271

L1250
L1124

Li3es
L3306

L1312
11275

L1315
L4315
L2315
Li1e3
L1216

L1342

L1143

Lizz2

4,099,246

sokkkk  DOCTO .
#4884 DSCISO.
Aokesiesk ok
WAIT1G.
WAITI1
WAIT31: -
. sziz -
sdeksksk  DSID
#%kkk DECT?
walT2S:
sk MPYZO
hkdokok  DVDZE
1sze
S22t
DsS213
RTFPS
e
WARIT3
WAIT41:
ket ok ke ke ODECH
HEGHE  WAITYZ.
WAITS
B 3 3 .
ek WRITY
 WAIT4S:
WAIT33:
WAIT43:
WAITS

‘GO 7O

18

SELECT ROM 3

DELAYED SELEC

SELECT ROHM 2

IF 38 # 1
THEHN GO

12 => F

1F €6 # 1
THEH GO

T-GROUP 1
TO WAIT1S

TO WAITH

P+ 1 -5 F
TF F & 12
THEH G0

TO MAITII

8 ~> oo
IF Sig 4 1

O—— e s,

THEH G0

Ta WHITER

WE LT
EACHRNHGE ©
IF BLH] = @&
THEH GO
SELECT ROM 2
SELECT ROM @
IF. $5 & 1
— TReH GO

START

TO WARITES

GO TO Whive
SELECT ROM 5
SELECT ROM &
NGO OPERATIOH
GO 7O DVDE4Q

B EXCHAHGE CL
@6 -> CLuWl
12 -> F

C+ 1 ->CIP]

JSEB DbgZa2

A+ C ~-> ACH]

IF HDO CARRY G

GO To D31t

8 -> S1

SELECT ROM 3

3 ->F

IF CLF] >=1
THEH GO

GO TO DECS

1z -> F

1 -> F3

DISFLAY OFF

C EXCHAMGE M

SHIFT LEFT AL

RETURH

C EACHAHGE M

GO TO WAIT4Z

SELECT ROM 32

DELAYED SELEC

GO TO @212

Wl

0 7O DEET

TO D3EB

W3l

T GROUR 1

JSE MAITE

1 -> Fr

IF =3 & 1 52
THEH GO T3 WAITT

SELECT 3z PROG

SELELT = _RUN

GO -T0 RTF3

8 -y CCH]

JSB DSCITA
IF CLF1 >=1
THEH GO

T3 WARITZ4

LOAR CONSTANT 1

a -> Cinil
JSB WAITZEE
IF 83 # 1

THEH GO
e -> 89

T0 WRITL

START




217
218
219
220
221
222
223
224
225
22¢
227
228
228
230
231
232
233
234
238
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

ROMQ2

VONOAUNLEWN-O

LB1321:
LB1332:
LB1333:
1LO1334:
LB1335:
LOL33E:
LO1337.
LB1340:
Lai341.
LA1342:
LB13432;
LA1344.
LA134%:
LA134E.
LEB1347:
LB1350
LB1351.
LB81352:
LB1353
La1354.
LO1355:
La1354.:
LE1357:
LB1350:
LB1361L:
LBLIES:
LB1383.
LO13E4:
LO13635:
LAt 3EE,
LO1367:
LO13TO:
LO1371.
LAL3E72:
LE1372.
LE1374.
LA137S:
LB137e.
LB1377:

OBJECT

L02000:
LO2001
LBZEenzZ:
LO2603:
LO2604:
LB269S5:
LOZO0E:
LB2087:
LB2010:
LoZO11:
LB2012:
LB2613:
LB2014:
LO2015:
LB20816:
LB2017:
LB2028:
LB2021:
Le2022:
LB20823:
Lozez4.,
LBZ025:
LO2026:
LRZO27 .
LBZ030:
LB2a31:
LOZa32:

. Le2n3ES.

LO20834:
LBZRA3S:
LBZ2636:
LB82837:
LBZ2040.

1.11.1.1.

11080000
lllllll.tl
1.1,
ll i. l
llllll
l 11. .
. .!l...l.
1...1..111
RS 2 % PR
AR DR 5 JIPUNS
.1.1.8,
ll.l.ll ll

PROGRAM

<>

->
->

->
-2
-2
->
->
=2
->
->
->
->

->
-2
=
->
->
->
-2
->
->

->
-2
-2
->
->
-2
->
->
->
-2
->
->

L1222

L1316
L1303

Lizze

L1374
L1324

L1641

L1357
L2364

L1378
L1317

L1211

L1326

L2242
L2360
LS0e3
L5004
L5065
L2360
L2310
LSe1e
L2347
L2342
L2347
L2347
LE347
L2215

L2347 -

L23c8
t236e
La3az2
L5823
LSez24
LS02%
L23¢0
L2311
L2360
L2351

LSe3:z.

L2351
L2351
L2351
L2360
L2351

L2366 -

L2360
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20
walIT23, 1 -> $19
WAIT17. DISPLAY TOGGLE
_ GO TO WAITI
walTEé : IF S2 £ 1
_ GO TO WAITS
GO TO WR1I4l
wAlT29:. 1 -> F3
CLERR STATUS
WAITZ2S: 60 TO WALITLE
WAIT34:. C - 1 -> CLPI
C -1 -> CLP1
IF CCP1 >= 1
THEN GO TO WAIT3?
LOAD COHSTAHT 3
GO TO UAIT43
WAIT1Z, IF S # 1
- THEHM ©0 TD WAIT3A
POIMTER &DVAHCE
DISPFLAY TOGGLE
C EXCHAHGE H
SHIFT LEFT ALM]
walTée. @ -> S1i
WAIT27: O -> F5
IF S11 & 1
THEN GO TO WAIT2?
8 ->FS
exxkk  YAIT22, SELECT ROM 2
. WwalT3s. IF CLP1 =0
THEH GO TO WAIT:S
C -1 ->»ClPY"
IF ctpPl =@
THEM GO TO WAITLS
c~-1->CIP]
IF CIP1 >= 1
THEN GO TO WAIT44
¥AIT37. € +°1 => CIP1]
C+ 1 ->CIP]
WAIT3S8: C EXCHAHGE M
GO0 TO WAIT3
NOOP . GO TO NOOP1 NOP
€104 . GO TO FCHaE® STO 4
*xxke  DIG3S . SELECT ROM § 3
wx#xe% DIG2 . SELECT ROM 5 2
xwkxe  PIGY . SELECT ROM S 1
ST06 : GO TO FCH6ED STO 5
MPY . GO TO ARTH2 X
wakkk  HNEY SELECT ROM 5 XAy
G GO IO _ECHsn g
RUP GO TO RUFL Rt
RCL GO TO FCNS® RCL
ST0 GO TO FCNS® STO
Fi . GO TO FCHS® £-1
RDN . GO - TO RDN1 R
F . GO TO FCNS8 4
RCLE . GO TO FCcNee . RCL 8
RCL? : GO°TO FCNS@ - RCL 7
EXCG : GO TO EXCGO Xy |
wkkkk DIGE : SELECT RCM S 6
axuns DIGS . SELECT ROM S 5
wxkkk DIC4 . SELECT ROM S 4
RCL6 . " GO TO FCNEe RCL 6
PLS : GO TO ARTHI +
RCL4 . GO TO FCH6EO RCL &4
E .. GO TO FCN4@ E
#kdkd  MEQY . SELECT ROM §  X=y
D . GO TO FCN4Q~ D
c . GO TO FCN4B C
‘ g » GO TO FCH4@ B
RCLS . GO TO FCNé@ RCL 5
A . G0 TO FCH4n A
RCLZ : GO TO FCNS@ RCL 3
RCLZ . GO TO FCHé6Q RCL 2



LB2041.
Lezedz2.
LO2843.
LE2834.
LB2045:
Leza4s.
LGZ047:
Laz2asa.
Lazasy:
LEezesa:
LO2AQs3:
LE2@54:
LB82a33:
LAZRSE:
LAaz2as7:
LOZRc0o.
La2aEL .
LO20S2:
LOZAES:
Lazecd.:
Le2nes.
LOZR&E.
Lazes
LRZATA.
2071
LOzZuv2:

LA2g7s:
Lo2evs.
LBEVTS.
LAzZOVE:
LB2G7T:
Loz21a8a.
Le2101:
Lgz1e2.
LB2183:
LOZ2104.
LB2103:
Le2186:
LB2197:
La2118:
Lez111.
Lazila.

-
IS

La

LB2113:

LB2114.
L82115:.
LoZ211e6:
La2117.
Lea2iza:
Lez2121.
L2122
LB2123.
Le2124:
LB2125:
LB2126:
Lez212v:
LB2130.
Le2131:
LB2132:
LB2133:
Lez134:
Le2135:
LBZ2136.
La2137v:
Laz140:
LB2141:
LBez142:
LB2143:
Laz144.
LB2145:-
LB2145:
LEe2147:
LeZ159.
LB2151:
LB2132:
LB2153:
LB2154:
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111, .11
... 111
1.111..111 ~
1.1..1....
1111....11
11...11111
R T S
111.. 11111
1.1..1....
111..11111
S11111
S1111
S|
EEEEE!
1111....11
1111....11

1.11111112
111111, 111

TR EE R
AU TR P

1...111111

VD I S
1,110,
RN SR DA SN
D TN T S
1..1111111
111.11..11
1.1..1..1,

RS SRR T
J11.1..111
RS E T
VST
S1.11.1111
T VT T
1.11..111.
S111.1.1.
1..1.11111
111.1.1.1.
BETERE IR
111.1.1. 1.
S11.111111
O T D
VRS IR S 0
1...1.111.
ETTORT N
1111.11.11

-2

=2

=->
->
->

-y

-2>
-2
-2
->
->
-2

=¥
Ce>

=3
->

->

-2
->
->

>

->
->

>

->

->
-2

->
->

->
-2

->

-2

L23e0
Lz181
L2271
L5845
L2368
L23ev
Liasa
L2347
LS8S2
L2347

L2347

L2347
L2368
L2347
L2350
L23:8
L23ER
LS063
L5ac4
LSGBES

L23c0
Laz12 -
Lsava

L2234

L2277
L2375
LAOTS

L2047

L2217

L2237
L2354

L2156
L2228

L2245

L2130

L2157

L2151

L2133

Laz27?

L2157

L5151

‘L2365

4,099,246

22
RCL1 GO TO FCHEB RCL 1
PATA . GO TO DATAA RIS
DEC - GD- 70 DECH- ..
akkkk  DIGH SELECT ROM 5
sTO7 GO TO FcHea . STO 7
VD . GO TO ARTHZ . &
“wkdkk  ENTR2 . SELECT ROM 1
SST GO TO FCHSG S§ST
skt KGTY SELECT ROM T 'x>y
‘RTH G0 TO FOMSA RTN
LbL (PO IS 1] LBL
GT0 GO TO FCHS® GTO
ST0S GO TG FCHs@ STO 5
psp GO TO FCHSE pSP -
ST03 GO TO FCHsa STO 3
sTO2 GO TO FCHS®, STO 2
ST01 GO TO FOMs@ STO 1
stk DIG SELECT ROM S 9
sk DICS SELECT ROM S 8
wokktk DIGT SELECT ROM S 7
STOS . GO TO FCHéR- STO 8
. MHS . GO TO ARTHA -
wekvk  KLEY . SELECT ROM S, xgy
cLY GO TO CLR18 CLX
MO OPERATION
EEX : GO TO EEXG EEX
CHE . GO TO CH3® -CHS
#etkk  LSTX . GSELECT roM g LSTX
ND OPERATION
ENTR GD TO EHTRZ2 ENTER 1
MRK C EXCHAHGE M
G0 T3 EBHDS3
DATAG : © —-> CCHMI
BRI DELAYED SELECT GROUP 1
ENTR1 C EXCHANGE M
€ -> STACK
G0 TO CLR23
GO TO DATAs
DEN7? . SHIFT RIGHT BLWP]
JSB DEHS
GO TO SDGTS
DEN13 . IF 51 & 1
. THEN GO TO DEH12
IF 57 # 1
THEN GO TO DEND
A EXCHAHGE CL¥#)
SHIFT RIGHT ALM]
1-->9
€ -> ALWP]
GO TO DEH17
CLSTS1: CLEAR STATUS
RETURN
NO OPERATIOH
NO OPERATIOH
DEN1E . SHIFT RIGHT BLW]
DEN9 E EXCHAHGE CLW]
C+ 1 -> CLW
. @ ->pP
DEN3 . IF CLP] >= -
' ‘ THEHW GO TO DEHZ
P+1 ->P
SHIFT LEFT alWRrl
GO TO DEH3
CHs1 C EACHAMGE M
SHIFT RIGHT ALW1
I S7 & 1
- THEN GO TO-CHSZ
A EXCHAENGE CLX3J
8 ~-C -1 ->CIXS]
A EXCHAHGE CLH1
GO TO DEHIT
sk ARTH4 . SELECT ROM S
DENZ C=15->cClul

B EXCHANGE CLW3]
IF P & 3
THEH GO TO DEH4




109
118
111
112
113
114
115
11é
117
112
119
120
121
122
123
124
125
126
127
128
129
130
131

132 .

133
134
135
136
137
138
139
140
141
142
143
144
145
14¢
147
148
149
150
151
152

152

154
155
156
157

159
160
161
162
163
164
165
1€6
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

164

LAZ155:

Lez1%e

LB2157:
L821&9:
Lez1el:
LB2152:
LB21E3;
LO2164:
LB216S:
LAZLES:
LBZ1ET:

LOZLIvo

Laz17vs.
Lez172.
LO2173:
LOZ2174:
LO2175:
Laz1ve:
La2177:
La2zeG.
Le2:za1:
Lazzoe:
LG2283:
LB2264.
LO2285:
LE220E.:
LB2267:
Lez2218:
Lez2z11.
Lazz12:
182213
L@gz2z14.
LB2215:
La2216.:
LE2217:
Lez2229.
Lez2z21:
La2222:
LB2223:
Lez2224:
LBz225:
Le22z26:
LB2227.
LB2230:
LO2231:
Lazz32.
LBz2233.
LB2274:
LB22335:
LBZ2236.:
LB2237:
LOZ249:
Lezza4al:
LO2242:
LB2243.
La2244.
LB2245:
Leazas:
LezZ247:

L2238

LB2251:
LAa22%52:
Le2253:
LBz2254:
LBEZE :

Lez

L9225?:
Lezz2:n.
L9zzel:
LB2ZE2:
LBzZEES:
LOZ264.
LB2Z2ES:
LO22:6.
LOBZ2E7:

LB2Z7Ve

J1.11.1.2,
1..1..1.1.
AU O
1.11.11.11
TS PR Y
111..1.111
T T
L111.11101
J11. .11
1.1..1..

1., 111111
L1111t
11,1111,

11111188
11,0018,
.1.1.1...

118,

111 111.1
11 111..112
..11...11.

S TN TN R

-
JoN
-
—r
-
-

11....11..
10111008,
L1311,
Si11111111
1...1.111.

-
->
-

->

->
->

->

-2
-2

->
->

L2163

L1167

L2123

L2167
Li17e
L2334
LE331

L2352

L2266

L2343
L1220
L2167

L5223

L2217

L2176

L2167
12334

L2240

Lz2as2

L2127

L2139

L2223

2249
L1274

4,099,246

DENS .
DEMI? .
DENIS -

DEN14 .

ek ok

CLSTS@:

Ak
ENDSO .

oFLY

BNDS4
RDN1

BNDS3
SDGTY :

L2 2L 2 ]

L2 22 2
DATAZ

CHS2

' CLR1O .
CLRil

CLR23
CLR24 :

NOOP1

DENIZ -

‘RSET2 .

DATAL .
BNDSE

skt DEC2

2

e -> ALWPY

SHIFT RIGHT ACLHS)D
€ => ALS]

IF s7 & 1

THEH GO TO DENH14

0 -> Blx)

1 -> g9

6 -> F3

1 -> Fi

SELECT FROM

IF 58 # 1
’ THEH GO T& CL3TS1
CLEAR STATUS
1t -> S8
RETURH
JeB CLSTEO
SELECT ROM &
IF Ct¥sl = 8

THEN GO TO END3S
C + 1 ~> ClX3)
IF CILXS) = O

THEN GO TO EBHDS2
C+ 1 ->CLXS]
IF CLXS1 = 8

THEN GO TO UFLW
8 -> CLH]
@ -> CLX]
cC-1->CM]
cC-1->cCtA]
SHIFT RIGHT CLX)
CLEAR STATUS
GO TO BNDSS

-C EXCHANGE M

GO- TO ROLL1
SELECT ROM 1
JSE CLSTS®
3->FP -
SELECT ROM S
CLEAR STATUS
1 -> S8

1 -> 510

GO TO BHDS3
6-C-1->CL8]

C -> ALS]
8-> F3

1 =-> 89

GO TO BHDSG
@ -> CLMI

C EXCHANGE M
@ -> CLlul

6 -> F1

JSB CLST=0
GO TO BNDS3S

8-> CLM]

€ EXCHANGE H

GO TO CLR24

8 -> 511

e -> F1

IF Si1 & 1

THEN GO TO RSETZ

€ -> STACK

@ -> Clu)

12 -> P

C~-1->CLUWP]
C+1->Cis]
cC + 1 ->CLs]
B EXCHAHGE CIuW1]
8 -> Clyl '
IF s2 # 1§

THEH G0 TO DENi&
GO TO DEN3 '
IF S99 4 1

THEH GO TO DATAZ
1 -> F3
GO 70 CLR24
SELECT RONM 1



135
185
187
138
189

191
192
183
134
185
196
157
198
199
268
261
202
203
204
285
2086
207
208
209
210
211
212
213
214
215
216
217

219
228
221
222
223
224
229
226
227
22¢
229
238
231
232
233
234
23%
23¢
237
238
233
248
241
242
243
244
249
248
247
243
243
259
251

2352

253
254

255

L2271
LE2272.

LB2273:
LO2Z274:
Laz27S:
Lazzve:
LE2277:
Le232e49.
L2301,
Le2za2:
LOZ3IBZ:
Laz23ad:
Laz2309:
LOZ23D5:
LB2337:
Loz31a:
LBR311L:
LR2312:
LB2313:
Lez314:
LB2315:
Laz2318:
La2317.
LB2320:
Le2321.
Lazzza.
LB2323:
LBZz24.
LBE23ES:
LB232¢E:

LB2341:
LB2Z42:
LB2343:
LOZ2344.
LO2345:
LORZ4S:
LBZ347:
L92354.
LO2351;

Laz3vra.
LB2371.
La23v2:
LQ2373.
LB2374:
LQ237S:
LB237E:

LO2377.
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...11.018,
1.111...11

L111111.11
J11.1.1. 1,
111.1.1.11
J1o1111 8,
T
11, 1811111
L1100 118,

RN P N
1111111

R A T DN
1111, ..111
R D T S
L1o.01101
..... 111..
NP S
11,111, .1
S 5 DA SENS & I
D B S 11
10011111

->
->

->
->

->
->

->
->
->
->

->
-2

L2270
L2644
L2304
L2047
L2604
L2157

L2167

L2156
L4316

L2176

La2a1?
La342

~rerr
o 1) BT

G ) ) Q)
M Aan
) =4 2T

4,099,246

kel ok

kbR

X 3T 4

B ]

Fdop bk

EEX®

EEX2

EEX1

ARTH3 :
ARTH2

ARTHI

ARTHO

ERR3

EXCGO .

FRTNL -
FRTHZ .

BNDSZ

BNDSS

BNDS?

RUP1

ROLL1

FCHER

26

IF CIH1 >= 1

THEH GO T0O DECZ
1 -> sz
IF S1 # 1

- THEHN GO TO DIGH
GO TO EEX1
IF CINM] >=

THEM GO TO EHNTR2
t -3 8¢
IF s1 # 1

THEN GO TO DIGH
C EXCHAHGE R
SHIFT RIGHT AlM]
JSB DEH1T
A+ 1 -> Alkl
A+ 1 ->AalH]
A+ 1 ~> ALR]
J3B CLSTSAE
IF CIHM1 =8

THEH GO TOQ ARTH4
SELECT ROM 4
KE¥YS -> R ADEBRESS

NO UFERATIGH

1 ->F3

GO TO EBMDSA

€ EXCHANGE M -
STACK -> R

C -> STACK

A EXCHAHGE CLUW1
1 ->F1

JEB CLETSE

GO TG BHDE8

IF CLX1 = 86

THEN GO TO UFLU
1 -> CIXS1
IF CIMI >= 1

THEN GO TO EHDS?
@ -> CLu1
IF P # 14
-« THEH GO TO BHISZ
SELECT ROH &
C EMCHAMGE M
DOWH ROTAHTE
DOMH ROTATE
DOWH ROTATE
GO TO FRTHI
SELECT ROM 4

FCH4a
UFLY

DATAG

FCNEB

DENS

DEN4

CHSO

GU 10 Feibe
SELECT ROM ¢
8-> Cctul
JSE BHIS4
IF 21 # 1
THEH G0 TG EBHDZ4
8 ->F1t
GO TO EHIZ4
SELECT ROM &
SHIFT LEFT AL W]
1 -> 51
GO TO DEHS
BUFFER -» ROM ADDRESS
GO TO NOOF
IF 31 # 1
THEH G0 TO DEHS
IF S2 #
THEH GJ TO DEHT
P-1->F
& -> ELP]I
JSB DENS
IF Cthl = 8
THEW GO T0O CHS1
GO TO EHWTRZ




27

ROMB3 DEBJECT PROGRANM

WONONHEWN S

Le300a:
Lazoal.
LOZ002.
LOZ083:
LA33YY .
LB3IARG:
LB3Eas:
LeZ0av.
LBZ318:
LAZA11L:

LAZBL1E, |

LB3a13:
LBzZ814:
LBZa13.
LB3Zn1E:
LB3a1T:
LAZBZA:
LB3B21.
LAZAZZ:
LDZB23:
LB2824.
LOZB23:
LAZAZe,
LBZRZ?:
LAZAZA:
LAEZA3L:
LBZBa3a:

LOZAazZz.

LGz 836:
Lazaz

LBEB4B:
Lazo4t.

LOZ84S
LAZo46.
LaZ047.
Leu. .l‘:‘:

LU-G’U:
LOZO7L:
LB3BY2:
LeZov3E

LB3G74.
La3Zevs.
LEIBvE:
LBZOT?:
LO31R6:
Le3Z1a1.
LB31e2:
LB3I1R3

LeZ1a4.
LABZ103:
Lasi1es.
LBZ187:
LOZ118.
LB3111:

10110101,
.1.11.101.
NS & DR B &

1.1..1...1
11,1311, 31
1011100
11..111..1
1.1..1...1

1111..1..1
L1111
1.1....1..
11....31..
1.1..1.1.1
BB B DD P s
1.1.111.11
L1101 1.,
.11.1.1...
B T W8
111 1. 111

11.11...1.
11.1. 11111

-2
->
-
-2
->

->
->
->
->

->

atd

->
-?

->
-2

->
-2

->
-2
->

->
->

LIn42
L1easd
L3674

" Le81l

LEB3L

L1635
L3IoRg

L3317
L3245
LI012
L3244
L3336
L3316
L3244
L3130
Lazez

Lzas4
LEBSS

Lsza1
L3152

LGav2
L33E2
L3343
L3245

L3256

L3154
L3247

L3227

4,099,246

FMOD3
#kdkk  FDGTS
sokdekk  TANK
Pla1
P12
kkkkt  RET :
#oa68
Aok o
FMODY .
FMOD4 .
TONHS3
DocYoe .
#4844
kckeck ok
wkdckdk QT2
' FIDGT?:
SINIZ
$ikbkok
st
DMSTE -

-DELAYED

A -1

28

c -1 -> CLX1
cC-1->CLX]
C -> Atul
JSB FMODd
SELECT EONM 1
GO TO DMET2
HO QPERATIAM
NO OPERATIOH
SELECT ROM ©
8 -> S19
12 -> P
@ -> CLWl
LOAD CONSTANT
LOAD COMSTANT
LOAD COMHSTANT
LOAD COHSTAaNT
LOBD CONSTAHT
LORD COMSTANT
LOAD COHSTAEMT
LOAD COHSTANHT
LOAD COMSTANT
LOAD COMSTANT
i2 -> P
RETURH
SELECT ROM €
IF €4 # 1
THEH GO TO RET
SELECT GROUP 1
SELECT ROM 1
~>» AlF]
IF HO CaRRY GO TO ann¢,
cC -1 =->CILX] :
JSB LD=28
JEE DVIZD
JSBE Pl2g
JSE WMPY3S
GO TO FMOD2
cC~-1~->CLH¥]
Jeg LIl
JSE HPY3H
G0 TO TDMS2
JSBOINTS
LELAYED SELECT GROUFR 1
SELECT ROM 2
SELECT ROM 5
B+ 1 => ALEE]
IF NO ChRRY GO TO FIDGT?
G0 TO DMEMG
C ~> ALYl
IF 1 # 1
THEH G0 TO S0T2
JSB ADRA
IF 87 # 1
THEH GO TO FHODAG
GO TD HALGB
NQ COFPERATION
C -> alwl
SELECT ROM &
JSB ADR2
GO TO MAGYD
1 -> si10
12 -> F
JSB BvYD3n
IF S6 # 1
THEN GO TO
8 -> &
STACK -> A
C ~> SThECK
A EXCHAHGE CLW]
1 -> &4
GO TO DMZSTS
JSB MOD1O
A-1->AalPl
IF ND CARRY GO TO DHST3

ESE SN R R I~ Bt B B

DMBTS



LB3112:
LO3113:
Le3114:
LB3115:
LB3116:
L3117
LAZ128.
Le3121:
Le3122:
LBT123:
LB3Z124:
LB3125:
La31265:
LB3127:
LO3136:
183131
Le3132:
LB3133:
LB2134:
LOZ135:
LAZ136:
LBI13T:
LO3140:
LB3141.
LB3142:
LO3143:
L3144,
LBZ145.
LOZ146:
LBZ147:
LB315a.
LAZ151:
LBI1SS:
LBZ153:
LE3154:
LOZ1SS:
L3156
LOBZ1ST:
LAZ160;
LBZ151,
LBZ1E2:
LB3I163:
LEBZ1E4:
LOZ1ES:
LAZ1EE:
LOZL1ET:
LGE31TA:
LBZITL:
LB3172:
LB3173:
LO3174:
LB31I7S:
LE3175:
LO3177:
LB3209.
LB3201.
LO3202:
LB3283:
LAZ204:
LB328S:
LB3206:
Le3207:
L8321a.
LO3I211:
LB3212:
LB3Z213:
LB3214.
LB83215S:
LB3216:
LB3I217:
LB3228:
Le3221:
La3zz22:
LB3223:
LB322%:
LB3225:

11..1111.1
1.1.1..1..
1.1..1.111
1.1..111.1
11.11...1.
L.oo1110118
11.1111.11

11...1....
L.111111t.
S DU S
1.1.11.1..
D DA
L1111 01,
1111111, 1.
L.1.110111
.11.11..11

11,0
1101010
1.111.1.11
11..11.111
.1.11.1.1,
..... 111..
RS S N TN
1..1.1..11
D B DI SRR I
111.1.1. 1.
1100101,
1....11111
A T
11,11,
1100111,
.11.111. 1.
L1111.1.11
L.110011L,
PR | S
Lo1181111,
1.1..1....
1.11.11. 11
11111111,

R PR S
11180101,
1111, 1.1,
11000111,
111111.1. 1
P DRGNS & DO
L1111, 0111

->
-2
->
=2
->
-

->
-2
->

->
->

->
=->

->
-2

->

-2
-2
->

->
->

-2
->

->
->

->
-2

->
->
->
-2

L3316
L3245
L3011
L3244
L3361
L3244

L3211

L1125

L3845

L1132
L3202
L3325

L3245
L3247
L3835
L3336

L3eia
L&152

L11Se

L3855
L3154
L3282

L2165
L&ELES

=
(OS]

(R

-y
oM

L3224

L3207
tizez

L3172

Lsa2i2
L3266

L3604
L3153

L3a51
L1226

L3375

L3171

4,099,246

RTPO

444
ko ok

TONS1

##4HE  TDHNSZ -
ekttt ke
INTG

DHSTY -

FHoDE -

MAG4

sk ek

onsHe

DHEFA
#3444 DHSTE
ek s ke

FIDGTE:

ODECE -
PeeTy
Hedigorkok
sk LPI1Y

INTY
INT2

INTS

skkkk  FIDGT2:
INTE

INT?
SUB1O
sokkkk  ADDIO .

FDGT? -

kdkkk  WAITSO:
RMODZ

INT3

30
C -1 ->CILX1]
JSB LD21
JSB DYDZQ
JsB PIz2t
GO TO HPvYZ@ -
JSB RTP13Z
JSB HPY33
DATa -> C
JSB Annie
DELAYED SELECT GROUP 1
SELECT RO 1
NO OPERATIOH
A-1->alP]
IF HO CARRY GO TGO TINS3Z
DELAYED SELECT GROUF i
SELECT ROM 1
JSB IHTS
GO TO FRTH14
cC+1 -» CL¥]
JSB LD2G .
8 -> <18
GO TO DYD3d
J5B MOD1&
A -1 ->AF]
IFF HO CaRRY GO TO FHOD1
GO TO FHOD2
NO OFERATIOH

8 -> Cry1l
c+1-~->CLP]
IF 87 # 1

THEN G0 TO TAHH
SELECT ROM 5
@-C~-1->CIS]
1 -> &g
DELAYED SELECT GROUP 1
SELECT ROM 1
8 -> 57
A+ 1 -> ACKS]
IF MO CARRY GO TO FIDGT?
GO TO DMSTD :
JSB IHTE
DELAYED SELECT GROUF 1
SELECT ROH 2
SELECT ROH 6
IF S6 % 1

THEH GO TO RMODE
GO To RTP3 ‘
C -1 ->CCX)
P-1->P
IF CC%1 »= 1 :

THEN GO TO INT3

B -> CLWP1]

A EXCHAMGE CLX]
C -> ALR]

GO TO IMT?
SELECT RONM 1

12 -> P

C -> ALYl

IF CL¥31 = 9

THEN GO TO IHNT2
e ~-> CLyl
RETURHN
8 -C~-1->CL3]
SELECT ROHM 95
GO TO FACTA
A+ 1 => ALKES)
IF NO CARRY GO TO FDGTS
GO TO DMSPB .
GB TO DOCTa
SELECT RONM 1
C+ 1 -> CLX]
C+ 1 ->CIL¥]
C -> ALYl
JSB RMODS
IFP# 2

THEN GO TO INT4
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31 32
150 Lg3226. . 11111.111 <> L3173 GO TO IHTS
151 LAZ227: 1.1.11.1.. #4#84%% PTRI . DELAYED SELECT GROUF 1
152 LAZZ28. Lotouoa o => L1231 sk ok SELECT RONM 1
153 Lez2231.  1111111.1, FDGT6 : A + 1 —-> ALHS]
154 Laz232: 1...1.1111 -=3> L3213 IF HO CaRRY GO TO FDGTV
155 LeZ233: 1.1..111.1 <> L3247 TDMSG . JSB MODIBD
156 4. 11.11...1. A -1 ->alPkP)
157 .1.1.11.18 -> L3126 IF NO CARREY GO TO TDIMS1 -
158 S1111.101. C+ 1 ->CL¥]

159 LE2237: 11..111..1 => L3316 Jsg LI31
166 LB3248. 1.1. 1...1 => L3244 . JSB HPY3G
161 LE2241. R 1 .1 -5 L3812 JEB PI2A
162 LA3Z42. 1.1..1.1.1 => L3245 JSE DYIZH
163 LE3E43:. . 1. 11 .11 ~> L3134 GO TO TDMs2
164 244 11...1.... -> L&gds ®dwkk MPYI® . SELECT ROM &
165 45 11...1...: => Lez24& wdkak  DVWDEE . SELECT ROM &
164 46 111.1.111. MOD11 . A E¥CHAMGE LWl
167 : S A DU DR MODiEe .  C EHCHAHGE ©
168 250 11...1.1 C ~-> ALy
169 1. 1.1.1.. C EXCHAMGE
1va S22 ... 11. ’ 8 ->F
171 3 N DR | g8 -> st
172 LBZ254. 1.1....1.. . i ~-> §14a
173 255, IR B SR : RETURMH
17 : 1,010, DMSTS . IF S4 # 1
1795 7 J1lLoititt -3 L31ev THEM GO TOQ DMSTe
176 g, .1..1..1.. : 8 -> 54
177 1: 1.1....1.. . 1 -> 518
178 2. 110101, STRCK -> A
173 2: 11,...11.. 12 -> P
180 4 1...1..1.1 -> L3211 . JsB wmilie
191 3P L1011, .11 => L3180 . . GO TO TIME2
is G 1..... 1..1 => L3z6z - FACTG : JSB IHTH,
33 7 1.1.11.1.. L313:32 1] DELWYED SELECT GROUP 1
'184 Lazara:. ... .. 1.... => LO271 drkik g SELECT ROM @
125 LAZ271: 1...4....1 => L3219 RTPS . JSB SUE1S.
186 Lgz272: 1.1..11..1 => L3245 RMODA . J3B MOD1L
187 LB3273. 11,11, ..1. A -1->aAlP]
1g2 LR3ZE74. 11111, ..11  =-> L3378 IF HD CARRY GO TO EMODZ2
183 LAZ27S: L1118, RMODE . IF S5 # 1
198 LOZ2ve: 11.1.1.11t  ~> L3325 THEH GO TO FRTHi4
191 L3277 1.1.11.1.. ' HR444 DELAYED SELECT GROUF 1
192 LB23049. L1000 =) L13et ek e ok SELECT ROM 1
133 LB333al. 1.1..1.1.1 -5 L3245 PTR2 . JSB LVDR3a
194 o L1111, .. STACK ~> R
195 N S S . C => STACK
196 1.1..1...1 => L3244 JSE MPY29
197 1..1.11111 -» L3227 GO TO FTRZ
198 J111..1.011 -3 L3teR GO TO ODECS
199 1..... 1..1 =-=> L3281z FRACB : JSB IHTE"
208  LB3318. ... .. 1.... => L8311 ekecke ke e SELECT ROM @
291  LA331t. ... i.... =2 LB312 wkakk  NOSFH4: SELECT ROM 9
282 1.1..1...1 => L3244 JSB HMPYZA
203 1.1.11.¢.. : [:3:3:2:1 ] : DELAYED SELECT GROUP 1
294 : o101, ... => L1315 skokecke ok ok SELECT ROM 1 -
2895 L2315, L.1o 1.0 => L1316 w#wkk RTP3 SELECT RGM 1 °
295 LR231E; 1.1....1.. Lpsy . 1 ~-> 514
207 LAZ3LT: L11...0111, LDbsg . € -> AfuWl
288 LAZ3286. 11....11. 12 -> P
289 LOZ3221: . 11 111 . @ -> CLW]
218 : .1.11...1. C-1->CIP1]
211 s I & I ) RETURN
212 LB332: .1 111111 -> L2117 GO TO RTF9
213 LBZ32s. .1...1.... -> L2326 #4kkdk FRTHi4:. SELECT ROM 2
214 LBZZzE B S S A - -3 #4kkd FRTM1Z.  SELECT ROM 2
215 LBz2z 11.11...1. DMSTZ . A - 1 ~-> ALP]
216 LAZEZR: Ji.118..11 -> L3134 . IF HO CaRRY GO TO DMSTH
217 LBZ331. 11.1.1.111  -> L3325 " GO TO FRTH14
21¢e LEZ233I2: 1.1..1....  =>» L5332 #amkok  EXIT . SELECT ROM S5
218 LB3333: 1.1..1.1.. IF Si1g # 1
228 LBZE34. 11.11.1.1t  ~> L3332 THEN GO TO ERIT
221 [ B I RETURN
2ze S DAV & 5 I FMOD2 : € => ALW1I
2232 : ... 1.111, . 8 ~-> BLU1l
224 LB3Z4a. 11....11.. 1z -> P

22% LB3341. 1.1.1..1.. ) 8 -> S1o




226

231

237

255

ROMO4

WONAANLWUN-O

LAz342:
LB3343:
LB3344:
LBZ345:
LA3Z346:

LB3347:
LO3356.
LAZ351:

LB3352:

L2370,
LAZ371.
Le3372:
LA3Z3TS:
LO3374.
LB3373.
LO337?

LBZETT.

0BJECT

LO4900:
LB4a01 .
LB4002:
LB40az3:
La4604.
LO46AS:
LB46086:
LA40a7 .
LB40819:
La4a11:
LB4912:
LBe4a13:
LB4014:
LB4815:
LO4016:
LB4817:
LB46820:
LB4821.
Led4nza;
Le4a23:
Lad024.
LB4825:
LB4826:
L4827
LEs033:
La4a31.
LB4232:
L 84033
LB4a34:
LB4635:
LAYB3ZE:
LB4A3T:
La4040.
[REISES
LE4342.
LA4843;
Las044:
LE4045.
Ladades.
LB34847:
L84S,
Lesa5].

33
AN S
IEESEES U
111.11.111
S11.1.1.1,
111.11.111
SIS

11.11...1

1..1 11
L1111.1. 1.
11..1111.1
1.1..1...1
R DO P |
1.1..1.1.1
1.1111.111
PROGRAM
1..... 1111
1.1..1.
1.1..0....
1.1,
1..11.1111
1..... 1111
1..... 1111
J11.11.111
1..... 1111
11,1111
L1111t
S TS S |
1..... 1111
111...111
1.1.1.....
R DA
1..... 1111
1.1..1.
1.1..1
1.1..1
1..... 1111
1.11....11
1..... 1111
1..... 1111
1..... 1111
1..... 1111
1..... 1111
1..... 1111
111.1.11..
11111111
L1111 00
1o.... 1111
1..... 1111
b T DO S
..... 1....
1..... 1111
RS § SR
L1110 .11
1..... 1111

->

->
->
-2
->

->
->
=>
->
->
->
->
=>
->
->
-2

-2

->

->
-
->
-2
-2

->

->
-2
->
->
->
-2

->
->
->
->
->
->
->

-;

-2

L3355

L3355

L3145

L3165

L3ove

L4353

Lazez
L4203
L5045
Leg4s
L4283

L41&3
L4283
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34

IF MO ChRREY GO TO RHMODZ

}

0 70 MAGE

T0 MAGE

0 70 MAGY

TO LPIfY

13

[}

RESS
bl

TO FCHzg

1 -> 51
MAGH C + 1 -> CLHS
IF HO CARRY G
IF CLX) =9
THEH GD
8-> CIiwl
. e ->°P
LOAD COHETAMT S
12 -> F
A+ C ->CL®]
IF HO CARRY &
MAG3 IF 57 # 1
THEH GO
A EXCHAHGE CI
GO TO SIM12
RTP13 .+ C -> ALY1]
ADRS B EACHAHGE CC
C-1->CLP]
€ -> DATA ALD
B EXCHBHGE CL
@ -> BLu]
RETURH
RMOD2 : A - 1 => ALF]
C+ 1 -> CLX]
J58 LD29
JSB HRY3A
RMODS : JSE FI1z9
JSB DYWD33
GO TO RMODS
NOOP GO TO FCH153
NO OFERATION
sdkkk  DIG3 SELECT ROM 5
#kkkt  DIG2 SELECT ROM 5
sk DIGI SELECT ROM S
GO T3 PADS
MPY 60 TO FCHI1Z
KHEY GO TO FCH19
G oo T P3
RUP GO 7O FCH1%
, RCL GO TO P4
STO G0 TO PS5
FI GO TO FS
RDN 50 TO FCH19
F GO TO P?
FCH21 1 -» F5
dkskedeopk  FOHS SELECT FOM 1
EHCG G0 TO FOHLS
dkkawk  DIGS SELECT ROM S
*kkdkk  DIGS SELECT ROM S
tackkk DIGY SELECT ROM S
NO OFERATION
PLS GO TO FCH1%
GO TO UFCH9
E . GO TO FCH1Z
XEQY G0 TO FCH1?
D GO TO FCH1%
c GO TO FCOHI2
B GO TO FCH13
NG OFERATIOH
@ : GO TO FCH13
FCH2? : IF P # 14
THEN GO
JSB LSTH
BATA GO TO FCH1Z
, LEC GO TO FCH19
s#¥schk  DIGY . SELECT ROM S
sk UFCH1O:  SELECT ROM &
VYD GO TO FCHLR
RSETP RETURH
557 G0 TO P2
HGTY GO TO FOM1R




117

LE4ASE.
LA4053:
LB4a54.
LA4RSS:
LO4ESE:
LR4asT:
LE4mEa.
LB4ast:
LA4Dsz:

L4100,
Lag10t.
LB4102.
LO4183,
LB84104.
La4105:
L4105,
Lad41a7:
Let1is.
LB4111.
Lad1i2.
LB4113.
LO4114;
164115
Le4116:
LB4117:
Le4124.
LB4121.
Led122.
LB4123.
Lo4124.;
LO4125:
La412¢.
LB4127:
LO4130.
LE4131.
L4132,
LAa4133.
Le4134.
L4135,
L84135.;
LO4137.
Le4140.
Lad141.
LB4142:
LB4143.
LB3144.
LA4145:
LB4145.
LB4147:
Led4159.
La41351.
La4132:
L4153
LA4154.
LA415S:
L4155,
LB4157.
LO4166.
184151
LO4152:
LB41E3.
LB41:4.
LA41ES:

35
111010041
1111111
111011011
11111811
11.1111111

e p
J11181111,

S1i111111 L

R b B
1.1....1..
1111111, .1
11.11.11..
Lo 1111111
11,1111, 1.
1..1.1.111

.10

1....1.1..
11. 1111111
R U U P
11,
1...... 1..
Loo111111
TS

10110011

D S S
1.1111.1.1
111...1111
1.11..11..

L1101,

->
=2
-2

->
-3

->
->
->
->

-2
-7

->
-2
->
-2
-2
->

-2
=->

-2
->

-

Ld1ed
L41ed
L4186

L4376
L4037

L4225
L4821

L4337

L4217

1.4130

L423@
L4127
L4275
L4343

L4257

L432e8
L3154

L4237
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36
TTH SO T P ‘
LEL G w1l
GTO 50 TO P11t
HO OFERATIOH
nse . GO TO FCHB
T G0 TO FCHE
#4848 ARTHY . RDELAYED SELECT GROUP 1
Aok shok o SELECT RoOM @ T
wkch DIGS SELECT ROM S
#pwdk BIGS SELECT ROM &
andkk  DIGT SELECT ROM S
HO OFERATIOHN
MHS GO0 TO FCH1D
KLEY GO TO FCH12
CLR IF CLM] >= 1
THEH GO TO CLR2H
EEX ;GO TO FCH13
CHS v GO TO FCH1S
LSTX GO TO FCHi3
FCH2S JIB RUP
ENTR 50 TO FCH13
FCH1t IF P # 12
THEH GO TO FCH23
JSB XHEY
UFCH4 . IF 539 # 1
THEH GO T0O UFCHS
MARK AHD SEARCH
: cC+ 1 ->CLS]
UFCN? . C + 1 =-> C[S]
CLEAR STRTUS
1 -> S108
JSEB UFCH&
FCN23 . IF P # 132 .
THEN GO TO FCH2T
A~-1 -> ALKS] .
IF HO CAREY GO TO FCH24
JSB EXCG .
. NO- OPERATIOH -
FCN7 c % 1 => ey
IF &2 % 1
THEM 30 TR ECHD
FCH26é : - C EXCHAMGE i
CLERR STRTUS
1 -> S8
© GO TO RTHN? -
MCIRCO: @ -> S11
HMCIRCI: 6 -> FS
JIF S11 # .1
THEN GO TO MCIRC1
@ -> FS :
RETURH
CLR2B . 3 -> P
- IF CIP1 = ©
THEN GO TO CLR23
MEMORY DELETE
JSB MCIRCA
CLR21 : MEMORY LELETE
JSB ARBTRZ2
GO TO FCHZ@
11 -> P
IF CLP1 >= 1
THEM GQ TD UFCH3
16 -> F
IF CLP1 5= 1
THEM S0 TO UFCH®
ook SELECT ROM S
GO TO FPADZ
P3 P =-1=->F
P4 F=-1 =
FS F -1 -5 ¢
F& F-1--17 60,56,62
[ R
, @ > LU
P2 : P -1 «-> P
[ L o
P10 -1 - F




118
119
120
121
122

124
125
126
127
128
129
130
131
132
133
134
135

137
138
133
140
141
142
143
144
145

147
148

156
151
152
153
154
155
156
157
158
159

161
162
163
164

166
167
168
163
17e
171
172
1?73
174
175
175
177
178
179
189
181
182
183
184
185
186
187
138
133
190
191
192
193

LO416E:
LOI1ET:
LB4170:
LA4171:

La4172

LB4173:
LB4174:
LB4175:
LB4176:
LBA177.
La428a.
LO4281:
LO4282:
LB4203:
Lg4204.

LEa42a%

Lag20s:
LO4287:
Le4210:
LB4211:
Lad4212:
La4213:
La4214.
LO4215:
LB4216:
LB4217:
LB4228:
LB4221:
Lag222.
LO42232:
LB422%:
L84225:
LB4226:
Let22?.
LB4230:
Le4231:
La4232:
LB4233.
La4234.

La423

LO4236:
LB4237:
LB4249:
Loaz4l:
Lag4z242.
LB4243.
LB4244.
LB4245:
LB84248.
LO4247.
LE4258.
Le4251 .
LA42S2.
L1253
LO4254.
La$235:
LB425E.
LB42S57:
LA4268.
La4as1

LO4282:
LO42R3:
LB4264.
LB42e3.

LB4ZS5E

LO4ZE7:
1.04278.
La4271.
LB4272:
Lo4272:
LO4274:
LO427S:
Lo427e.
Le4277:
LB4328;
LB4301.

11...1.111

1..1...1..

11111111
DS DU & i
.1.1.4,
1 1. 111 1
R O
1. 11 11
.1.1....11

1.1..... 11
11.1111111
11.1111.1%.
1111111

110101

.1.1.111.1
D TN SO

1....1.1..

11.11.1.11
11 11111

1 . .11
.1, 111111

.11.1111L
11.111..11
1.1.11..11

.111111111
.11

1 111 11
.11111111
..11.111.1
RN SR B
[ I N SR
1.11..111,
11001118,
11

->
-2

~->

->

-2
-2
->
->

->
-2

->
->

-2

-2

-2
-2

-2
->

->
-2

->
->
->
->

->
-2

L4305
L42ve

L4829
L4343

L4272
L4831
L4350
L4275

L4817
L4342

L4127
Liz2e

L4120

L4240
L4337

L487%
L4015

L2232

L4127

L4127
L2244

14332

.L4z1e

L4334
L4254

L4127

L4647

L4127

L4334

L4127
L4358

L4266

L4127

L4177

L4951

L4877
L4967

4,099,246

Heokeoke ok ok

#bnad
ke

skosdeskok o

Pil

38

P= 1 =5 P

FCHA

S S

FCN3 .

FCH19 .

VHi-H 50 TA
J3B AHZIEL
t -> &3
POINTER ADYAHCE
IF 63 # 1

THEH GO T0O FCHZ
GO TO FCHz8
IF P % 10

THEN GO TO
JSB MERYW
GO TO LER1

FoHt

FCH1G

FCH22 -

JEB ARSTRS
IF 23 #

RTHZ .

RTH7
FCH4

THEH GO Ta FoHEL
GO TO Fiidl2

P AR
NO OPERATION

MARK AHD SERRCH
CLEAR STATWS

1 -> S8

C+ 1 ->¢C[8]

‘@ -> CLH1]

C EXCHAHGE M

JEB MCIRCH
SELECT ROM 1
IFP #9 66,68

FCH24 .

CLRES .

PAD1
PADB

PAD3

PaDz
RTNG

RTHS

RTHE

UFCH3 .
UFCHD .

FCN3

THEH GO T3 FLHY
IF 83 & 1

THEH G0 TO RTHAG
GO TO FCH=
A -1 -> AlKS)
IF HO CARERY GO TO FEH25
JSB RDH
DELAYED SELECT GROUFR 1
SELECT ROM 2
1 -> F1
POINTER AIYAMCE
JSE MCIRCH
POIMNTER ADYAHCE
JSB MCIRCO
SELECT ROM 2
IF S8 # 1

- THEHM GO TO RTHI1

IF CLs1 =9

THEM GO TO RTHZ
cC -1 ~> cre
IF CLS1 = @

THEH G0 T PTH4
GO TO RTHE
SEARCH FOR
JEB MCIRCE
1 -> F°?¢
JEB RESETF
SERRCH FOR
JSB MCIRCH
GO TO RTHZ
SEARCH FOR
JSB MCIRCHE
GO TO UFCHZ2
IF €3 # 1

LAaBEL

LABEL

LABEL

FCHIS .

THER G0
MEMORY NELETE
NI Y
T~ F7

TO FCHLS

FCHN1O .

ARSTRZ:
ARSTR1:
ARSTRA.

A
IHEH 502

JEB_ HGTN

IF P & 11
THEM GO T0 FCHI11

JSZ8 KLEY

8-> ClHl

C ERCHAMNGE M

SHIFT PILHT Akl l

T FCHZ




243
24
247
243
243
259
251
252
253
254
255

ROMBS

BVONMNNLEWN-D

-

L4302,
LO4Z03.
LE43a4d,
LB4205;

LB4318.
LO4311:
L4312,
LE4312:
LA4314.
LE4315.
LAY316:
LB4217:
LO432a.
LA4321:

La4331.
LE@4332:

LE4340.
Lad43241.
LEBdza2:
LAd4343:
Lﬁru44:

L4327 4:
LR4ZE7S:
LB4376.
LR43vyy.

OBJECT

LBSao0.
Lasenl.

LBZa0s.

LB3604.

LBSas3:
Lasees.
Laseay.
LesSel1e.
Lasell.
LASe12.

39
1.t.......
1 11.11
1..11.1111
11.1..11
1..1.. 11
1.11..11
11.1..11
1.11..1.11
110011
11111.....
1..1. .11
11.1..
1.1..11.
11.1...1.
11....11
11...11%

1...111111
1.1111.1.1
111...1.11

S11.10 001
1111.11.11
. RPN B
R T S R

10111
11311.11..
11..1.1.11

BB S DUV I

1101011,

1.11111111
11111.1. 1.
11111.1.1.
11111.1. 1,
R D U 8 §
1....1.111
111..1....

11.1.. 111,
1.11111...

->
->

-2
-7

->

L4188
L4233
L4220

L4262

L4228

L4060

L4325

L4217

L4258

L1337
L4276

L4127
L4217
L4275
L4342

L4089

L4371

L4368

L4845

L4312

- Lapes

L4257

L4182

L4260

Ls27e7

LSe44
Lszas
L7e10
L5368

4,099,246

40
UFCNS : SEARCH FOR L&EREL
GO TQ UFCHT
GO TO PADD
FCN1 . IF ciMl =9 - 58,56
THEH &0 70 FoHd
C -t = 0l
TFCiiy =8~ 64
THEH G0 T3 FCHZ
FCN6E 8 -> CIlM3]
8 -> F7?¢
‘GO TO FCH4
KEX¥S -> ROM QDDPE““
$.-> P
IF CLFP1 = O
THEN GO TD ARTH4
2 -> ClH1l
SHIFT LEFT ALK
“SHIFT LEFT ALHX3
cC+1 ~->CILPR1
STO3Z6 . cC+ 1 ->CI[P]
A -1 -> ALRE]
1F HO CARRY GO TO STQ3é
C ERXCHAHGE M ’
GO TO RTH7
RTHI IF €9 # 1
' THEH GO TD RTHS
RTH3 8 -> CLHE1]
C EXHCHANGE M
bRk SELECT Pun 1
FCHE 4
FCH1E .
FCH132
FCHZG
FOHS
LER1 BUFFER
G T W
UurFcHa @ -> F3
IF CtM1 = 8
THEH GO TO UFCH1
1ig -> P -
IF CIP] = 8
E THEM GO TO UFCHE
UFCHE a -> CCM1
C EXNCHANGE H
GO T UFCHL1G
FCH28 . IF P # 15
THEH GO TOD FCH&
JSB HOOPR
"UFCH2 11 -> F
IF CLP1 >= 1
THEN 50 TO UFCH3
UFCN1L 8-> M3l
IF S8 # 1
THEHN GO TO UFCHS
MAaRE AHD SEARCH
CLEAR STATUS
UFCH5 1 -» 82 :
GO TO UFCH2
DUNMMY NO OPERRTIOH
ERR2 GO TO ERR!
DIiG4 . A+ 1 => AalAil
DIGS . A+ 1 =5 AalAl
nIGgz2 A+ 1 =-> ALK
IF HO CARRY GO TO DIGI
GO TO MPY1

MPY :

wokkekok FMLA

XNEY

SELECT ROM 7
JSB SETRLZ
A-C -> AlW]
DATA -> C



LB5813:
LeSa14.:
LBSB1S:
LOSAlE:
LBSA1T:
LBS820:
1856821
LaS@e22:
LBS023:
LOS824:
LBSBZS:
LOSE2E:
LBSB2T:

Laga:

LB5Sazl1:
LOSaz2:
LBSa33:
LESAZY:
LBSH3IS:
LOS03E.
LBSB3T:
LBSe4a:
LESa4L .
L3042 -
LAS@43:
LaGa44:
LESE4S:
LESA4E:
LOSE4T:
LASesa:
LESAsL:
LBSAS2:
LASAs3:
LASAS:T:
LASE3S:
LASESE:
LBsa37:
LASH:a.
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A EXCHANGE CLH]
IF ClHY = &

THEH GO T4 ADDS
A EXCHAWGE CILUW]

B EXCHAHMGE CLH]
IF A »>= L]

THEH GO TO ALDY
SHIFT RIGHT BLU1]
A+ 1 -> AlK]

IF BLU]1l = @&

THEH GO TO
GO TO ADDS
MO OFERATIDH
A+ 1 -> alxs]
IF HD.CARRY GO TO FIDGT2

ADDY

1 -> S

1 ~> 89
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a -> CLH1]

& EXCHAHGE W

a - Blul

B EXCHAMGE CLU]
C -> DATA ARDDRESS
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C -> DATA

12 -> P

RETURH

SELECT ROM £
CLEAR STATUS
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1 -> 85

GO TO ERRZ
SELECT ROM 4
SELECT ROM &
JSB SANVAL
SELECT ROM 3
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SELECT ROHM 4
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SELECT ROM 2
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THEH GO TO FRTHE

RETURH
C ERCHAMGE M
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We claim:

1. An electronic calculator comprising:

a keyboard having a plurality of keys for entering
information into the calculator;

encoder means connected to the keyboard for gener-
ating key codes corresponding to the keys on the
keyboard, each key code having a predetermined
length and being generated in response to a particu-
lar key being depressed; and

processing means connected to the encoder means for
processing key codes, for producing a merged key
code in response to receipt of a first selected key
code followed by one of a plurality of second key
codes, the merged key code having a length
shorter than the combined lengths of the first se-
lected key code and the one of the plurality of
second key codes, and for substituting the merged
key code for the first selected key code and the one
of the plurality of second key codes.

2. An electronic calculator as in claim 1 including a
program storage memory connected to the encoder
means and the processing means for storing a program
of processing steps in the form of a series of key codes,
wherein the processing means produces the merged key
code upon receipt of the one of the plurality of second
key codes and inserts the merged key code, instead of
the first selected key code and the one of the plurality of
second key codes, into the program storage memory.

3. An electronic calculator as in claim 2 wherein the
key codes have a fixed length and the merged key code
has the same fixed length.

4. An electronic calculator as in claim 3 wherein the
processing means includes:

a status register connected to the encoding means for
storing an indication of the generation of the first
selected key code;

a first comparator connected to the status register and
the encoder means for generating an output signal
when the first selected key code has been gener-
ated;

a second comparator connected to the first compara-
tor and the encoder means for generating an output
signal in response to generation of the one of the
plurality of second key codes and the output signal
to the first comparator; and
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a4 -> BLW]
B EXCHSHGE CCWI
cC -1 - 0C0%]

SHIFT RIGHT CCH]
C -> DATh ALDRESS
B ~> CLWI
CSTACK ~> A
C -> DATHA
SETRL1: A EACHAHGE CLW]
C ~> STACK
1 -> 54
RETURH
JSB ADID3
14 -> F
GO TN FRTH3

code generating means connected to the second com-
parator and the program storage memory for gen-
erating the merged key code in response to the
output signal of the second comparator and for
inserting the merged key code into the program
storage memory.
5. An electronic calculator as in claim 1 wherein the
key codes have a fixed length and the merged key code
has the same fixed length.
6. An electronic calculator comprising:
a keyboard having a plurality of keys for entering
information into the calculator; '

encoder means connected to the keyboard for gener-
ating key codes corresponding to keys on the key-
board, each key code having a predetermined
length and being generated in response to a particu-
lar key being depressed;

a memory connected to the encoder means for stor-

ing key codes; and

processing means connected to the encoder means

and the memory for processing key codes, for pro-
ducing a merged key code in response to receipt of
a first selected key code followed by one of a plu-
rality of second key codes, the merged key code
having a length shorter than the combined lengths
of the first selected key code and the one of the
plurality of second key codes, and for inserting the
merged key code into the memory.

7. An electronic calculator as in claim 6 wherein the
key codes have a fixed length and- the merged key code
has the same fixed length.

8. An electronic calculator as.in clalm 6 wherein the
processing means includes:

- a status register connected to the encoding means for
storing an indication of the generation of the first
selected key code;

comparator means connected to the encoder means

and the status register for generating an output
signal when the one of the plurality of second key
codes has been generated; and

code generating means connected to the comparator

means and the memory for generating the merged
key code in response to the output signal of the
comparator means and for inserting the merged

key code into the memory.
* % * *x %
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