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ABSTRACT

An electronic postage has a working memory and a
non-volatile memory. A voltage sensing circuit senses
low power conditions, and, in response thereto, con-
trols a data transfer circuit to transfer data from the
working memory to the non-volatile memory.
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POSTAGE METER HAVING MEANS
TRANSFERRING DATA FROM A WORKING
MEMORY TO A NON-VOLATILE MEMORY

UNDER LOW POWER CONDITIONS

This application is a division of application Ser. No.
694,813, filed June 10, 1976, which, in turn, is a division
of application Ser. No. 536,248, filed Dec. 23, 1974, and
now U.S. Pat. No. 3,978,457.

The invention relates to an electronic postage meter
system, and more particularly pertains to an electronic
postage meter system built upon a micro computer
system.

BACKGROUND OF THE INVENTION AND
RELATED APPLICATIONS

The present electronic postage meter system is a
second generation, stand-alone postage system super-
seding the predecessor system generally shown in co-
pending application, Ser. No. 406,898 filed Oct. 16,
1973; application Ser. No. 195,729 filed Nov. 4, 1971,
now U.S. Pat. No. 3,832,946; and copending applica-
tion, Ser. No. 337,234 filed July 9, 1973.

The prior postage meter system was one of the first of
its kind using electronic accounting and control tech-
niques to record and keep track of postage operations.
The present inventive posttage meter system follows in
the steps of the previous system, but adds versatility,
compactness, and flexibility to the electronic metering
concept. The TTL logic of the prior system has now
been replaced by a totally self-contained postage system
built around an LSI micro computer set. The micro
computer set provides flexibility by affording easy sys-
tem changes by the addition of peripheral equipment
and associated programming. The entire personality of
the postage system is determined by the instructions in
ROM. The inventive micro computer postage system
can have the programmed capability of a more intricate
system built into it, and when there is a need to expand
the system, it can be accomplished without having to
make intricate wiring changes as was required with the
prior TTL logic system. Each micro computer postage
system may thus be specifically fashioned to the needs
of the individual user without difficulty.

SUMMARY OF THE INVENTION

The invention relates to a computerized postage
meter system employing a central processing unit, a
plurality of memory units, a multiplex input and output,
and postage setting means responsive to the controlled
interactions between the CPU, memories, input and
outputs, for setting predetermined postage and printing
the postage as desired. The system is built up about a
plurality of LSI components and employs LSI technol-
ogy to provide a functional relationship enabling the
electronic postage meter system to accomplish its pre-
determined functions.

In general configuration, a central processing unit for
providing the data flow control and for providing cal-
culation of postage in accordance with input supply
thereto, is the essential element of this system. Coupled
to the CPU is a permanent memory for storing a postal
data program and is a non-alterable storage medium. A
temporary memory is also provided for storing and
forwarding working data in accordance with the opera-
tion of CPU. A non-volatile memory is intercoupled
with the CPU and provides a permanent or nondestruc-

5

20

25

35

40

45

65

2

tive storage location for postal funding data in accor-
dance with the transfer routine previously established
and activated in accordance with a shut-down or start-
up sequence of the system. The use of a nonvolatile
memory is important in that data which is significant in
the system, such as the contents of descending registers
which keep track of the remaining balance in the postal
meter or ascending registers which keep track of the
continuous accumulation of charges thereto, is perma-
nently stored in the nonvolatile memory when the sys-
tem is de-energized. As a corollary, when the system
starts up, the data from the nonvolatile memory is trans-
ferred back into the temporary memory.

Further interaction with the CPU is provided by
means of an appropriate input device such as a keyboard
which provides the appropriate postal data to the CPU
for the calculations to be performed. An output or dis-
play which is multiplexed with the input also interfaces
with the CPU for recalling data from the temporary
storage in accordance with the commands. The ultimate
output of the CPU is coupled to a postage setting mech-
anism which sets the amount of postage to be printed
into a postal printing unit for printing the postage as
desired.

More specifically, the micro computerized postage
meter system is built upon the MCS-4R micro computer
set; a product of Intel Corporation, Santa Clara, Calif. It
will be understood that other manufacturers and equiv-
alent components may be employed and that Intel com-
ponents are used for purposes of example. The micro
computer set is of LSI design, and comprises a central
processor unit (CPU-4004) which performs all control
and data processing functions, and contains the control
unit and arithmetic unit of a general purpose micro
programmable computer. The computer system com-
prises a plurality of ROM's (Read Only Memory Chips-
4001) and a plurality of RAM’s (Read Access Memory
Chips-4002) which are interconnected to the CPU. The
ROM'’s contain the postage system program. One four-
bit input-output port is provided on each ROM pack-
age. The RAM’s provide the system with a working
memory and each RAM package provides one four-bit
output port. A permanent (nonvolatile) memory is pro-
vided for accounting purposes, and comprises a 4 128
bit COS/MOS shift register with hold-up battery. The
computer system also contains shift registers (Intel
number 4003) for port expansion and multiplexing capa-
bility, and associated circuitry including clocks, power
supplies, and interfacing circuits to connect with the
outside world.

The postage setting mechanism, although an indis-
pensable part of this system, is itself one of several com-
ponents including a keyboard for instructing the system,
a display for visually monitoring the system’s functions,
and the aforementioned non-volatile shift register mem-
ory.

The postage printer of the inventive system is a modi-
fied Model 5300 postage meter manufactured by Pitney-
Bowes, Inc., Stamford, Connecticut. The mechanical
accounting means (ascending and descending registers)
have been removed from the meter along with the actu-
ator assemblies and setting levers. The remaining
printer is set by a pair of solenoids and a stepping motor.
The mechanical operation of the printer is monitored by
a plurality of photocells strategically placed within the
printer housing. When a particular function of the
printer fails to be performed, a photocell monitoring
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that appropriate function will provide an error input to
the system via an input port.

The micro computer system also receives inputs from
the keyboard and non-volatile memory through an
input port.

Outputs from the system are generally handled via
the shaft registers and output ports. These outputs in-
clude: (1) data to the display; (2) data to the non-volatile
memory; and (3) control signals to the stepper motor
and solenoids setting the postage printer.

Peripheral devices may easily be added to the system
such as a large external display, a receipt printer, or a
listing printer, etc.

The non-volatile memory of the present system is
similarly protected as in the prior system, because the
meter registers must always be maintained. A shut-
down circuit is again provided to protect the memory
during a shut-down sequence. An enable solenoid is also
provided which inhibits the printer operation when the
meter is not ready or when sufficient postage is not
available for the printing of postage.

Upon application of power to the system, voltage
sensing circuits generate a reset pulse which initializes
the micro computer system and starts executing the
program from address¢. The non-volatile memory is
loaded into working storage in RAM, the postage meter
printer is set to zero (¢), the descending register is
loaded into the display to inform the operator how
much funds are available, and a “‘check date” reminder
is turned on. As with conventional meters the user is
responsible for mechanically setting the correct data.
The system then goes into a scan routine searching for
inputs.

The inventive micro computer postage system has
the following advantages:

(a) This postage meter provides the capability of
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monitoring its own registers for errors. This feature is .

unique to postage metering, and results in greater ac-
counting accuracies as well as improved security.

(b) The present system offers two new registers, a
batch amount register, and a batch count register. These
registers provide a record of the total number of meter
printings, and the total amount of postage printed.
These registers are resettable to zero by the operator.
These extra registers are useful to the user as a means to
gage his mailing expenses.

(c) The postage system of this invention allows for
easier recharging of the registers with additional funds.
Funds can be added without having to do any mathe-
matical computations, or any of the mechanical opera-
tions required to recharge the mechanical postage me-
ter. Funds are entered into the appropriate registers of
the system by (1) entering the amount via keyboard and
operating a switch accessable only to Postal Authori-
ties, or (2) by means of a remote resetting method simi-
lar to that shown in U.S. Pat. No. 3,792,446, issued Feb.
12, 1974.

(d) Setting the postage meter is faster in this inventive
system, since the printer is set by electrical signals in-
stead of mechanical levers. Stepping motor and sole-
noids set the individual banks. Photocells monitor and
sense proper printer operation. The solenoid position a
driving gear from the stepping motor into engagement
with a particular bank of the meter, one bank at a time.
Each step of the motor is monitored by a slotted disc
and photocells. Every fifth step is checked by a second
photocell detecting a slot on the disc which is extra
deep. This provides an additional check on the system.
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Absolute position of each bank is not sensed except at
the zero position. Thus, upon initialization of the sys-
tem, each bank of the printer has to be set to zero in
order to establish a reference. Once the reference posi-
tion has been established, the position of the printer is
controlled by the micro computer.

(e) The inventive postage system has means for add-
ing in special charges to the basic postage rate, such as
special delivery, certification, and insurance charges.

(f) The funding registers of the invention may be run
{(but not necessarily so) to a zero balance. All registers
(funding or otherwise) are variable in size by means of
programming.

(g) As previously mentioned, peripheral equipment
can be easily added to this inventive system to expand
and amplify its usefulness. The system can be rede-
signed to the individual needs of the user without hav-
ing to make costly and intricate changes in the basic
equipment, wiring, or circuitry.

It is an object of this invention to provide an im-
proved electronic postage meter system;

It is another object of the invention to provide a
postage meter system built around a micro computer
set; and

It is a further object of the invention to provide an
electronic postage meter system which is compact, and
which can be easily modified to the individual needs of
the user.

These and other objects of the invention will become
more apparent and will be better understood with refer-
ence to the following detailed description taken in con-
junction with the attached drawings, in which:

FIG. 1a is a functional block diagram of a micro
computerized postage meter system of the present in-
vention;

FIG. 1b is a perspective view of the housing for the
computerized postage meter of FIG. 1a;

FIG. 1c i an enlarged plan view of the keyboard
display shown in FIG. 1&

FIG. 1d is a block diagram of the micro computerized
LSI components making up the postage meter system of
the invention;

FIG. 2 is a block diagram of the peripheral compo-
nents for the computer system of FIG. 1d;

FIG. 3 is a perspective view of the postage setting
and printing apparatus for the computerized postage
meter system of FIG. 1d;

FIG. 44 is a side view of the setting and printing
apparatus of FIG. 3 as taken along lines 4—4;

FIG. 4b is an enlarged partially cutaway perspective
view of the yoke, main gear, and splined shaft of the
setting mechanism of FIG. 3;

FIG. 5 is a front view of FIG. 4z with a section cut-
away to show the intermeshing relationships between
various geared parts;

FIG. 6 is a schematic view of the memory allocation
shown for RAM(¢) 16 of FIG. 14 and its associated
output port;

FIG. 7 is a schematic view of the memory allocation
depicted for RAM(1)17 of FIG. 14 and its associated
output port;

FIG. 8 is a schematic view of the memory allocation
illustrated for RAM (2)18 of FIG. 1d and its associated
output port;

FIG. 8a is a more detailed schematic view of a por-
tion of the memory allocation shown in FIG. §;
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FIG. 9 is a schematic view of the memory allocation
shown for RAM(3)19 of FIG. 14 and its associated
output port;

FIG. 10 is a schematic view of the ROM input ports
of FIG. 14;

FIG. 11 s an electrical schematic for the non-volatile
memory circuitry of FIG. 2;

FIG. 124 is an electrical schematic of the monitoring
circuit for the — 10 volt power supply for the system of
FIG. 14;

FIG. 124 is an electrical schematic of the monitoring
circuit for the +5 volt power supply for the system of
FIG. 14;

FIG. 13 is an electrical schematic of the reset cir-
cuitry for the system of FIG. 1d;

FIG. 14¢ is an electrical schematic for the — 10 volt
power supply for the system of FIG. 1d;

FIG. 144 is an electrical schematic for the +5 volt
power supply for the system of FIG. 1d;

FIG. 14c is an electrical schematic for the —24 volt
power supply for powering some of the peripheral com-
ponents shown in FIG. 2;

FIG. 15 is an electrical schematic of the circuitry
associated with the shift register (¢) 20 of FIG. 14 for
multiplexing the keyboard and the display of FIGS. 15
and 1c;

FIG. 16 is an electrical schematic of the keyboard and
the display shown in FIGS. 15 and 1¢;

FIG. 17 is an electrical schematic of the circuitry
associated with shift registers (1)21 and (2)22 of FIG.
1d, for controlling the indicator lamps of FIG. 16;

F1G. 18 is an electrical schematic of the decimal point
circuitry and the decoder driver circuitry for the dis-
play of FIGS. 14, 1c and 16;

FIG. 19 is an electrical schematic for the meter moni-
toring photocells, the stepper motor coil drivers, and
the print sensing photocell of the setting and printing
mechanism of FIG. 3; ‘

FIGS. 20 and 21 show a generalized overall opera-
tion for the system of FIGS. 14 and 2, in a flow chart
form;

FIG. 212 shows a flow chart for the subroutine
CHCK for the system of FIGS. 14 and 2;

FIG. 22 depicts a flow chart for the subroutine
INRAM for the system of FIGS. 14 and 2;

FIG. 23 illustrates a flow chart for the subroutine
DOWN for the system of FIGS. 14 and 2;

FIG. 24 shows a flow chart for the HOME subrou-
tine for the system of FIGS. 14 and 2;

FIG. 25 shows a flow chart for the SCAN subroutine
for the system of FIGS. 14 and 2;

FIG. 26 depicts the chart for the subroutine FCTN
for the system of FIGS. 1d and 2;

FIG. 27 illustrates the flow chart for the digits sub-
routine for entering numbers into the display for the
system of FIGS. 14 and 2;

FIG. 28 shows the flow chart for the subroutine SET
for the system of FIGS. 14 and 2;

FIG. 29 depicts the flow chart for the subroutine
UNLCK for the system of FIGS. 14 and 2;

FIG. 30 illustrates the flow chart for the subroutine
POST for the system of FIGS. 14 and 2;

FIG. 31 shows the flow chart for the subroutine ADP
for the system of FIGS. 14 and 2;

FIG. 32 depicts the flow chart for the subroutine
SUBP for the system of FIGS. 14 and 2;

FIG. 33 illustrates the flow chart for the subroutine
PLUS for the system of FIGS. 14 and 2;
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FIG. 34 shows the flow chart for the subroutine
CLEAR for the system of FIGS. 1d and 2;

FIG. 35 depicts a flow chart for a subroutine for
calling register contents into the display for the system
of FIGS. 1d and 2;

FIG. 36 illustrates a flow chart for the subroutine
ENBLE for the system of FIGS. 14 and 2;

FIG. 37 illustrates a flow chart for the subroutine
ERROR for the system of FIGS. 14 and 2;

FIG. 38 shows a flow chart for the portion of the
subroutine SCAN of FIG. 25 referred to as SCANX for
the system of FIGS. 1d and 2;

FIG. 39 depicts a flow chart for the subroutine
LDLMP for the system of FIGS. 14 and 2;

FIG. 40 illustrates a flow chart for the subroutine
OUTPT for the system of FIGS. 14 and 2;

FIG. 41 shows a flow chart for the subroutine
FETCH for the system of FIGS. 14 and 2;

FIG. 42 depicts a flow chart for the subroutine
CMPAR for the system of FIGS. 14 and 2;

FIG. 43 illustrates a flow chart for the subroutine
CHECK for the system of FIGS. 14 and 2;

FIG. 44 shows a flow chart for the subroutine
ADDD for the system of FIGS. 14 and 2;

FIG. 45 depicts a flow chart for the subroutine
ADDI1; ADD?2 for the system of FIGS. 1d and 2;

FIG. 46 illustrates a flow chart for the subroutine
CLDSP;CLEER for the system of FIGS. 1d and 2;

FIG. 47 shows a flow chart for the subroutine CLR
for the system of FIGS. 14 and 2;

FIG. 48 depicts a flow chart for the subroutine STPB
for the system of FIGS. 14 and 2;

FIG. 49 illustrates a flow chart for the subroutine
ZERO B for the system of FIGS. 14 and 2;

FIG. 50 shows a flow chart for the subroutine SETX
for the system of FIGS. 14 and 2; and

FIG. 51 depicts a flow chart for the subroutine STEP
for the system of FIGS. 14 and 2.

Referring now to FIG. 1a, the general functional
arrangement of the computerized postal meter system
of the present invention is shown. The heart of the
system is the CPU and it performs two basic functions:
performance of calculations based on input data and
controlling the flow of data between various memory
units. Two basic memory units are employed with the
CPU. The first is the permanent memory PM which is
a non-alterable memory storing a specific sequence of
operations for performing postal data calculations in
accordance with certain predetermined inputs as well as
performing other routines for operating the system. The
second memory unit is a temporary memory TM which
interacts with the CPU for forming a temporary stor-
age, holding and forwarding working data in accor-
dance with the calculations being performed by the
CPU. An additional memory component NVM is also
coupled to the CPU and performs a storage function
which is very significant in the system operation of a
postal data system. The NVM is a nonvolatile memory
which acts to store certain critical information em-
ployed in the postal system as part of a predetermined
routine activated either upon shut-down or start-up.
This routine may be located in the permanent memory
and is accessed by appropriate sensing device sensing
either of the two stated conditions, shut-down or start-
up, for operating the CPU in accordance with that
routine. The function of this routine is to take informa-
tion stored in the temporary memory TM which repre-
sents crucial accounting functions such as descending
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balances or ascending credits and the like and store
them in the NVM (nonvolatile memory) wherein they
may be held while the machine is de-energized and
recalled upon a subsequent start-up. In this manner, the
computer system may continually act upon these bal-
ances in the temporary memory without fear of loss of
this information upon shut-down. Further, the informa-
tion may be recalled on reactivation by start-up by
retrieving it from the nonvolatile memory NVM and
feeding it back into the TM via the CPU. The nonvola-
tile memory is shown as coupled to the CPU and deriv-
ing an output therefrom in accordance with the transfer
of information from the temporary storage TM under
the control of the permanent memory PM through the
CPU in accordance with the shut-down routine. The
NVM unit is also shown as providing an output line
coupled back into the CPU for transferring the data
back into and through the CPU and into the temporary
memory TM in accordance with the start-up routine
under the control of the permanent memory PM.

The system operates in accordance with data applied
from an appropriate input means I. This data is fed into
the CPU under control of the program in the permanent
memory. At any time during the operation of the sys-
tem, should the contents of the temporary memory
storing the appropriate credit debit balances or other
accumulations in accordance with the various features
of the system be desired to be displayed, an appropriate
instruction provided by the input means I causes the
CPU to access the desired location TM storing the
information requested. The information is is provided
through the PCU into the output display unit O. The
input and output units may be multiplexed by a multi-
plex unit MP to and from the CPU.

Under control of the CPU when appropriate postal
data information is provided from the input I, and all of
the conditions such as limits and the like which may be
preset in accordance with the entered data in storage in
the temporary memory TM, are satisfied, a postage
setting device SP will respond to an appropriate output
signal from the CPU enabling a postal printing unit PP.
At this point, the system has now accomplished its
immediate function of setting the postage printer and
enabling the printer to print postage.

The foregoing functional description of the present
invention in its embodiment in an LSI micro integrated
form will be described in greater detail with reference
to FIGS. 14 and 2. Before going to this explanation,
however, a generalized view of the specific features and
operations of the postal system operating in accordance
with the present invention will be described.

Referring to FIGS. 16 and 1¢, there is shown a gen-
eral housing arrangement for the micro computer post-
age system.

FIG. 15 shows a general housing arrangement for the
micro computer postage system. A housing 100 con-
tains modular plug-in circuit panels 101 containing the
circuitry and the CPU, ROM’s, RAM’s and shift regis-
ters of the system. The keyboard 34 and display 35 are
mounted on the common top panel 102 of the housing
100. The setting and printing mechanism (FIG. 3) is
contained in a forward section generally shown by
arrow 103. An envelope 104 which is to be imprinted
with postage is introduced in the slotted portion 105 of
meter section 103 after the system is initialized. The
amount of postage to be imprinted is then keyed into the
keyboard 34 via push buttons 107, the set button 119 is
pushed to set the postage into the drum, and the imprint
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button 108 is depressed. The imprint button 108 may be
replaced by a limit switch or optical sensor located in
slot 105, which would automatically provide a print
signal when an envelope enters slot 105.

FIG. 1c is an enlarged view of panel 102 of FIG. 15,
which contains the keyboard 34 and display 35 of the
postage meter system. The keyboard 34 comprises push
buttons 107, as aforementioned, to enter the numerical
amount of postage into the system. Push buttons 109,
110, 111, 112, 113 and 114 refer to the electronic regis-
ters for batch count, batch amount, piece count, control
sum, ascending register, and descending register, re-
spectively. When any one of these buttons are de-
pressed, the numerical section 115 of the display 35 is
cleared; the appropriate register is loaded into the dis-
play, and the appropriate indicator lamp section 116 of
the display is lighted.

The keyboard and display of this invention provides
two new registers (more can be added without too
much difficulty). Batch count and batch amount regis-
ters supply a running account of the total number of
pieces of mail processed during any one run or time
period, and the total postage expended for this mail.
They can be reset to zero by the user. The control sum
register is extremely useful in that it provides a check
upon the descending and ascending registers. The con-
trol sum is a running account of the total funds being
added into the meter. The control sum must always
correspond with the summed readings of the ascending
and descending registers. The control sum is the total
amount of postage ever put into the machine, and is
alterable only when adding funds to the meter. Gener-
ally mechanical meters are not resettable by the user,
but only by Postal authorities. However, with elec-
tronic postage systems, a remote resetting capability
may be programmed into the meter. One such remote
resetting scheme which can be programmed into this
system is shown in U.S. Pat. No. 3,792,446 filed Feb. 12,
1974.

The piece count register differs from the batch count
in that it is not resettable by the user, and is used to
indicate the total number of postage printing (pieces of
mail) the machine has experienced. This information is
useful to ascertain the life of the machine, and to gage
when the system may require servicing and mainte-
nance. The ascending and descending registers operate
in normal fashion as might be expected from a standard
postage meter. The ascending register giving a running
total of the printed postage, and the descending register
informing the operator of the amount of postage funds
still remaining in the postage system.

The % key (push button 117) provides the function of
addition for adding in special charges to the postage
such as special delivery, certification, etc.

The clear key 118 clears the numeric display 115, and
also sets the batch registers to zero if displayed at the
time the clear key is actuated.

The set button 119 is depressed after the postage
required to mail a letter is keyed in by buttons 107. The
set button 119 causes the print wheels in the printing
drum 42 of FIG. 3 to set to the desired postage.

The $ unlock key 120 is a precautionary button which
must be depressed by the operator in order to set post-
age equal to, or in excess of, a dollar. This extra physical
step acts to prevent costly postage printing mistakes.

At the rear of the postage meter housing 120 (FIG.
16) is a hinged security door or plate 125 having a latch
124. This latch secures the door 125 to the housing 120
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by means of a wired lead seal 121. Postal authorities are
the only ones empowered to open the seal 121, and
access the contents behind door 125. The door 125
protects two switches 122 and 123, respectively (shown
in phantom). Switch 122 empowers the microprocessor
to call into operation the ADP routine of FIG. 31. The
ADP subroutine is that part of the computer program
which provides for the entering of postage funds into
the system. Postage funds are entered into the system by
first keying-in the amount of postage using the key-
board buttons 107, This amount of postage is displayed,
and then added to the descending and control sum reg-
isters of the postage meter system by opening the secu-
rity door 125 and pressing button 122. This button initi-
ates a jump in the postage meter program to the ADP
subroutine as aforementioned. After the ADP routine is
executed, the door 125 is again secured by seal 121.

Switch 123 is provided for removing funds from the
descending and control sum registers in the event a
mistake in adding funds has occurred. Switch 123 initi-
ates a jump to the subroutine SUBP of FIG. 32.

The need to add funds to the meter system is signalled
by indicator lamp 126.

A check date reminder is provided by indicator 127,
each time the postage meter system is turned on.

A meter enabled indicator 128 lights when (a) the
printing drum 42 (FIG. 3) is properly set with postage;
(b) the postage to be imprinted is displayed; and (c)
sufficient funds are available to imprint the postage
desired.

Indicator lamp 129 signals the operator to call the
Pitney Bowes Service Department. This indicator
lights when there is something wrong in the system,
€.g., the sum of the ascending and descending registers
do not check with the control sum.

Indicator lamp 130 signals the operator that the post-
age 1o be set is over or equal to $1.00, and in order for
the postage to be set, the $ unlock button 120 must be
pressed prior to the set button 119.

The indicator light 131 shows that the ascending
register contents are being displayed in display section
115.

The indicator lamp 132 lights when the contents of
the descending register are being displayed in display
section 115,

The piece count indicator lamp 133 lights when the
piece count is being displayed in display section 115.

The batch amount 134 and the batch count 135 indi-
cators light when the batch registers are being dis-
played. The batch registers are newly added registers to
the normal postage meter. The data shown in the dis-
play 115 for the batch count is a whole number (no
decimal point) since the information is not dollars and
cents data. The piece count information is similarly
displayed without the decimal point. The control sum
indicator 136 lights when the control sum register is
being displayed in display section 115.

The low postage < $100.00 indicator 137 lights to tell
the operator that the remaining funds in the descending
register are currently below a hundred dollars. This
alerts the operator that some time soon, he will be re-
quired to recharge the “meter”.

In several places throughout this description, compo-
nents have been written with a dual numbered designa-
tion, such as RAM (2) 18. The number in parenthesis
designates the order in the component series, i.e., using
the above example, RAM 18 is the second RAM in the
series of RAMS.
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Now referring to FIGS. 14 and 2, a block diagram of
the LSI integrated form of the micro computerized
postage meter of this invention is shown. The system
comprises a MCS-4 micro computer set, which is a
product of Intel Corporation, Santa Clara, Calif. The
micro computerized set comprises a central processor
unit (CPU), 18 which is connected to a number of read
only memory (ROM) components 11, 12, 13, 14 and 15,
respectively, and a number of random access memory
(RAM) components 16, 17, 18 and 19, respectively. A
plurality of shift registers (§/R’s) 20, 21, 22, 23 and 24
are respectively connected into the system through
output ports 25 and 27 located on the RAM chips 16
and 18, respectively. The output ports on the RAMs
have four output lines [8 4 2 1] as shown. The ROMs 11,
12, 13, 14 and 15 have input-output ports (1/0’s) 29, 30,
31, 32 and 33 respectively, of four-bit capacity [8 4 2 1]
as shown. It should be noted that although the input-
/output ports are physically located on these chips, they
electrically communicate separately with the CPU 10.

The shift registers 20, 21, 22, 23 and 24 respectively,
provide port expansion for the postage meter system. In
addition, shift registers 20 provides a multiplexing capa-
bility for operating a keyboard 34, and a numeric dis-
play 115. Shift register 23 multiplex the inputs of the
meter setting feed-back photocells 36 to input port 32.
A shift register 37 (4x 128 COS/MOS S/R) with a
hold-up battery provides permanent register informa-
tion to the working memory which is allocated to RAM
16. The input port 31 receives the register information
from the non-volatile memory 37 and channels this
information to RAM 16 via the CPU 10. Each 4-bit
memory word is clocked in sequence from the non-
volatile shift register 37 to the working memory in
RAM 16 via the CPU, until the shift register memory 37
has been completely shifted.

The numeric display 115 (FIG. 2} is controlled by the
decoder/driver 46, which is connected into the system
via output port 26. Output line 8 (output port 25) on
RAM chip 16 provides a blank-unblank control over
the decoder/driver 46 to eliminate leading zeros in the
display 35, and to provide a blanking control signal for
the particular display of this system (Burroughs Pana-
plex).

The inputs from the keyboard 34 are fed to the system
via port 29. As aforementioned, the inputs from photo-
cells 36 are directed to port 32. The photocells 36 pro-
vide feed-back information from the postage meter
setting mechanism shown in FIG. 3.

The micro computer system 40 of this invention is
powered from two (45 and — 10 volt) power supplies
38 as shown in FIG. 2. A power sensing circuit 39 is
interconnected into the micro computer system in such
fashion, so as to allow the microprocessor system to
detect a power failure. In such a case, the microproces-
sor calls a routine which transfers working memory to
non-volatile memory, and protects it by disabling the
memory via bit 8, port 27. A clock 41 serves to cor-
rectly phase the operations of the micro computer sys-
tem 40. The non-overlapping clock phases ¢ and ¢; are
supplied to the central processor unit and random ac-
cess and read only memory chips.

The central processor generates a SYNC signal every
eight clock periods as shown in the Intel Users Manual
for the MCS-4R micro computer set, copyright 1972,
FIG. 2 on page 6 thereof. The SYNC signal marks the
beginning of each instruction cycle. The RAM’s and the
ROM’s will generate internal timing using SYNC, and
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¢ and &;. The shift registers (§/R’s) are static shift
register and do not use these clock pulses for their oper-
ation.

The heart of any postage meter system is of course
the printing means. With the use of electronics, ac-
counting and mechanical registers and setting actuators
become superfluous, since all the register information is
electronically stored, and the setting of the meter banks
is electromechanically controlled.

One of the ways the present micro computer system
can print posiage is by using a modified Model 5300
postage meter, manufactured by the assignee of this
invention, Pitney-Bowes, Incorporated, Stamford,
Conn. The modified meter only contains the previous
printing drum 42 and the print wheel driving racks 43 as
shown in FIG. 3; the mechanical registers and actuator
assemblies having been removed. The print wheels
within drum 42 (not shown) of the modified meter are
set by a mechanism driven by a stepper motor 50 and a
pair of solenoids 60 and 70 (FI1GS. 2 and 3). The motor
and solenoids are powered by a —24 volt power supply
44 shown in block diagram in FIG. 2. The indicator
lamps 116 light up various display messages shown in
FIG. 1b. These indicator lamps are likewise powered by
the power supply 44.

Qutput port 28 channels control signals to the drivers
47 of stepper motor 50. The output lines 0, 1 of the shift
register 24 channel control signals to the setting mecha-
nism solenoids 60 and 70, respectively via drivers 48.
The twenty output lines of shift registers 21 and 22
operate indicator lamps 116 via lamp drivers 49.

The meter setting and printing mychansim of this
postage system will be described with reference to
FIGS. 3, 4a, 4b and 5. A stepper motor 50 drives an
upper and lower set of postage wheel driving racks 43
(four in all) via a pair of upper and lower nested shafts
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(four shafts in all) 52a, 524, 52c and 524 respectively .

(FIG. 4a). Upper shafts 52a, 52b and lower shafts 52,
524 are driven by a master drive gear 51, which is oper-
atively rotatable in a clockwise and counterclockwise
direction (arrows 55) by means of a stepper motor 50.

The printing drum 42 has four print wheels (not
shown) to provide a postage impression to the maxi-
mum sum of $99.99. Each print wheel provides a sepa-
rate digit of this sum, and is settable from “0" through
“9", The print wheels are sequentially set by means of
one of the four driving racks 43a, 435, 43¢ and 434,
respectively. The driving racks are slidably movable
(arrows 56 of FI1G. 3) within the drum shaft 57.

The upper racks 43z and 435 are controlled by pinion
gears 58a and 585, respectively, and the lower racks 43¢
and 43d are controlled by pinion gears 58¢c and 584,
respectively (FIG. 4a). The pinion gear 58¢ is affixed to
shaft 52a, the pinion gear 585 is affixed 1o shaft 52b; the
pinion gear 58¢ is affixed to shaft 52¢; and pinion gear
584 is affixed to shaft 52d. Nested shafts 524, 526 and
52¢, 52d. are respectively rotated (arrows 59) by means
of respective spur gears 53a, 536 (FIGS. 3, 42, 4b and 5)
and respective spur gears 53¢, 534 (FIG. 4q) affixed to
the shafts at the stepper motor end thereof.

The master driving gear 51 engages each of the gears
532, 53b, 53¢, and 534 in the sequential order: 535, 53¢,
53d, 53¢; with “53b” corresponding to the “tens of dol-
lars” print wheel, and “53¢” corresponding to the “unit
cents” print wheel. The master gear 51 is sequentially
slidably positioned (arrows 65) in rotational contact
opposite each of the spur gears 5§3¢-53d by sliding the
yoke 63 over shaft 62. The master gear 51 is rotatably

40

65

12

mounted within slot 64 in yoke 63, and is rotatably
driven (arrows 55) by the stepper motor 50 via the
motor shaft 50z and splined shaft 62. The yoke 63 is not
rotatably engaged by the splined shaft 62 due to the
sleeve bushing 66 which separates the yoke 63 from the
shaft 62. The yoke 63 and master gear 51 are guided and
supported by an additional smooth shaft 61, which nests
within slot 67 of yoke 63.

In order that the teeth of the master gear §1 properly
align with the teeth of the several spur gears 53a, 535,
53¢ and 534, a toothed section 69 of each spur gear is
locked into place by a pair of upper and lower tooth
profiles 68 and 68, respectively located on upper and
lower surfaces of the yoke 63 as shown in FIG. 45 and
5.

As the yoke 63 and the gear 51 slide (arrow 65) over
the splined shaft 62, the upper and lower laterally ex-
tending tooth projections 68 and 68’ hold the spur gears
53a, 53b, 53¢ and 53d in place against rotational mis-
alignment. Each of the gears 534, 535, 53c and 53d,
respectively are only free to turn, when the master gear
51 is directly intermeshed therewith.

The sliding movement (arrows 65) of the gear 51 and
yoke 63 is controlled by toggle pin 71, which nests
within groove 72 of the yoke. The toggle pin 71 pushes
against the yoke 63, when the pivotable link 73 to which
it is attached, is made to pivot (arrows 74) about a cen-
ter shaft 75. The link 73 is controlled by two solenoids
60 and 70, respectively, acting through pivot arms 76,
86 and 77, 87 respectively. The solenoids 60 and 70 pull
upon their respective pivot arms 76 and 77 via pull rods
78 and 79, which are movably pinned to these arms by
pins 81 and 82, respectively. When the pull rod 79 pulls
upon arm 77, it is caused to pivot (arrows 80) about
shaft 83, which is rotatably affixed to arm 77. When this
occurs, arm 87 is caused to be pivoted (arrow 84)
against the biasing action of spring 88. This in turn,
results in pulling pivot arm 73 forward (arrow 89) via
shaft 90. This causes the pivot arm 73 to pivot about
center shaft 75, resulting in moving toggle pin rear-
wardly (arrow 91).

Likewise, when solenoid 60 pulls upon arm 76 via rod
78, arm 76 causes shaft 92 to turn (arrow 93) against the
biasing of spring 94. This in turn, causes arm 86 to pivot
(arrow 95) about shaft 92. In pivoting, the arm 86 causes
the center shaft 95 to move rearwardly (arrow 96). This
in turn, forces the toggle pin 71 to move rearwardly
(arrow 91).

There are four combined solenoid pull positions cor-
responding to the four separate mating positions be-
tween main gear 51 and each respective spur gear 53¢,
535, 53¢ and 53d; (a) both solenoids are not pulled-posi-
tion 53¢; (b) both solenoids are pulled-position 53b; (c)
solenoid 70 is pulled and solenoid 60 is not pulled-posi-
tion 53a; and (d) solenoid 70 is not pulled and solenoid
60 is pulled-position 53d.

The setting mechanism operation is as follows: (1)
both solenoids 60 and 70 are pulled; (2) setting spur gear
53b via main gear 51 and stepper motor 50; (3) de-ener-
gizing solenoid 60 allowing pivot arm 76 to spring back
under the action of spring 94; (4) setting spur gear 53a
via main gear 51; (5) energizing solenoid 60 and de-ener-
gizing solenoid 70, allowing pivot arm 87 to spring back
under the action of spring 88, and pivot arm 86 to pivot
against spring 94; (6) setting spur gear 53d via main gear
81, (7) de-energizing solenoid 60 allowing pivot arm 76
to spring back under the biasing of spring 94; and (8)
setting spur gear 53¢ via main gear 51.
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After the spur gears are set to individual postage
value positions, causing the racks 43 and the print
wheels (not shown) to assume postage value positions,
the drum 42 is rotated via shaft 57 (arrow 97) to imprint
the set postage.

The home position of the drum 42 is monitored by a
slotted disc 98 affixed to shaft §7. When slot 100 of disc
98 moves through the optical read-out well 99, the print
cycle is detected.

All optical read-out wells of the setting mechanism as
will be hereinafter described, comprise a light emitting
diode (LED) and a phototransistor for receiving the
light emitted by the LED.

The slide positions of gear 51 and yoke 63 (arrows 65)
are monitored by determining the pivot position of
pivot arms 86 and 77, respectively. Pivot arm 86 has a
finger 101 which will pivot in and out of well 102, when
solenoid 60 is actuated and de-actuated. Pivot arm 77
has a finger 103 which pivots in and out of well 104
when solenoid 70 is actuated and de-actuated.

The home positions of shafts 52¢ and 52b are moni-
tored by slotted discs 1052 and 1054, respectively
(FIGS. 3 and 42). When slot 106a of disc 105z is in well
107a, shaft 52a is at zero. Similarly, when slot 1065 of
disc 1055 is in well 1075, shaft 52b is at zero. Shafts 52¢
and 52d are respectively “zero” monitored via respec-
tive discs 105¢ and 1054, slots 106¢ and 1064, and wells
107¢ and 107d (F1G. 4a).

Rotation of the stepper motor shaft 50q, splined shaft
62 and gear 51 is monitored via gears 108 and 108g,
slotted monitoring wheel 109 and monitoring well 110.
When stepper motor shaft 50a turns splined shaft 62 and
main gear 51, a gear 108 attached to shaft 50q is also
made in turn. Gear 108 intermeshes with gear 108z
carried by the slotted monitoring wheel 109, causing
wheel 109 to turn in correspondence with shaft 50a.
Every fifth slot 111 on the monitoring wheel 109 is extra
long to provide a standard for synchronization. Each
slot on wheel 109 corresponds to a change of one unit of
postage value. The slotted wheel 109 is optically moni-
tored by well 110. Well 110 has two photosensors, 110a
and 1105, respectively, as shown in FIG. 4a. Photosen-
sor 110 monitors every step of the stepper wheel 109
and sensor 1104 monitors every fifth step.

In summary, the setting of the postage printer is done
by selecting the desired bank with the solenoids and
driving the stepper motor in the proper sequence under
program control. The results of each step is verified by
the micro computer via the monitoring photosensors.

Brief Summary of the Operation of the Postage Meter

The operation of the postage meter can be briefly
summarized as follows: With no power applied to the
microprocessor, a de-energized “enable” solenoid (not
shown) mechanically locks up the printing mechanism
of FIGS. 3-5. When power is applied to the system,
(turning on the meter), voltage sensing circuits monitor-
ing logic supply voltage (FIGS. 12a and 124) generate a
general system reset pulse, when the logic supplies
reach operating levels. This pulse initializes the micro-
processor system, which then starts executing the pro-
gram shown on page 66 from address ¢¢¢d. The non-
volatile memory 37 of FIG. 2, is loaded into working
storage in RAM, the printing mechanism is set to zero,
the descending register is loaded into the numeric dis-
play 115 of FIGS. 15 and 1¢ to inform the operator how
much funds are available, and a “check date” reminder
127 is turned on. The system then loops in a SCAN
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routine (FIGS. 25 and 25¢) which multiplexes the dis-
play and searches for keyboard 34 inputs. The meter
remains in this routine until a keyboard input is detected
at which time the program branches to execute the
routine called for by the key. The program then returns
to the SCAN routine.

The postage amount to be printed is set by entering
the number into the display via keyboard 34 and operat-
ing the SET button 119 (amounts $1.00 or more require
the pressing of the $ UNLOCK button 120 before press-
ing SET). If sufficient funds are available in the de-
scending register to print the amount of postage the
meter is set to, the “enable” solenoid is set (enables
printing mechanism). There are two ways of tripping
the print mechanism: (1) feeding a letter into the meter
(2) operating the postage request lever 108. When
tripped, the amount of postage shown in the display is
printed. The operation of the print mechanism gener-
ates a signal to the SCAN routine which branches to a
routine which updates the meter registers and checks to
see if sufficient postage is available for again printing
the postage amount the meter is set to. If available, the
print mechanism remains enabled, if not, it is disabled.

If in the course of running postage through the meter,
the sequence is interrupted, as by calling register con-
tents into the display, the printing mechanism is dis-
abled until a postage amount is again put back into the
display. This can be done by depressing the SET button
119, which recalis the postage amount the meter is set to
into the display, when operated after a non-numeric
(not 0-9) key or by entering a new number and depress-
ing the SET button which sets the meter printing mech-
anism to the new number.

Provision is made for entering funds into the meter
(incrementing descending register and control sum) by
means of two switches (+) 122 and (—) 123 located in
an area protected by a sealed access door 125 (FIG. 16).
The appropriate postal authorities can enter or deduct
any amount of postage (limited only by the size of the
registers) by entering the desired amount into the nu-
meric display 115 via keyboard 34, and then operating
the (+) or (—) switches. After recharging the meter,
the authorities would then reseal the access door.

Within the SCAN routine, periodic checks of the
logic power supplies are made to determine when to
shut down the meter. When the voltage sensors (see
FIGS. 122 and 125) detect the voltage falling below a
preset level, there is a certain minimal amount of time
available (even with complete external power removed)
in which to complete any routine in progress, since the
low voltage condition, disable the printing mechanism,
and transfer register contents from working memory to
the nonvolatile memory. This sequence is entered in
shut-down and low line voltage situations where there
isn’t sufficient voltage to guarantee proper operation.
The main program can only be re-entered through a
complete power-up cycle described previously.

Each RAM chip of this particular system (MCS-4)
also provides an output port (for example, port 25 of
FIG. 6) for providing the system with communication
capability with peripheral devices. As aforementioned,
these ports have four [8 4 2 1] output lines.

The RAM chip 16 shown in FIG. 6 allocates the first
6 locations (0 through 5) in the first bank (200) for the
descending register 815. The six locations will provide
for a maximum dollar allocation of $9,999.99 (six digits).
In other words, the postage meter system can be funded
to a maximum of $9,999.99.
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The allocation for the piece counter 817 (201) pro-
vides 7 locations, which on a piece count basis will
provide a total of 9,999,999 pieces. The capacity of the
piece counter must necessarily be large, since it is the
total running account of each and every piece of mail
that is processed over the life of the machine.

Similarly, the control sum register 818 (202, locations
0 through 9) and the ascending register 816 (200, loca-
tions 6 through F) provide a very large capacity (a
dollar total of $99,999,999.99) because these sums are
continuously increasing for the life of the system.

Batch Sum 819 (201, location A through F) and
Batch Counter 820 (202, location A through F) have
capacities equal to the capacity funding of the descend-
ing register, since in any batch run one can never spend
more in a pre-funded system than the available funds
stored.

The locations 0 through 3 and C through F of bank
203 are reserved for registers which are used to control
the setting of the printer mechanism from a previous
meter setting (‘‘number meter set to” (SETNG) register
211) to a new meter setting (“‘meter setting” register
(MSR) 307).

These registers only require four word lines, since the
printing mechanism of this invention as shown in FIGS.
3 through 5, has a maximum setting of $99.99. Natu-
rally, if the printer had only a three bank setting (89.99),
only three word spaces would be needed in these partic-
ular registers.

Status flag 821 is used in the programming to monitor
stepper motor 50 (FIG. 3). Status flags 822, 823, and
824, respectively are used in the programming to moni-
tor the setting of the printer banks (FIG. 3).

FIG. 7 shows the memory allocation provided by
RAM chip 17. Bank (204) contains storage for an addi-
tion register 210 in locations 7 through F. The addition
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register is for the purpose of temporary storage and for .

adding to the regular postage to be printed, an incre-
ment of additional or special charges, i.e., insurance,
certification, special delivery, etc. For example, sup-
pose it was desired to add 50 cents additional postage to
the regular postage amount of 10 cents. First, the num-
bers one and zero (ten cents) would be entered into the
numeric display 115 by means of keys 107 of the key-
board. Next, the % button 117 is depressed, which
transfers the 10 cents from the display to the additions
register 210. A five and a zero (50 cents) are then keyed
in, and appear in the display. The button 117 is again
depressed to add the 50 cents to the additions register
210, and the display providing a total of 60 cents stored
in the additions register. The set button 119 is then
depressed to set the meter to sixty cents.

FIG. 8 depicts the memory allocation in RAM chip
18. Bank 205 (location B through F) contains the lamp
output area 206 shown in more detail in FIG. 84. Bank
(207) has locations 7 through F allocated for the images
of the display contents 208. The numeric words from
this storage space appear in display section 115 (FIG.
54). Lamp output register 206 (spaces B through F) in
bank (205) applies to the display section 116.

Storage space 212 (space 6 of bank 207) is allocated
for placement of a new digit word prior to its being
entered into display contents 208. The purpose of this
storage space is that it serves to provide a means to clear
display contents 208, if the previous operation was not
one which allowed for entering a number into display
contents 208. In other words, the new digit space is an
intermediary storage facility for storing a new display
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digit, until it is determined where in the sequence of
events is the information being entered to the display.

The word spaces in banks (205) and (207) of FIG. 8§,
corresponding to “batch tag” 305 (bank 205, status loca-
tion 0); “status flag™ 311 (bank 207, status location 0};
and “$ unlock flag” 309 (bank 207, status location 2) are
used in the programming to indicate a particular opera-
tion condition. These indicators will be further dis-
cussed hereinafter.

RAM chip 19 is illustrated in FIG. 9. The status
words 215 and 216, respectively, of bank 214 are used in
the operational control of the setting and printing mech-
anism of FIG. 3.

FIG. 10 shows the various input ports of the ROM’s.

FIG. 11 is an electrical schematic diagram of the
non-volatile memory circuitry 37 shown in block dia-
gram in FIG. 2. The non-volatile memory consists of
two dual 128 bit static shift register 140 and 141, respec-
tively, as shown. These shift registers are of the comple-
mentary MOS (CMOS) type. CMOS was chosen be-
cause of its very low power consumption in the quies-
cent state. This allows for powering the memory by
means of a battery 143, which will maintain the integ-
rity of the memory for extended periods of time, i.e., the
memory will not be erased. The particular shift register
components (SCL 5172) were manufactured by Solid
State Scientific, Inc. of Montgomeryville, Pa. 18936.
These components have been presently discontinued,
but there are many other similar components currently
on the market, e.g., RCA’s CD 4031 AE and Motorola’s
MC 14157CL.

In their power off state, the shift registers 140 and
141, as well as the transmission gates 142 and 143, re-
spectively, the NOR gates 144 and 145, respectively,
and the flip flop 146 all operate from the power supplied
by battery 143. Flip flop 146 is in the low logic state
(Q=0; Q=1) at this time, which disables gates 142, 143,
144 and 145. Transmission gates 142 and 143 effectively
disconnect the battery operated circuitry outputs from
the microprocessor system. This prevents excessive
battery current required to supply the low impedance
inputs of the ROM(2) 13 and load resistors 13a during
the power off condition. Thus, battery life is extended
considerably. The inputs to the shift registers 140 and
141 are of characteristically high impedance (CMOS)
and therefore, do not require this form of isolation.
Gates 144 and 145 are disabled by flip flop 146 in the
“power-down™ and transition states. This inhibits spuri-
ous signals on lines 147 (clock signal line) and the mem-
ory disable line 148. This is necessary, because during
“power-up” and “power-down” sequences, there may
be spurious signals on the output port 27 (FIG. 1d)
supplying the control signals. This is so, because at this
time the power signals are non-zero, but have not as yet
reached their specified operating values. During “pow-
er-up” and “power-down” the microprocessor is not
functioning predictably and memory must therefore be
protected, which is accomplished by gates 144 and 148.

During the *‘power-up”, transistor 149, which is ini-
tially off, remains off until line 150 is connected to
ground. This occurs when optical switches 152 and 153
(FIGS. 12¢ and 12b, respectively) turn on. Optical
switches 152 and 153 are part of the — 10-volt and 4 5-
volt power supply monitoring circuits, and turn on
when the --10 volt and +5 volt supplies respectively
reach their operating values. Both of these power
supplies are necessary for the proper operation of the
microprocessor system.
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As power begins to come on, diode 155 through
which battery current flows, turns off and diode 156
turns on. This switches the memory over the main
power supply. The reverse procedure is experienced
during shut-down. When line 150 becomes low, transis-
tor 149 turns on, causing connection point 154 to go
high. This in turn causes the Q output of the flip flop 146
to go high via line 157. This enables gates 142, 143, 144
and 145 resulting in making the memory fully operative
with the microprocessor system.

During start-up, a reset signal to the microprocessor
is generated by the circuit of FIG. 13. The reset signal
initializes the central processor unit (CPU 10 of FIG.
1), and starts the program of the system executing
from location/d¢d in ROM. The beginning portion of
the program contains initialization procedures which
are only executed once during the start-up sequence.
Included in this start-up sequence, is a subroutine
INRAM described with reference to FIG. 22. This
subroutine transfers the contents in the shift registers
140 and 141 to the working area (RAM) of the micro-
processor system. Data from these non-volatile shift
registers 140 and 141, comprising “postage meter regis-
ter” data, is read into the microprocessor system
through ROM input port (2) 31 as shown in FIGS. 14
and 10. Each sequential word of data in the shift register
memory is accessed by writing out a clock pulse to shift
registers 140 and 141 via bit 8 of output port 27 as
shown in FIGS. 14 and 8. After all of the 128 words of
the shift register memory are loaded into RAM, the
non-volatile memory remains idle until a shutdown
sequence (subroutine DOWN of FIG. 23) is initiated.
The shutdown sequence will result if either or both of
the power supplies (+5 volt and —10 volt) begin to
turn off. The optical switches 152 and 153 (FIGS. 124
and 12b) then turn off, thereby turning off transistor
149. This in turn causes connection point 154 to go low.
In addition, the voltage on line 158 goes low. The line
158 is connected to the test input on the CPU 10. This
test input is read periodically during program execu-
tion, and when it is read as a logical low, the program
branches to the DOWN subroutine (FIG. 23). The
“postage meter register” data in RAM is now read, and
then written out to the shift register memory via output
port 26 of FIG. 7. This “postage meter register” data
may have changed in the hiatus between initialization
and shutdown due to the entering of new postage. After
the data word information is written out to CMOS shift
register memory, a clock pulse is written out via bit 8
output work 27 of FIG. 7. This enters the data word
into the non-volatile memory, and then the next sequen-
tial word is accessed in RAM memory. The sequence of
accessing and writing of the sequential data words con-
tinues until the entire contents of RAM memory has
been transferred back into the shift registers (non-
volatile memory). After the transfer has been com-
pleted, a memory disable signal is written out to the flip
flop 146 via bit 4 of output port 27 and line 148. This
causes the “Q” of the flip flop to go to zero, which
disables the memory. To reinitiate the memory system,
both optical sensors 152 and 153 must turn on to start
the sequence again.

It should be noted, that the above scheme of transfer-
ring the contents of memory need not be required,
where the “‘working” memory areas are themselves
indistructable. For example, the RAM memory may be
furnished with a hold-up battery, thus eliminating the
need for the CMOS shift register memory. “Working”
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storage may also comprise a core memory or other
similar non-volatile storage components, such as a
plated wire memory, a magnetic domain memory, a
MNOS memory, etc.

FIG. 12a shows the electrical schematic for the — 10
volt supply monitoring circuit. The —10 volt supply is
monitored by a voltage regulator IC 159, connected to
form a voltage sensing circuit. The input voltage ap-
plied to line 160 powers this circuit. The circuit contains
an internal zener reference diode. The input voltage is
compared against the reference, and when it exceeds a
predetermined value set by the potentiometer 161, the
output switches on. This causes the LED 162 of the
optical switch 152 to energize. This turns on the photo-
transistor 163 of the optical switch 152, which provides
the part of aforementioned input to the memory circuit
of FIG. 11, and also provides an input to the reset cir-
cuitry of FIG. 13. The optical switch 152 is made by the
Monsanto Company, and has a part No. MCT-2. The
IC regulator 159 is a standard part No. 723, manufac-
tured by Teledyne, Signetics, Motorola, etc.

FIG. 12b depicts the electrical schematic for the +35
volt supply monitoring circuit. This circuit performs a
similar function as that shown in FIG. 12¢. The external
zener diode 164 is used as a reference. A differential
amplifier 165 (RCA, CA3046) compares the input volt-
age supplied on line 166, against the reference. When
the input exceeds a predetermined value set by the po-
tentiometer 167, the LED 168 of the optical switch 153
turns on. This causes the phototransistor 169 of the
optical switch the supply an output to the memory
circuit of FIG. 11, and also to the reset circuitry of FIG.
13. In the circuit of FIG. 124, a 723 IC is not used be-
cause the voltages being monitored are not sufficiently
large to properly bias the circuit.

The monitoring circuits shown, are respectively con-
nected across the filter capacitors 170 and 171 of the
power supplies. The monitoring circuits are set to
switch at a threshold several volts greater than the
output voltage on lines 174 and 175, respectively. If
power is lost from the AC line supplying power to the
rectifiers, and the load connected to the output voltage
lines 174 and 175 remains constant, the filter capacitors
170 and 171, will respectively discharge in a nearly
linear fashion until the respective regulators 172 and 173
start failing to regulate due to the insufficient supply
voltage.

When the rectified voltage drops below the sensing
voltage threshold set by the potentiometers 161 and
167, respectively, of FIGS. 12a and 125, the optical
switches 152 and 153 (FIGS. 12a and 12b) turn off. This
in turn generates a signal sensed on the CPU test line,
which initiates the aforementioned shutdown routine.

As long as the maximum time to detect the shutdown
signal and the time to transfer the register contents from
working RAM memory to the non-volatile memory,
does not exceed 20 milliseconds, there will be sufficient
time to preserve the memory, and operate the micro-
processor in a defined mode. The time parameter is a
function of the filter capacitors, load, sensing voltage,
and output voltage. The 20 millisecond value has been
obtained by choosing the worse load condition for the
system.

The reset circuitry of FIG. 13, comprises a one shot
178 set to provide a guaranteed minimum width pulse.
The input to the one-shot 178 is from the outputs of the
power supply monitoring circuits of FIGS. 12a and 125,
respectively.
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FIG. 14c illustrates the power supply circuitry (—24
volts) used to operate the stepping motor 50, the sole-
noids 60 and 70 of FIG. 3, and the message display
lamps of section 116 of FIG. 5a. The zener diode 179
regulates the voltage outputted on the line 180.

FIG. 15 shows the circuitry associated with the mul-
tiplexing shift register (&) 20 of FIG. 14. This shift
register is a 10 bit serial-in/parallel-out S/R, which is
used in this postage system to multiplex both the display
and the keyboard (see FIGS. 14, 16 and 16). The multi-
plexing is accomplished by entering a logic *'1” into the
shift register, and shifting it through, thus enabling the
outputs one at a lime. Nine of the outputs as shown in
FIG. 15, are connected to anode drivers 181, which
operate the Panaplex display in a multiplexed mode.
The Panaplex ®) display of FIG. 16 is manufactured by
the Burroughs Corp. The anode drivers 181 are of a
common, well known type, similar to those described in
the technical brochure (advance copy) put out by the
Sperry Information Displays Division, Scottsdale, Ari-
zona, entitled: “Multiplexing Sperry SP-700 Series In-
formation Displays”, Page 28.

FIG. 16 illustrates the electrical schematic for the
keyboard and the display (sections 115 and 116) of FIG.
1c. Section 115 of the display is shown at the top of
FIG. 16, and represents the aforementioned gas dis-
charge Panaplex ® display. Below the gas discharge
display, are shown the indicator lamps, (section 116)
which are powered by the voltage supply of FIG. 14,
and are controlled by the shift register and switching
circuitry shown in FIG. 17. The 300 ohm resistors in the
lamp circuit are used to limit the current to the lamps
(the lamps are 12 volt lamps). The electrical schematic
for the keyboard 34 is shown below the lamp circuitry.
The four horizontal (row word) lines, and ten vertical
(column word) lines intersect to provide a select posi-
tion. The “row word” lines are connected to the ROM
input port 29 (FIG. 1d), and seven (all ten vertical lines
are not used) “column word” lines are connected to the
shift register 20 of FIGS. 14, and 15. A discussion on
multiplexing a keyboard using an Intel shift register
(4003) and microprocessor (4001) can be found on pages
51-52 of the Intel Users Manual for the MCS-4 @ Mi-
cro-Computer Set, the February 1973 edition (Revision
4).

FIG. 17 depicts the electrical schematic for the shift
register circuitry controlling the indicator lamps of
FIG. 16. Shift register 21 and 22 (see FIG. 14) are 10 bit
serial-in/parallel-out S/R’s which are utilized as port
expanders. A bit pattern corresponding to the particular
indicator lamps to be turned on, is transferred to the
shift registers 21 and 22 in a serial manner from register
206, RAM(2) 18, (please refer to subroutine (LDLMP
of FIG. 39). The shift registers 21 and 22 provide logic
“1” outputs to respective transistors 182 (typical) which
act as switches, which in turn light their associated lamp
(FIG. 16).

FIG. 18 illustrates the decimal point circuitry which
turns on the decimal point separating the “dollars” and
“cents” in the numeric display 115. The decimal point is
inhibited from appearing in the display, (lines 184 and
185, respectively) when the “piece count™ or the “batch
count” is being displayed. The digit to be displayed is
written out in BCD form on RAM output port 26 (FIG.
14) to the decoder driver 183 as shown. The output of
the decoder driver 183 is decoded for the seven segment
display shown in FIG. 16 (top). The décoder driver 183

45

60

65

20
(DD 700) is manufactured by Sperry Rand (SP-700
Technical Bulletin, October 1971).

The blanking feature incorporated into the decoder
driver 183 is driven by RAM output port 25 (FIG. 1d)
bit 8. Besides suppressing leading zeros, this blanking is
also used in the multiplexing process. A discussion of
blanking requirements for multiplexed gas discharged
displays can be found on page 5 of the aforementioned
brochure: *Multiplexing Sperry SP-700 Series Informa-
tion Displays™.

The resistor 186 is a current limiting resistor used in
the power supply for the stepping motor. Resistors 187
and 188 are current limiting resistors used in the power
supply to the LED’s of the optical switches 190, 191,
192, 193 and 194, 195, 196, 197, respectively (FIG. 19).

FIG. 19 shows the electrical schematics for the meter
monitoring photocells, the stepper motor coil drivers,
and the print sensing photocell. The print sense photo-
cell 189 of well 99 in FIG. 3 is shown in electrical sche-
matic at the bottom of FIG. 19. This photocell detects
the completed rotation of the printing drum 42 (FIG. 3).
When this photocell senses that postage has been
printed, the program branches to a routine that updates
all the “postage meter” registers by the amount of post-
age to which the meter was set. This photocell is multi-
plexed into the “meter” along with keys of the key-
board 34 (FIGS. 15 and 1¢).

The optical switches 190 through 197, which monitor
the mechanical functions of the “meter” are multiplexed
into the input port 32 by shift register (3) 23 (FIG. 1d).

RAM output port 28 (FIG. 1d) is used to drive the
stepping motor 50 (FIG. 3). This output port is con-
nected to an RCA CD4050 buffer, which in turn drives
darlington transistor switches 250, 251, 252, and 253,
respectively via lines 254, 255, 256 and 257, respec-
tively. The motor 50 is powered by the —24 volt supply
of FIG. 14¢. The stepping motor 50 (FIG. 3) is a RAP-
ID-SYN, Model 23D-6102A, manufactured by Com-
puter Devices Corporation, Santa Fe Springs, Calif.
The characteristics of the motor (specifications, switch-
ing, sequence, schematic, etc.) are given in bulletin C
and D, Pages 6-73.

The respective darlington transistor switches 258 and
259 are used to energize the bank select solenoids 60 and
70 of FIG. 3. These switches receive their inputs from
shift register (4) 24 of FIG. 1d, via lines 262 and 263,
respectively.

The darlington transistor switch 260 is used to ener-
gize the “meter enable” solenoid (not shown), which is
used to free shaft §7 (FIG. 3) for rotation. The switch is
inputted on line 264 (FIGS. 17, 19), by the signal used to
power the “meter enabled” lamp of the display (FIG.
16).

All the connections not specifically mentioned, and
which are relevant to the circuitry depicted in FIGS. 11
through 19, are shown by pin connection numbers as
illustrated.

Operation of the System

The operation of this computerized postage meter
system will be explained with reference to the flow
charts shown in FIGS. 20 to 51, and the associated
program appended to this specification.

While the above program has been of necessity writ-
ten about the particular meter setting mechanism shown
in FIGS, 3, 44, 46 and 5, it should be understood that the
essence, spirit, scope, and limits of this invention are
considered to be of a broader character. In other words,
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the present computerized postage meter system could
have been easily programmed about a jet printing post-
age apparatus of the type shown and described in co-
pending application, Ser. No. 433,805, filed Jan 16,
1974. Also, it is to be understood that many other high
speed printing apparatuses can be made compatible
with the present computerized system. Other such ap-
paratuses include matrix and line printers.

With all such printing devices, the basic safeguards
regarding postal security must of necessity be main-
tained, such as securing the printer against physical and
electronic tampering.

Referring to FIG. 20, a generalized overall represen-
tation of the operation of this postage meter system is
shown in flow chart form. The system is first given
power as shown per block 300. When the system is
powered, a general system reset pulse initializes the
microprocessor system. This causes the CPU registers,
RAM memory, and 1/0 ports to be cleared, and starts
the postage meter program executing from address
bddod.

The postage meter system operation is set in motion
by recalling postage meter register data from the non-
volatile memory and placing this data in the working
area of RAM. Also, when the postage meter system
starts its operation, the printer banks of the printing and
setting mechanism of FIGS. 3, 44, 4b and 5 are all set to
zero. These are some of the major procedures repre-
sented by “initialization” block 301. In addition to these
procedures. other functions are also performed, as will
be explained hereinafter with reference to FIGS. 21 and
21a.

After “initialization”, the system enters a SCAN rou-
tine shown in the general sense by blocks 302, 303 and
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308 and in more detail hereinafter, by the flow chart of 35

FIG. 25. The SCAN routine consumes the greatest
portion of postage meter operation time. The principle
function of the SCAN routine is to search for a de-
pressed key on the keyboard 34 and multiplex the nu-
meric display 115 of FIGS. 14 and 1¢ (block 302). Once
having found a validly depressed key (block 308), the
SCAN routine will branch to the appropriate subrou-
tine corresponding to the function called for by that
particular key. The SCAN routine will generate an
address to a “look-up” table where the particular ad-
dress of the subroutine corresponding to the key is
stored. This stored address is transferred to register pair
6 in the CPU. The subroutine FCTN (which is a jump
to the address in register pair 6) is then executed.

After a particular key is serviced (block 310), the
SCAN routine is re-entered to re-inspect the keyboard
for new and subsequent inputs.

During the course of the SCAN routine, a periodic
check is made as to the power condition of the system
(block 303). In case of a power failure, the postage
meter system must be able to complete any on-going
operations, and to retransfer the contents of working
memory (RAM contents) back into non-volatile storage
(block 304). The “powering down” and “save memory”
sequences will be more fully explained hereinafter, with
reference to the DOWN subroutine of FIG. 23). When
there is a “power-down”, a trap (block 306) is entered,
and the program cannot re-enter the SCAN routine
except by the initiation of a complete “power-up” se-
quence.

The meter initialization sequence block 301 is shown
in more detail with reference to FIG. 21. The informa-
tion in the non-volatile memory is transferred into
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working memory (RAM) via subroutine INRAM
(block 312) which will be described in more detail with
reference to FIG. 22. All four imprint wheels are then
set to zero as per block 313 using the subroutine HOME
of FIG. 24. Descending register contents are then
loaded into the numeric display (block 314) and the
check data reminder indicator lamp is lighted (block
316). The descending register contents are displayed at
start-up to inform the operator how much funds are
available for printing postage. The check remainder,
reminds the operator to set the date on the postage
printing mechanism. The system then goes into the
SCAN routine as previously mentioned.

An important part of the initialization procedure is
the subroutine CHCK (block 315) shown in more detail
in FIG. 21a (see Program address/4A3). Subroutine
CHCK is used to detect errors that cause noncorrespon-
dence in the meter funding registers. If the sum of the
descending and ascending registers minus the control
sum register does not equal zero (block 801), the CHCK
routine turns the “call PB service” indicator lamp on
(block 804), and disables the meter from printing post-
age. If the registers properly correspond (block 802) the
subroutine will branch back via line 803. this subroutine
is very novel with regards to postage meter operation,
since this is the first time a postage meter has had the
capability of monitoring its own funding registers.

F1G. 22 depicts the flow chart for subroutine IN-
RAM, which can be found in the appended program at
the instruction address/142.

The subroutine INRAM transfers data from the non-
volatile shift register memory into working area in
RAM,

CPU index registers are initialized (block 317) to
specify input and output ports operatively connected to
the shift register memory, and to specify RAM memory
locations where this data is to be stored. The output of
the shift register memory is read through an input port
(block 318), written into RAM (block 319) and written
out on an output port to the shift register memory
(block 320). The shift register is then clocked (block
321) to access the next memory word. The index regis-
ter specifying RAM address is incremented (block 322)
in preparation for storing the next word. A counter is
checked to see if transfer of data is complete (block
373). If not, a branch is made back into the program
(line 325) to pick up the next sequential word. When
transfer of data is complete, the INRAM subroutine
branches back via block 324.

FIG. 23 illustrates the flow chart for the subroutine
DOWN, which can be found in the appended program
at the instruction address/15A, As aforementioned, the
DOWN subroutine is a procedure for saving the con-
tents of the memory (transfer RAM contents to the
non-volatile memory) in the event of a power failure
and normal turn off.

This routine is entered from the SCAN routine only
when an impending power failure has been detected.

CPU index registers are initialized (block 327) to
specify location of working area in RAM, and to specify
input and output ports connected with the shift register
memory. A data word from RAM is read (block 28),
then written out to the shift register memory (block
329). A clock pulse to the shift register (block 330)
enters the data into memory. The RAM address is incre-
mented (block 331) and a test made on a counter to
determine if everything has been transferred (block
332). If not, the program loops back (line 333) to trans-
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fer another data word to the shift register. When the
transfer of data has been completed, the loop is termi-
nated via (line 334) and a “turn off” signal is written to
the shift register memory (block 335). The program
then loops in a trap (336). A complete “‘power-up”
sequence is needed to get back into the program.

The subroutine HOME is flow charted as shown in
FIG. 24, and has a program address/174.

The HOME routine is part of the aforementioned
initialization procedure for the meter. It sets the print
wheels to zero to establish a reference for subsequent
setting operations. The only position of the print wheels
that can be directly read by the system is the ¢ (zero)
position. This position is determined by monitoring the
wells 107a, b, ¢, d, respectively, by detecting the slot
(zero position) in slotted wheels 105a, b, ¢, d, respec-
tively (FIG. 4a).

An index register is initialized (block 337) to specify
the location of the Meter Setting Register 307, FIG. 6.
Subroutine CLR of FIG. 47 selects the first set of pho-
tocells (block 338). The Meter Setting Register 307 is
cleared (block 339) and the every step photocell 110a of
FIG. 4a is read (block 340). If on a print step, (block
341) the program proceeds (via line 342) to select the
printer bank (block 343). Monitoring wells (102 and
103, respectively monitoring the solenoids 60 and 70, of
FIG. 3) are read and checked against the selected bank
(block 344). If no contradiction exists, the following
operation (via line 345) is selecting the next photocell
bank and reading the monitoring well (107a, b, ¢, d,
respectively of FIG, 4) corresponding to that bank to
determine if the respective slotted disc (105a, b, ¢, d,
respectively of FIG. 4a) indicates the selected print
wheel is at the zero position (block 346). The CLR
routine (block 347) is again used to select the first pho-
tocell bank. If the print wheel corresponding to the
selected printer bank is not at zero (block 348), the print
wheel is given one full printer step (block 354) corre-
sponding to changing the setting of the print wheel by
one unit towards zero. If no error is flagged in the step
routine, the loop is re-entered via line 355 to again
check for the zero position of the print wheel. This
procedure is used to determine if the wheel needs an-
other print step to reach zero. The loop is terminated
via line 349, when the selected print wheel is at zero. If
all four printer banks have not yet been set to zero,
block 351 is exited via line 352 to block 343 where the
next printer bank is selected. Setting the next print
wheel to zero is done in the aforementioned manner.
When all printer banks have been set to zero, the fifth
position photocell (1105 of FIG. 44a) is read (block 354).
It should indicate a fifth position slot. If this is so, the
HOME subroutine is terminated via line 356 through a
branch back (block 360). Should any error be flagged,
such as a photocell not indicating a mechanical response
to a given signal, the error routine (block 359) is called
via lines 364, 368, and 358, respectively.

If reading the every step photocell (block 341) at the
beginning of the routine does not show the printer to be
at a full printer step, half a print step is generated (block
362) to align the main gear 51 with the tooth profiles 68,
68’ on the yoke 63 of FIG. 4b. This procedure frees the
yoke, so that it can move to select the printer banks.

FIG. 25 illustrates the SCAN routine having a pro-
gram address of/01D. The primary purpose of the
SCAN routine is to process keyboard inputs to the
meter. The routine rejects multiple key depressions and
debounces the key input. When a single key depression
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is read for four successive scans, the routine generates
an address in a look-up table where the address of the
routine corresponding to that particular key is stored.
The routine contains operations preparatory to, and
following, the servicing of the key via FCTN (FIG. 26).
A secondary function of the SCAN routine is multiplex-
ing the numeric display 115 of FIGS. 16 and 1c.

Index registers are initialized (block 369) to specify
display address, length of various counting loops and
1/0 ports. Display blanking is determined (block 370}
by examining the most significant digits of the display
for leading zeros and storing an indicator. A bit is
loaded into the multiplexer shift register 20 of FIG. 15
to start the multiplexer (block 371). A display character
is read from the display register in RAM and written
out to the decoder driver 183 (FIG. 18). The display is
unblanked, if the character is not a leading zero. The
keyboard input is then read and processed as per block
373 (see FI1G. 38 for a detailed description). A delay
routine (block 382) is entered to allow sufficient time for
display. A check (block 384) is made to determine if the
“power-down” sequence should be initiated. If not, the
display is blanked and the multiplexer clocked to select
the next display digit and set of keyboard inputs (block
388). A check (block 389) is made to see if the loop has
been completed. If not, the loop is re-entered via line
390, the next display digit is written out, and the next set
of keyboard inputs is read in. Upon completion of the
loop, a check is made (line 391) to see if a valid key
depression had been sensed (block 392). If so, a batch
indicator 305 (FIG. 8) is stored (block 396) (this indica-
tor shows if the last operation had been calling a batch
register into the display—this indicator is used in the
CLEAR routine of FIG. 34). An address of a location in
a look-up table is generated from the “ROW” and
“COLUMN?” words.* The LDLMP register 206 of
FIG. 8 is cleared (block 397), because a routine called
by the selected key may require that different indicator
lamps be selected. A branch to the keyboard function is
made in block 398. Upon return to the SCAN routine,
the accumulator contents are stored in the status flag
311 of FIG. 8 (block 399), which is used to identify the
last performed operation. This is necessary, because
some keyboard functions are dependent on the previous
function performed. The descending register is com-
pared to the meter setting register 307 of FIG. 6 (block
400) to generate the “low postage” and “no postage”

indications on the indicator panel 116 of FIG. 1c.

*The “Row word” is the information read into the input port 29 from
the keyboard 34. The “Column word" identifies active muitiple output,
i.e. the bank of keys selected by the multiplexer. (Also refer to discus-
sion with respect to FIG. 16.)

The meter checks its funding registers (block 401) as
per the CHCK routine of FIG. 21a. The selected lamps
are then turned on (402) and the beginning of the SCAN
routine re-entered via line 403. If a valid key had not
been read after reading the last bank of keys, re-entry
would have been made from decision block 392 via line
393. If a “power down” condition would have been
sensed in block 384, a branch via line 385 would have
been made to the DOWN routine of block 386.

FIG. 26 is a chart of the subroutines called for
through FTCN (program address/2C1). FCTN is a
generalized entry point into the subroutines called by
the keys. When a valid key is detected, an address in a
look-up table in ROM is generated from the “ROW”
and “COLUMN?” words. This location contains the
address of the subroutine corresponding to the key.
FCTN jumps to this address and executes the specified
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subroutine. The chart in FIG. 26 specifies all the keys
and the labels of the subroutines called.

FIG. 27 illustrates a subroutine for entering numbers
into the display register from the keyboard. Each of the
multiple entry points correspond to a particular digit.

Upon entry to this routine, a number is generated
corresponding to the entry point, and thus to the partic-
ular key calling the routine (block 427). This number is
temporarily stored (block 428) while the status flag 311
(FIG. 8) is checked to determine if the previous key-
board operation was entering a digit (block 429). If not,
the display is cleared (block 431) before continuing. The
contents of the display are shifted left (block 432) and
the new number entered on the right. The UNLOCK
flag 309 (FIG. 8) is set to zero (block 434), and a branch
back with ACC=1 is initiated (block 435). The 1 is used
to flag this operation in the status flag 311.

FIG. 28 shows the subroutine SET having a program
address /2C5. The SET routine has basically two
modes of operation: (1) it sets the meter print wheels to
the value entered into the display via the keyboard, and
(2) if the display contents are not from the keyboard, the
last setting value is recalled. This value is displayed and
the meter enabled, if sufficient postage is available for
printing the amount of the setting.

Index registers are initialized (block 513) to set up the
CHECK routine (block 514). The CHECK routine
examines the contents of the display for $1.00 or more.
The status flag 311 (FIG. 8) is next examined to deter-
mine if numerical entry from the keyboard is in the
display (block 515). If so, the CHECK routine then
looks for a value of $100.00 in the display (block 518). If
the value is both less than $100.00 (block 519) and less
than $1.00 (block 525) the routine proceeds to set the
meter (block 533), enable the meter (block 534), clear
the ADD register 210 of FIG. 7 (block 539) and branch
back (block 540). If $1.00 or more is in the display, the
UNLOCK flag 309 of FIG. § is checked. If flagged,
setting the meter would continue as before via line 532.
If the $ UNLOCK has not been flagged, an indicator
light showing “$ UNLCK” would go on (block 529)
and a branch back would be (block 530) made without
ever setting the meter. If the amount in the display is
greater than $99.99 an error would be indicated (block
$22), because the meter, being a four bank meter, cannot
set to a value that is higher than $99.99.

The second mode of operation occurs where the
contents of the display have not been entered by the
keyboard (block 516). In that case, the display is cleared
(block 536), the meter setting put into the display (block
537), and the meter is enabled if sufficient postage is
available in the machine (block 534). The ADD register
210 is then cleared (block 539) as before, and the routine
branches back (block 540).

FIG. 29 depicts the subroutine UNLCK having a
program address/266. The UNLCK routine sets the $
UNLCK flag 309 of FIG. 8, (block 492), if the previous
function executed was that of entering a number into
the display (block 490). The $ UNLOCK flag is used to
enable the printer, if the setting is $1.00 or more of
postage. In such a case, there is a branch back with
ACC=1 (block 493).

FIG. 30 iilustrates the flow chart 30 for the subrou-
tine POST having a program address/297. The POST
routine updates the meter registers each time postage is
printed. This occurs when the photocell 99 (FIG. 3)
detects the slot 100 in the disc 98 mounted on the drum
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shaft 57. This signifies a drum rotation, and hence, the
printing of postage.

The ascending register 816 200 of FIG. 6, and the
batch amount register 819, are incremented by the
amount in the meter setting register 307 (MSR) (see
blocks 470 and 471). The piece count 817 and batch
count 820 also of FIG. 6 are incremented by 1 (blocks
472 and 473), and the descending register 815 is decre-
mented by the amount in the meter setting register
(block 474). The ENBLE routine (block 475) deter-
mines if the printer may be enabled for a subsequent
print of the same amount. The routine is then termi-
nated (block 476).

FIG. 31 shows the flow chart for the subroutine ADP
having a program address/400. The aroutien ADP is a
means for entering funds into the meter. The amount to
be metered is first inputted via the keyboard. The “+"
switch 122 (FIG. 1) is then depressed to call the ADP
function.

Index registers are initialized (block 436) to specify
pertinent meter registers. If the display contents had
been entered via the keyboard (block 437), and were not
larger than the total capacity of the descending register
815 (blocks 441 and 442), the display contents are added
to the descending register and the results placed in the
descending register (block 445). If no overflow occurs
{block 446), then the display contents and control sum
818 are added together and placed in the control sum
(block 451). A branch back is executed (block 450). If,
however, an overflow had been generated (block 446),
there would be a branching to block 448 via line 447.
The display register would be subtracted from the de-
scending register to restore the original amount, and an
error would be flagged (block 439) before branching
back. If an error had been detected earilier, (display not
from keyboard block 437); or display contents too large
(block 442) the error routine (block 439) would have
been called via lines 438 and 443, respectively. The
routine would then be terminated as before (block 450).

FIG. 32 depicts the flow chart for the subroutine
SUBP having a program address/450. The routine
SUBP is a means for taking funds out of the meter. The
amount to be taken out is entered via the keyboard.
Next, switch 123 (FIG. 1) is depressed to call the
SUBP routine. Its operation is analogous to that of the
aformentioned ADP routine of FIG. 31.

Index registers are initialized (block 453) to specify
the pertinent meter registers. If the display contents are
from the keyboard, (block 454) and not too large
(blocks 459 and 460) the display contents are subtracted
from the descending register and the result is placed in
the descending register (block 463). If a borrow is not
generated, then the control sum is decremented by the
amount in the display (block 468) and a branch back is
executed (block 469). Had a borrow been generated, the
descending register would have been incremented by
the display contents (block 466 via line 465) and an
error message would have been flagged (block 456).
The error message is also flagged, if the display contents
had not been from the keyboard, or if these contents
were too large (see lines 455 and 461).

FIG. 33 illustrates the flow chart for the PLUS sub-
routine having a program address/27B. The PLUS
routine adds the contents of the display to the ADD
register 210 (FIG. 7), and puts back the result in both
the display and the register. This allows chain addition
of a series of numbers entered via the keyboard. This
routine is summoned when the *“ £” button 117 is de-
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pressed on the keyboard (FIGS. § and 5«). This routine
provides the capability of adding ancillary charges to
the main postage, such as insurance, special delivery
postage, etc.

Index registers are initialized to specify the registers
concerned (block 496). The status flag 311 of FIG. 8
(block 497) is fetched to determine if the contents of the
display are from the numerical entry of the keyboard
(block 498). If so, block 500 is entered. The ADD regis-
ter 210 (FIG. 7) and display (DISP) register 208 (FIG.
8) are added together and the result placed back in both
registers. If no overflow occurs (block 505), a branch
back is made {block 510). If an overflow has been de-
tected, an error message via line 506 is flagged (block
507) before branching back (block 508). If the PLUS
routine had been called without the previous operation
having been from the numerical entry of the keyboard,
a branch back (block 508) would have been made via
line 511 without performing any operation.

FIG. 34 shows the flow chart for the subroutine
CLEAR having a program address/23D. The CLEAR
routine performs the following functions: (1) clears the
display; (2) recalls contents of the “ADD” register 210
(FIG. 7) into the display; (3) clears the “ADD” register
210 on the second successive clear; and (4) clears batch
registers 819 and 820 (FIG. 6) if either register is dis-
played at the time the CLEAR routine is called.

The display register 208 (FIG. 8) and the $ UN-
LOCK flag 309 (F1G. 8) are cleared (block 477 and
478). The status word 311 (FIG. 8) is checked (block
479) to see if the previous operation had been the
CLEAR routine. If not, block 482 is entered. Contents
of the “ADD” register 210 are transferred to the display
(DISP) register 208 (contents of the “ADD” register
are nonzero only when in the process of adding up a
series of numbers) using the % key 117 of FIG. 1b. The
effect of the clear key 118 in this case, is to clear a
keyboard entry and recall into the numeric display 115,
the subtotal up to that point. The addition process may
be continued upon entry of the next number. The
“LDLMP” area 206 (FIGS. 8 and 84) is cleared (block
484). The batch flag 305 is checked (block 485) to see if
the previous keyboard operation was calling either of
the two batch registers into the display (batch sum or
batch count). If not, a branch to the main program is
made (block 488). If so, line 486 is taken to block 487.
The batch registers are cleared before returning to the
main program (block 488).

If the previous keyboard operation had been CLEAR
as per decision block 479, the “ADD" register 210
would have been cleared via line 480 to block 481,
before entering block 482.

FIG. 35 shows a subroutine for calling register con-
tents into the numeric display 115 of FIGS. 14 and lec.
This routine has six entry points corresponding to six
meter registers which can be called into the display. Its
purpose is to load the display with the contents of the
specified meter register, and to turn on the indicator
lamp corresponding to the selected register.

The meter register being called is specified by the
entry point into the routine (block 420). Both the dis-
play (DISP) and addition (ADD) registers 208 and 210,
respectively (FIGS. 8 and 7) are cleared (blocks 421and
422). Then the FETCH routine of FIG. 41 is called.
This initializes index registers to specify the meter regis-
ter being called. The indicator lamp corresponding to
the specified meter register is selected by writing a bit in
the appropriate word in the LDLMP area 206 of
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RAM(2)18 (block 424). The contents of the specified
register are then written into the display register 208
(block 425), and a branch back initiated via block 426.

FIG. 36 illustrates the flow chart for the subroutine
ENBLE having a program address/100. The subroutine
ENBLE generates the signal for the printer enabling
solenoid. The ENBLE routine first calls CMPAR
(block 736) which compares the meter setting register
307 of FIG. 6 against the descending register 815 (block
737). If the descending register is greater than or equal
to the meter setting, an enabling bit is put into the
LDLMP area 206 (block 739) (see FIG. 8a, word 8D,
bit 4) before branching back (block 740). Otherwise, a
branch back is made directly from block 737 via line
741.

FIG. 37 relates to a flow chart for the ERROR sub-
routine having a program address/133. The ERROR
routine is used to flag certain errors. The error message
is contained in the accumulator at the time the ERROR
routine is called. The most significant (leftmost) place in
the display register 208 (block 716) is selected and the
contents of the accumulator (block 717) is written into
the display register before branching back (block 718)
to the main program.

FIG. 38 shows a flow chart for the portion of the
SCAN routine of FIG. 25 which is referred to as
SCANKX (see block 373 of FIG. 25). The SCANX pro-
cedure is used to debounce the keys and check for a
valid key depression. The four input lines from the
keyboard matrix (FIG. 16) generate that will be herein-
after referred to as the “ROW?"” word. A number corre-
sponding to the active output of the multiplexer (FIGS.
15, 16) will be hereinafter referred to as the “COL-
UMN” word. A nonzero “ROW” word and “COL-
UMN” word identify a particular activated key in the
keyboard matrix. The term “count™ word as used herein
is defined as the number of times the same key depres-
sion has been successively read.

The detailed operation of reading the keyboard fol-
lows: If the multiplexer (MPX) has selected an output
connected to the keyboard (block 374), the “ROW”
word is read (block 376). If not zero (block 377), the
keyboard process instruction is used to detect multiple
keyboard depressions in the group of four input lines
being read. If the “COLUMN” word is the same as that
of a previous scan (blocks 406 and 407), and only one
key is pressed, (blocks 409 and 410), the last “ROW”
word is compared with the present one (block 395). If
both are the same, the “COUNT” word is incremented
(block 416). Block 392 in the SCAN routine of FIG. 25
uses this number to decide when to branch to a selected
routine. If the “COLUMN” (block 407) and “ROW”
(block 409) words are not the same as in the previous
scan, or more than one key is pressed (block 410), the
“COUNT” word is reset to zero (block 381) starting a
new count sequence, before a new key will be recog-
nized. If the multiplexer (MPX) is not selecting a group
of keys, or if the “ROW”" word is zero but the “COL-
UMN” word is different from that stored from the
previous pass, the keyboard processing is bypassed via
line 387.

FIG. 39 depicts the flow chart for the LDLMP sub-
routine having a program address/10A. The LDLMP
routine transfers data in the LDLMP register 206 of
FIGS. 8 and 84 to the shift registers 21 and 22 of FIG.
1d. These shift registers drive the lamp display (section
116 of FIG. 1¢).
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Index registers are initialized (block 663) to specify
the LDLMP register 206. The first word of the register
is read (block 664) and temporarily stored (block 665).
The OUTPT routine (block 666) enters the 4 bit word
into the shift register in a serial manner. If the last word
had not been serviced by the OUTPT routine, the rou-
tine jumps back via line 668 and gets the next sequential
word in the LDLMP register 206. The routine branches
back (block 670) after the last word has been outputted.

FIG. 40 illustrates the flow chart for the subroutine
OUTPT having a program address/114. The OUTPT
routine is called by the LDLMP routine. Its purpose is
to output a 4 bit word in serial manner into a shift regis-
ter.

First, index registers (for counting and for specifying
ports) are initialized (block 671). The output word is
loaded into the accumulator (block 672), and then ro-
tated right to store a bit in the carry (block 673). The
remaining bits are stored (block 674). A clock pulse bit
is loaded into the accumulator (block 675) and rotated
left to bring in the bit stored in the carry and to bring
the clock pulse bit into position (block 676). The data is
then written out to the shift register (block 677). If not
at the end of the sequence (block 678) a jump back to
block 672 is made via line 679 so as to output the next
bit. If the sequence is finished, a branch back is made per
block 681.

FIG. 41 shows a flow chart for the subroutine
FETCH having a program address/OBE. The FETCH
routine is used to initialize CPU index registers with
data from a look-up table specifying a particular meter
register (block 730). The FETCH routine affords some
economy in instruction count.

The accumulator is loaded with a number corre-
sponding to the desired meter register before the call to
“FETCH” is made. The FETCh routine first generates
from the contents of the accumulator, an address speci-
fying the location of the desired data. Then, the starting
address of the selected meter register is loaded into an
index register pair (block 731). The lamp display word
address is loaded into another index register pair (block
732), and the lamp display word itself is loaded into an
index register (block 733). The starting address of
SETNG (“number meter set to” register 211 of FIG. 6)
is put into yet another index register pair (block 734)
before branching back as per block 735.

FIG. 42 depicts a flow chart for the subroutine
CMPAR having a program address/09B. Subroutine
CMPAR compares the meter setting register 307 (FIG.
6) with the descending register 815 of FIG. 6. There are
three conditions which are considered:

(1) descending register = $100.00 (block 747—uncon-

ditionally larger than meter setting)

(2) $100.00 =descending register meter setting

(blocks 747 and 749)

(3) meter setting = descending register (block 749)
These conditions are respectively flagged by the con-
tents of the accumulator upon branch back to the main
program, i.e. branch back is made with ACC=0, 2, 3,
depending upon which one of the aforementioned con-
ditions is observed (see blocks 754, 755 and 751, respec-
tively). The overall objective of this routine is to check
the funding available (descending register) as against
the called for postage (meter setting register) to be
printed. If not enough funds are available to print post-
age, the printer will not be enabled.

FIG. 43 illustrates the flow chart for the subroutine
CHECK having a program address/138. The CHECK
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routine is used to determine if the contents of a meter
register exceeds a specified amount by testing high
order digits to see if they are nonzero.

An index register is initialized with an address in the
meter register corresponding to the higher order digits
being checked, before the CHECK routine is called.
The carry is cleared (block 719) and the location speci-
fied by the address is read (block 720). If zero (block
721), the address is incremented (block 723), and the
next higher order digit is read (block 720 via line 727).
Any non-zero digit causes the carry to be set (block
725). Branch back occurs (block 729) at the end of the
sequence (block 726). A carry equal to zero indicates
that all specified higher order digits were zero. A carry
equal to 1 indicates at least one of these digits was non-
zero.

FIG. 44 shows a flow chart for the subroutine
ADDD having a program address/129. The ADDD
routine adds the SETNG register 211 of FIG. 6 to a
specified meter register, and writes the result back in
the specified meter register. The meter register is speci-
fied by the contents of an index register initialized prior
to calling the ADDD routine.

The carry (CPU) is cleared (block 705) before calling
subroutine ADD1 which adds a SETNG register digit
to a meter register digit (block 706). Then, the SETNG
address is incremented (block 707), and a test made for
the end of the loop (block 708). If the loop has not been
completed, the next digits in each register are added
together via line 709. At the end of the sequence,
ADD?2 is entered (block 711). ADD2 propagates the
carry through the longer meter register. After complet-
ing this (block 712) a branch back to the main routine is
made via block 715.

FIG. 45 depicts a flow chart for the subroutine
ADD1; ADD2 having program address/120;/123. The
ADDI1 routine adds a digit from the SETNG register
211 of FIG. 6 to a digit from a meter register, decimal
adjusts the result (binary to BCD conversion), and
writes it back into the meter register.

A second entry point (ADD?2) allows propagation of
a carry through a meter register by adding a zero to the
digit, decimal adjusting, and writing back in.

This routine adds one pair of digits at a time and is
called repeatedly to add two registers together (see
subroutine ADDD).

FIG. 46 relates to subroutine CLDSP; CLEER hav-
ing a program address/25E;/260. CLDSP writes zeros
into the display area. CLEER writes zeros into an area
specified by a preset index register.

An index register is initialized to specify the display
register (block 698). A zero is written into this location
(block 693), the address incremented (block 696) and
the next sequential location is cleared (block 694) until
the clear operation is complete (loop 695). A branch
back (block 699) to the calling routine is made upon
completion thereof.

FIG. 47 shows a flow chart for the subroutine CLR
having a program address/1B9. Subroutine CLR clears
the photocell multiplexer 23 of FIG. 1d (block 742) and
then selects the first set of photocells (every step, fifth
step, solenoid monitoring photocells) as per block 743.
Branch back is per block 744.

FIG. 48 shows a flow chart for the subroutine STPB
having a program address/300. The STPB routine is
called by the SET routine of FIG. 28 to operate setting
mechanism solenoids 60 and 70 of FIG. 3. This routine
controls the solenoids so as to select a particular printer
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bank by bringing the master gear drive 51 (F1G. 3) into
engagement with one of the respective spur gears 53a,
53b, 53¢, 534, (FIG. 3).

An index register used in the SET routine conveys
information as to which printing bank is to be selected
(block 627). A series of tests (blocks 628, 629, 630, re-
spectively) determine which one of the four printer
banks a, b, ¢, d, is selected. If, for example, bank b were
selected, block 631 would be entered which requires
both solenoids to be actuated. This is done by loading
the appropriate bits (two 1’s in this case) into the shift
register (element 24 of FI1G. 1d). After the solenoids are
selected, a delay routine (block 635) provides time for
the mechanism of the printer to respond to the electrical
signals. Photocells (102 and 103 of FIG. 3) monitoring
the position of the solenoids are then read (block 636)
and compared with what they are expected to read
(block 637). If the reading is in correspondence, a
branch back with a zero in the accumulator (block 640)
is made. Otherwise, an error is flagged (line 641) by
branching back as per block 642 with the accumulator
=/B.

A bank “c” selection (decision block 628) will require
that both solenoids be deactuated (block 644). Banks d
or a will require one or the other of the solenoids to be
actuated (blocks 646 or 648).

FIG. 49 illustrates a flow chart for the subroutine
ZEROB having a program address/353. Subroutine
ZEROB reads photocells 107a, b ¢, d, of FIG. 4aq,
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which detects the zero positions of the print wheels of 30

the printer. The reading from a selected bank is placed
into the carry bit of the accumulator.

The second photocell set is selected by clocking the
photocell multiplexer (block 649). A slight delay (block
650) allows time for the photocells to respond. A series
chain of decision blocks (651, 652 and 653) is entered to
determine from preset status characters, which of the
photocell readings (banks a, b, ¢ or d) is to be selected.
If for example, bank a were selected, the photocells
would be read (block 654a) and the data shifted in the
CPU accumulator until the photocell bit corresponding
to bank a is in the carry bit (block 655a). A branch back
(block 656) then follows.

FIG. 50 relates to the flow chart for subroutine
SETX having a program address/37E. The SETX rou-
tine is that portion of the SET subroutine of FIG. 28,
that performs the detailed setting of the print wheels to
the value shown in the display.

Index registers are initialized (block 546) to specify
the display register 208 (FIG. 8) address and the meter
setting register (MSR) 307 (FIG. 6) address. The con-
tents of the display are transferred to the meter setting
register (block 541). The number to be set (MSR) is
compared with the previous number i.e., with “number
meter set to” register 211 of FIG. 6 (SETNG). This is
accomplished digit by digit (block 547). If not the same,
the motor direction flag 215 (FIG. 9) is initialized as per
block 556 (direction determined by which number is
greater [MSR digit or SETNG digit]) and the differ-
ence between the numbers is stored. The new number
(MSR) is then written into the previous number area
(SETNG) as per block 553. The printer is set to the
appropriate bank for the digit being considered (block
558). If the bank selection mechanism does not respond,
photocells detect an error. If no error, line 562 is taken
to block 563. One step in the appropriate directior is
taken, and a check is made to ascertain if there is a
stepping error (block 564). If no error has been flagged,
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the fifth position flag 216 (FIG. 9) is updated (block
567). If the flag indicates that the photocell (1106 of
FIG. 4a) should be seeing the fifth position slot, (block
572) the photocell is read (block 574). If it verifies that
the motor is on a fifth step (block §75), a check is made
to see if the proper number of steps has been counted off
(line 577 to block 580). If not, a return via line 587 is
taken to block 563 (STEP). The above procedure is
then repeated. When the selected print wheel has been
fully stepped to its new position, and if the position is
zero (block 584), the ZEROB subroutine is called
(block 586) to read the zero position photocells. This is
to verify if in fact, the selected print wheel is at zero
(decision block 587). If so, the photocell multiplexer is
restored to selecting the first bank (block 589). The flags
used in the STPB routine are cleared via line 590 to
block 592. If not the last bank to be set (block §94), a
branch back via line 595 is made to compare the next
new number digit with the previous number digit. The
setting process is then repeated. If any bank does not
have to be altered (decision block 549) the setting pro-
cess for that particular bank is bypassed via line 604. If
the last bank had been selected in block 594, the setting
mechanism is returned to the (first bank) rest position
(block 597). If no error is detected (block 598) in return-
ing to the rest position, the ENBLE routine is called
(block 600) which enables the meter if a sufficient
amount of postage is available in the descending regis-
ter. The “ADD” register 210 (FIG. 7) is cleared (block
601), before branching back (block 602). Any error in
stepping the motor 50 (FIG. 3) or bank selection causes
a branch to the error routine (block 561) which causes
an error message to be placed in the display.

FIG. 51 relates to the flow chart for the STEP rou-
tine, having a program address/1C7. The STEP subrou-
tine changes the setting of a selected print wheel of the

- printer of FIG. 3 by one unit. The flag for motor direc-
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tion is set up before calling the STEP routine. Nor-
mally, the motor starts from a STEP reference position.
On start-up, the motor word* (1001) is written out
which turns the motor and puts the monitoring wheel
109 (FIG. 3) of the motor in either a “STEP” or
“HALF-STEP” reference position. The “every step”
photocell 110a of FIGS. 3 and 4a sensing the wheel 109
position is read. If it indicates that the motor wheel 109
is on a “HALF-STEP” reference position, the motor is
advanced half a step. From that point on, the STEP
routine pulses the motor in increments of eight motor
words, i.e. from one “STEP” reference position to a

succeeding “STEP” reference position.

*The bit pattern corresponding to energizing or deenergizing stepper
motor coils is referred to as the “motor word”. There are eight “motor
wards” for each step, and four “motor words” for each half-step of the
motor. (See APPENDIUM B for a discussion of motor operation.).

Index registers are initialized (block 605) to specify
look-up table addresses when the motor word pattern
for “STEP-UP” and “STEP-DOWN?” is stored. The
output port to the motor drivers is selected (block 606).
A status character 215 of FIG. 9 is read to determine the
direction the motor is to be stepped (block 607). The
appropriate motor word is loaded (blocks 611 or 612)
then written out (block 613). A delay loop is entered
(block 614) to give the motor time to respond. If not at
the end of the loop (block 548), a return via line 550 is
made to block 607 to get the next bit pattern. (There are
four different bit patterns per half-step.) After the
fourth word is written out, the “‘every step” photocell
110a of FIG. 4) is read (block 615). On the first pass
through this routine, the monitoring wheel should have
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gone from “STEP” to “HALF-STEP"” reference posi-
tions. The photocell (block 618) is read to verify that it
is on a "HALF-STEP” (photocell should be blocked by
a tooth on slotted monitoring wheel 109 [FIG. 3]). If on
a half-step, re-entry to block 605 is made via line 621 to
re-enter the routine to write out four more words. The
monitor wheel should now be on a full “STEP” again.
Photocell 110a is read (block 620) to verify the full step
position. Then there is a branch back (block 626). If at

34

2). Double instructions are printed on two lines, rather
than one. The second line contains data or an address
associated with the double word instruction. Data,
numbers, and addresses are generally given in hexadeci-
mal notation, rather than the decimal and octal notation
found in the Users Manual. The following list indicates
the format of instructions which differ from the format
in the Users Manual. *“D” indicates data in hexadecimal
notation. “R” represents an index register number in

any place the photocell doesn’t agree with what it 10 hexadecimal. Reference should be made to the Users
should be, there is a branch back with an error message Manual for a complete description of the instructions.
PROGRAM
MNEMONIC REPRESENTATION COMMENTS

LDM LDM + D

LD LD + R

XCH XCH + R

ADD ADD + R

SUB SUB + R

INC INC + R

BBL BBL + D

ISZ ISZ + R

JCN JCN + TZ where condition is TEST = 0
JCN + AZ where condition is ACCUMULATOR =0
JCN + AN where condition is ACCUMULATOR £ 0
JCN + CZ where condition is CARRY = 0
JCN + CN where condition is CARRY £ 0

JIN JIN + R

SRC SRC + R R is even, refers to register

FIN FIN + R pair R, R + 1

FIM FIM + R

INTERPRETATION OF THE COMPUTER PRINTOUT

STATEMENT
NUMBER [—COMMENTS
IOlll(l I LSUBROUTINE ADP J0JAN 74 I

01117
01118

*ROUTINE TO ADD POSTAGE TO METER (BOTH
*DESCENDING REGISTER AND CONTROL SUM)

HEXADECIMAL REPRESENTATION OF

INSTRUCTION ADDRESS

MACHINE INSTRUCTION IN HEXADECIMAL
STATEMENT NUMBER
LABEL OF INSTRUCTION

INSTRUCTION IN MNEMONIC FORM
r [—COMMENTS

1400 0 8020 01119 ADP DC FIM + /C
1401 0 00B7 01120 DC /B7
1402 0 302D 01121 DC SRC + /C
1403 0 BOEC 01122 DC RDC (B) READ STATUS CHARACTER
1404 0 BOF6 01123 DC RAR CHECK FOR XXXI
1405 0 801A 01124 DC JCN + CZ
1406 0 143B 01125 DC ERRR
1407 O 802E 01126 DC FIM + /E
1408 0 0000 01127 DC ,00
1409 0 806F 01128 RTNI DC INC + /F DETERMINE NUMBER OF CHARACTERS
140A 0 802D 01129 DC SRC + /¢ INDISPLAY
140B 0 80E9 01130 DC RDM
140C 0 8014 0113t DC JCN + AZ
140D 0 1410 01132 DC END
(1¢) as per block 623.
APPENDIUM A APPENDIUM B
Comments on The Postage Meter Program Printout Description of the Stepping Motor Operation

The representation of some of the instructions has
been slightly altered from those representations Intel
uses in their Users Manual (copyright March 1972, Rev.

The stepping motor 50 (FIG. 3, 4a) has four driving
coils, two of which are energized at a time. The motor
rotates one increment (motor step) when the pattern of
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energized coils changes. The schematic of the motor
driving circuitry is shown in FIG. 19.

In the following table, **1™ will represent an ener-
gized coil, “¢™ will represent a de-energized coil. The
stepping sequences are as follows: The “STEP-UP”
sequence turns the motor in such a direction as to in-
crease the meter setting, the “STEP-DOWN” sequence
decreases the meter setting. The bit pattern correspond-
ing to energized and de-energized coils will be referred
to as the “MOTOR WORD”.

36

selected bank. A slotted wheel 109 (FIG. 3) is coupled
to the motor such that when the motor is at To(or Tg')
the photocell 110z (FIG. 3) sees a slot, and at the T4
time period the photocell sees a tooth. Thus, in chang-
ing the print mechanism by one digit the photocell
should see a slot-tooth-slot sequence. This provides a
means of monitoring the stepping sequence to verify
motor operation.

It will be appreciated by those skilled in the postage

10 meter art, that a new postage meter system has been

TABLE
MOTOR WORD MOTOR WORD
(STEP-UP) (STEP-DOWN)
TIME PERIODS Coill Coil2 Coild Coild Coill Coil2 Coil3 Coil4
To 1 0 0 1 1 Q 0 i
T One- 0 0 ! 1 1 1 0

T: Half 0 1 1 0 0 I 1 i}
One T3 Step 1 1 0 0 0 0 ; 1
Full Ta 1 0 0 1 i 0 0 1
Step Ts 0 0 1 1 i 1 0 4]
Ts 0 1 1 0 0 t 1 0
Ty 1 1 0 0 0 0 1 1
To 1 0 0 I 1 0 0 1

(To; To') is the “rest” state where the motor remains
when it is not being stepped. When stepping, T,—Ta-
1~ delay in the stepping routine (STEP, FIG. 51). The
gears coupling the motor to the print wheels are such
that a sequence of motor steps as above (from To to
* To") will change the meter setting by a single unit in the

25

disclosed herein. As a result of the many new concepts
and novelties thereby introduced, it is probable that
many modifications of an obvious nature will occur to
the skilled practitioner in this art. All such obvious
changes are intended to be within the spirit and scope of
this invention as presented by the appended claims.

30
Ry 3 1 1172177«
/7 308 0001 0002 0001 Q002 1
LLG DAIVE CARY SPEC CART AvAIL PnY DRIVE
0000 0001 0001 0000
0001 0002 0002 0001
v2 M09 ACTUAL 18K (ONFIG oK
SEQUATI(PAPTX PAPTY)
/7 ASM
emACLIB [INTAS
*XREF
00001 AbS
00002 . CLEAR
00003 «PROGRAM AS OF 30 JAN 1974 EPN=-2
00004 P0G RGNS EENNERRBEOIRONRREERRDONEOERACEOROERNEOIRAEODIGERESS
00005 8 ROM w0 0000 contaianesattcsdlteRoscRateeRiReanIceniaddssORsS
00006 NN EOERERERRINNPRNNEEDONNSRAREBRNREGREDNERNS
00007 ese INITIALIZATION esesssscReRORERERBRRE
1000 O 8000 0000 oC NOP
1001 0 #02¢€ 00009 oC FiMe/E SET MOTOR TO FIAST STEP
1002 0 00CO 00010 0ocC /C0 RAN 3 PORT USED
1003 0 W¥O02F 00011 oc SRC+/E
10064 0 8009 00012 [+]% LON+g
1005 0 80EL 00013 DC wWMP RAM3I
1006 0 8050 0001« oC Jus LUAD MEMORY
1007 0 1142 00015 oC INRAM
1008 0 ©802A 00016 0C FIM+/A CLEAR METER SETVING REGISTER
1009 0 0030 o017 [+] 730
100A O 80350 00014 0C JNS
1008 0 1260 v0o19 oC CLEER
100C 0 8050 00020 oc FLE SET METER TO 0000
1000 0 117s 00021 119 HUME
1006 0 8004 00022 L 1] DC LDMe s LOAD OESCENDING REGISTER
1OOF O G80FA 00023 29 STC
1010 0 8u2e 00024 DC Fimes
1ull 0 1224 w0025 ]¢ DESC
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1012

1013

1014
1015
101e
1017
1018
1019
101a
10le
101C

1010
101E
101F
1020
1021
1022
1023
1024
T 025
J2e
1027
10208
1029
102a

1028
102C
1029
102€
1U2F
1030
1031
1032
1033
1u3e
1C3S
1036
1037
1038
1039
1C3A

1038
103C
1030
103¢
103¢

1040
1uel
1062
1043
1066
1045
1046
Lue?
10648
1049
1044
Lused
10a&C
1040
104E
LO4F
1050
1051
16%2
1053

X -N-Y-N-¥-N-N-N-N-R

[~ -N-N-N-N-N-N-N-N-N-K-X-]

CCOCODOOOCO000CCO000O0O00 CCOOO 0OOOCCOO00O0COO0000

8050
121
802C
0080
s020
8001
B0OED
8050
14A3
8050
110A

202€
0089
6024
0000
8026
0049
802F
60E9
8014
1029
80AF
8089
807F
1023

802€
[eJ1]:1 3
¢0D3
8050
149¢
302F
BUEY
anay
8OEL
BOF1

8049 .

809F
5000
80F¢
8028
80€E1

dOF1
8007
SO8F
BO1lA
1060

80€EA
3014
10359
80FC
8003
80AF
8085
80F1
8095
801C
105¢
8063
80A3
8014
105€
80p4
dufFl
R094
801C
LO5E

37
00026
00027
00028
00029
00030
00031
00032

00033

00034
0003s
00036
00037
00030
00039
00040
00041
00042
00043
00044
00045
00040
00047
00048
00049
00050
00051
00052
00053
00054

00085

QouSe
00057
00058
00059
00060
00061
00062
00003
00064
00065
00066
00067
00068
00069
00070
00071
006072
00073
00074
00075
00078
00077
00078
00079
00080

. uogel

00082
00083
0008«
00085
00086
Q0087
00083
00089
00090
00091
00092
00093
00094
00095
00096
00097
00090
00099
00100
oolol

0C
DC
oC
oC
1o
0C
0oC
oC
oc
oc
ocC

4,306,299

Jms
FCTN
Filme/C
/80
SRC+/C
LOM+ ]
WRM
JMS
CHCK
JuS
LOLMP

eSUBROUTINE SCAN
SREGISTERS OXobXoUXoAXyCXoEX AREL USED TEMPORARILY BY ROUT.

*REGISTER 2
SREGISTER &

*COUNT® wWORD
'ROW® WORD

38

wRITE SET DAYE REMINDEAR INTO
OISPLAY wORD

08 JUNE 1973

SAVE
SAVE

¢REGISTER S *'COLUMN® WORD SAVE

sCan  DOC
0C
bC
oC
0C
oC
CONT3 DC
oc
DC
0C
0C
0C
CONT4 DC
oc

eS/R PORT RAM O,

FiMe/E
/89
FIMe/A
/00
Fines
/749
SRC+/E
ROM
JCNeAL
CONT S
LO+/F
XCHe9
ISZ+/F
CONTS

SET UP CNTR TO CHECK BLANK NG
SELECT S R PORT LOCATION
OUTPUT PURT DISPLAY LOCATION
R9 NUMBER OF OISPLAY DIGITS
ROUTINE TO DETERMINE BLANKING

CHECK FUR NON-ZERD OIGIT

UPDATE COUNT REGISTER FOR DIGITS

DISPLAY PORT RAM 1

e FIKST PART OF PROGRAM DETERMINES ULANKING

INETIAL OISPLAY BUFFER LOCATION

GeT MPX STARTED

SELECT LOCATION [N DISPLAY BUFFER

- READ OISPLAY CHARACTER

RAML

INDICATES OIGITS TO 8E DISPLAYED
CHECK TO SEE IF NUM, TO BE OISPLAYED

RAMC 8 BIT
RAMO O BLANKS, ! UNBLANKS

ROMO READ °'RONW' WORD
TEST FOR INPUT

KEYBOAKD 1~4 [F KEY ON
STURE

UPDATE °*COLUMN' WORD

COMPARE MWITH PREVIOUS °*COLUMN' wORD
WORD NOT EQUAL, JUMP ‘COUNT' WORD =0

CONTINUE [F SAME R} = 2-5

CHECK TO SEE I|F MORE THAN ONE KEY
MORE THMAN ONE KEY, JUmP,

SET ‘COUNT' WORD = 0

COMPARE wlTH PREVIOUS *ROwW* WORD

COMPARE
NOT SAME, JUMP, SET 'COUNT' = O

>, 4 Fime/t
DC /06
oC LDMe)
[+ Jns
oc (44

STRT OC SHC ¢ /E
ocC RDM
[+ B SRC+8
0C uMp
ocC cLe
(\[o LDe9
119 Sude+/F
oC LDOMeD
oC RAR
DC SRCe+/A
ocC WMP

® GOES TO DECUDER DRIVER
DC cLe
DC LDMes7
oC ADO*/F
DC JCN+CZ

. bC Te

s SKIP OVER FIRST FEW BANKS OF KEYS
DC RDR
1] JOCNeAZ
oC Tl
or [{:14
0oc ACHe)
oc LDe/F
0C XCH+S
oC cLC
oC SuB+S
DC JCNeAN
0C T2
oC INCe)
DC LD¢+)
oC JONeAZ
0cC T2
[+]9 XCHe4
DC cLe
0C SuB+s
oC JONCAN
oc T2
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39 40
1054 O 80A2 00102 ocC LD*2 INCREMENT *COUNT® WORD [F wORD SAME
1055 0 WOFA 00103 0¢ STC ,
LUSe U BOFS 00104 oc RAL
1057 0 8040 00105 oc JUN
1058 0 10SF 00106 0C T3
1059 0 O8OAF 00107 T oC LO+/F COMPARE °CULUMN' WORD
105A 0 B80QF1 00108 oC cLc £ NOT S, "COUNT® WORD SAME
1038 0 4095 00109 DC SUBe+S F = 5 'COUNT' WORD SET TO ZERO
105C 0 s0lLC 00110 oc JON+AN
1050 0 1060 00111 oC T4
105€ 0 8000 00112 12 DC LOM+O SET *COUNT' WORD TO ZERO
LOSF 0 8082 00113 13 D¢ ACH+2 UPDATE *CQUNT' wORD
1060 0 802C o0lLle Te oc FIMe/C INITIALIZE MEGISTER 5
1061 0 00OF0 ool1s ‘ oc /FQ
1062 0 B8OTO oolle CIRC OC 1S2+/0 DELAY LOOP
1063 0 1062 ool17 oc . CIRC . -
1064 O 8011 o0l18 DC JCNeTZ TEST FOR SHUTDOWN
1065 0 10E7 00119 cc Own3
1066 0 807C 00120 oc I1SZe+/C
1067 0 1062 00121 oc CIRC
1068 0 8002 00122 oc LOMe2 GENERATVE CP TO ADVANCE SCAN
1069 0 8050 00123 oC Jns TO NEXT OIGIT .
L06A 0 149 00124 DC cp
1068 0 BO7F 00125 oC 1SZe/F LOOK FOR END OUF SCAN
106C 0 1030 00126 ocC STRT
106D 0 80OFL ool127 oc cLe
1U6E 0 8007 00128 oC LONeT PRUCESS XEY ON 'COUNT' WORD = 0111
106F 0 8092 00129 oC SuBe2
1070 0 60IC 00130 oC JCN*AN CHECK T SEE LF PROPER °*COUNT' wWCAD
1071 0 1099 Vo131 oC .15 {F NOT Olils GO BACK YO SCAN
1072 0 &0F1 0ol oC cLe
1073 0 80DA oy133 DC LOMe/A PLACE T~OLE
1074 0 ¢d0a% 00134 nC ADD+4 SET uP FIN
00135 *A0D CONTENTS OF Ré& (2-5)
1675 0 8000 00136 DC XCH+0
1076 O 80AS 00137 oc LD+5 6-F
1u7T 0 8v8lL 00134 oc XCHel Ox SET UP WITH ADDRESS
. 00139 .
1078 0 8036 00140 oc FiNes
1079 0 802A 00141 oc FiMesa ADDRESS CUNTAINING BATCH
107a O OOBE 00142 oC - /8E INDICATORS
1078 0 8028 00143 oc SRCe/A
107C 0 80¢9 00144 DC RDM
1070 0 80F1 00145 oC cLe ISOLATE BATCH INDICATORS
L0TE 0 B8OF6 00146 oc RAR
107F 0 80F1L 00167 DC cLC
1080 0 80OF¢ 00188 oC RAR
00149 ®READ TO SEE IF BATCH OISPLAYED
00150 . ‘ A
1081 0 HOEs 00151 oc WRO . 18) STORE . -
1082 0 802A 00152 oc Fine/a CLLMP ‘CLEAR LAMP DISPLAY AREA
1083 0 Qo088 00153 0C 788
1084 0 8050 00154 . bC JMS
1085 0 1260 00155 oC CLEER
.lo8s 0 80QFa 00156 oC STC TEMPORARY CARD CHANGE SUBROUT INES
1087 0 6050 00157 ocC . Jns JURP TO FUNCTION REPRESENTED &Y KEY
1088 0 12C1 00150 114 FCTIN
1089 0 4024 00159 oc FIMesa SELECT STATUS CHARACTER
108A 0 0060 00160 oc /80
1088 0 8026 00161 oc SRCe/A
108C 0 B0E4 00162 oc WRO (B} ACCUMULATOR CONTENTS UPON RETURN
00163 o FROM FCTN STOURED HERE
108D 0 8050 00164 DC Jns COMPARE METER SETTING REGISTER wITH
108E 0 1098 00163 oc ChuPaAR DESCENDING REGISTER
108F 0 B02A 00166 DC Finesa SELECT OUTPUT WORD
1090 0 008C 00167 oc 768C LOW POSTAGE. NO POSTAGE
1091 0 8028 00163 oC SRC+/A
1092 0 80F1L 00169 oc cLe
1093 0 3UEB ool70 oc ACM WRITE LDw PUSTAGE, MO POSTAGE IN
1094 0 80€0 00171 oc WRM DISPLAY LAMP REGISTER
1095 0 8030 00172 0C Jns
1096 0 1443 00173 oC CHCK
1097 ¢ 80% 00174 DC H
1098 0 1104 00175 o LOLNMP
1099 0 8040 voiTe TS oC JUN AETURN TO SLAN
1094 0 1010 oo177 oc SCAN
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109s
109C
1090
109E
L09F
10AD
10A1

10A2
1043
1044
LOAS
1046
LuA?
1048
1049
LOAA
10A8

10aC
10AD
L0AE
LOAF
1oso
luel
1082
1063

1084
10b5%
LO08s
1087
1uBa
LUbY?
10bA
10606
108C
1080

100E
108F
10C0
10C1
1oc2
10C3
10Cs
10C3
10Ce
107
10Cs

10C9
10C9
10CA
10Ce
19CC
10C0
10CE
L10CF

1000
1001
1002
1003
1004
1005
10Ds

OCCOo0OCODOCOOQO ©CO00OCCOCOO 0OOO0OCCOOO O0COO0OOO0O0O ©OCOOCOOO

COOODOOCO0OO ©OCOOOOO

8028
003C
802A
0000
B802E
000E
80FA

80F9
8029
BOES
8OF1
8028
80EB
80F8
80601
8079
1042

80F9
8028
80E8
80F8
80¢&9
8014
1084
806E

406B
BOTF
10AC
BOAE
8014
1088
auco
801a
10f8
80C2

8081
8000
8060
8034
8060
803C
8060
803E
8028
003C
80C0

1276
1223
1201
1202
1203
1226
Qovo

o0uo
002A
0014A
0010
0000
0006
0020

41
00178
00179
00180
oolsl
00182
o0l83
00184
00185
o0lae
o0la7
00184
00169
00190
00191
00192
00193
00194
00195
00196
00197
001938
00199
00200
00201
00202
00203
00204
00205
00206
00207
002086
00209
00210
00211
00212
00213
0021

T 021y

00216
00217
00218
00219
00220
00221
00222
00223
00224
00225
00226
00227
00223
00229
00230
o023l
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
UD244
00245
00246
00247
00248
00249
00250
00251
00252
00254
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METER SETTING vS DiL5C. REG 08 JUNE 1973
SREGISTERS BX,AX.EX USEU 8Y ROUTINE *

*SUBROUTINE CUMPARE

42

METER SETTING REGISTER
INITIAL LOCATION OF
COUNTING LOOPS

DESCENDING REG.

SUBTRACTION LGOP TO COMPARE MSR wWITH
DESCENDING REGISTER ‘ -

PROCESS CARRY
CHECK FOR MORE THAN 83100

GREATER THAN OR = $100.00

GREATER THAN $100

CH dbL+3

Cmpak DC FIMe§
nC /73C
DC FINe/A
DC /00
[+14 FiMese
oC /0€
DC STC
*
cl oC TCS
0C SRC+8
]9 Sem
o] 4 cLc
[+]9 SRC+/A
[+]4 ADM
DC DAA
0C INCe/B
oC 152+9
o] cl
*BASIC SUBTRACTION LOUP
L ]
c2 >, L (%
DC SRCe/A
nC ADN
oC DAA
ocC RDM
[+]4 JONeAZ
(119 c3
oc INCe/E
eE NDOT 2ZERO, DESC. REG.
c3 oc INC+/8
DC 1S2+/F
oC c2
114 LO+/E
oc JCNeAZ
oC Ce
[+ 83L+0
Cé ocC JCN+C2
[+[o Cs
114 88L+2

eSUBRUUTINE FeTCH

LESS THAN $100

SREGISTERS OXyBXsAXCXIEX ARE USED

*ROUTINE INITEALIZES

REGISTERS BX,AXsCX4EX

OF *NUMBER METER SET TO* REGISTER

ADDRESSES UF VARIOUS REGISTERS
WORD ADDRESS FUR LOAD LANMP

&

08 JUNE 1973

o€ WORD FOR LOAD LANP, F COUNTER FOR LOOP IN ADD SUBADUTINE

*6X INITIAL ADORESS
*AX INITIAL
eCX
FETCH OC XCHel
[+] LOM+/D
DC XCHeO
DC FINe/A
oC INC+0
oc FIN+/C
oC INC+0
DC FINe/E
DC Fined
1] /73C
bC 88L+0
*SUBROUTINE LOOK-UP
ORG 7109
oC 111
oc COUNT
oC ONE
oC Two
ocC THREE
[+14 CNTRL
0C /00
(]
s, /00
0C /2A
[, o /1A
oC /710
0cC 100
oC 106
0C /720

ACCUMULATOR CARRIES

0X TO DX
AX INITIALIZED
ox 70 EX
CX INITIALIZED
00X 70 FX
EX INITIALIZED
8X INITIALIZED

TABLE

Tl ADP
PIECE COUNTY
MUMBER 1
NUMBER 2
NUMBER 3
CONTROL Sum

BATCH CUUNTY

BATCH SUN

PIECE COUNT
DESCENDING REGISTER
ASCENOING REGISTER
CUNTROL Sum
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43 44
00254 eINITIAL ADDRESSES OF REGISTERS AX
00255 L]
1007 0 0000 00258 oC /00 07
1008 0 0000 00257 [+]0 /00 +1 ]
1009 0 1273 00258 oC [ A T2 SunP (+1]
L0DA O 1222 00259 oC BSUM BATCH SUN DA
1008 0 1204 00260 1] FOUR NUMBER 4 (].]
100C 0 1205 00261 oc F1VE NUMBER 5 0oc
1000 0 1206 00262 0C Six NUMBER & 00
LODE 0 1225 00263 oc ASC ASCENDING REGISTER OE
LOOF 0 0000 00264 oC /00 DF
00265 .
10€EO0 ¢ 0000 002608 ocC 700 EO
10€1 0 008E 00267 +18 /8E BATCH COUNT €l
102 0 008E 00268 . 0C /8E BATCH SuM [ F
10E3 O OO8F 00269 DC /8F PIECE COUNT €3
104 O O0O08BF 00270 oC /8F DESCENDING REGISTER E4
LOES O QuaF 00271 oC /78F ASCENOING REGISTER ES
LOE6 O O0O08E 00272 [+] 4 413 CONTROL Sum €6
00273 oSELECT WORD FOR LOAD LAMP AREA cx
00274 .
107 O 8040 00275 DwN3 0OC JUN E?
1068 O 115A 00276 oc DOWN ES
10E9 0 1297 00277 oC POST PHOTOCELL €9
10€A 0 1221 00278 oc BCNT BATCH COUNT €A
L0E® O 1207 002719 0C SEVEN NUMBER 7 Eb
10eC 0 1208 00280 oc EIGHT NUMBER & EC
10ED 0 1209 00281 (1] NINE NUMBER 9 €0
10€€ 0 1224 00282 ocC DESC OESCENDING REGISTER EE
L0EF O 0000 ou283 oc /700 EF
00284 .
L0F0 C 0000 002869 [» 4 /700 0
10F1 0 004C 00280 oC 74C SATCH COUNT Fl
10F2 0 008a 00287 oC /BA BATCH SUM F2
10F3 0 0029 00204 0 /29 PIECE COUNT [ 3]
LOF& 0 00sA 00259 DC 764 ODESCENDING REGISTER F4
10F5 0 0086 00290 oC 786 ASCENDING REGISTER Fs
10F6 U 0026 00291 0C 726 CONTROL SuM ' Fo
00292 *WORD FOR LULAMP, CUUNTER  E,F
00293 .
10FT 0 0000 00294 DC 700 F?
10F8 0 80C3 00295 cs [+198 88L+3 F&
10F9 0 0000 00296 oC /700 F9
10FA O 1230 00297 oC CLEAR CLEAR FA
10F8 0 12606 00298 DC UNLCK SUNLOCK F8
10FC 0 1200 00299 ocC LERD NUMBER O FC
10F0 0 0000 00300 uC 700 ‘ FO
LOFE 0 1278 00301 [+ 14 PLUS s " L FE
10FF 0 12C5 00302 ocC SET SET . FF
00303 sSUBROUTINE 08 JUNE 1973
1100 00304 ORG /1100
00305 SO0 CNCR NN RCONRVERGENONISONREROPRNOOORDREDIRERGOROERENS
0030s ® ROM 2] 002000830000 000 0000000000000 00R00CR000000R008R000
00307 SECEPEIERS RGOSR NNDOORROOBSOCORRICRECOOREENNNOERETRROONEOOS
00308 eSUBROUTINE METER ENABLE 08 JUNE 1973
00309 sREGISTERS AX USED
1100 0 8050 00310 ENOLE OC Jus COMPARE wITh REGISTER CONTENTS
1101 0 1098 00311 oc CHPAR METER SETTING vS DESC. REG.
1102 0 080lA 00312 0C JCNeC2
1103 0 1109 00313 DC it JUMP QUT IF TOO LARGE C=0
1106 O 68004 001314 DC LOMes
1105 0 802a 00315 oC FlMe/A IF YES, LOAD BIT TO ENAMLE METER
1106 0 008D ud3le oc /8D LOCATION IN GUTPUT WORD
1107 0 8028 00317 [} SRC+/A
1108 0 80EQ 0013138 [+19 [ L1]
1109 0 80CO 00319 il 0C 88L+0
00320 «SUBROUTINE LUAD LAMPS 08 JUNE 1973
00321 SREGISTERS AX,CaoF USED
110A 0 &02C 00322 LoLmMP OC FIne/C FIRST ADDRESS IN LAMP STORAGE
1108 ¢ 0088 00323 oc /788 LOCATION
110C 0 8020 00324 RTN oC SRCe/C SET UP IN]ITIAL ADORESS
1100 0 @0OE9 0032% 0c RO READ wORD
1106 O 806F 00326 (1] XCHe/F TEMP, STORE
110F 0 8050 00327 oC JnS
1110 0 1114 00324 (1.4 ouTPTY
1111 0 807D 00329 0C I1S2+/0
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1112
1113
llle
1115
t11e
1117
1118
1119
1114
1ile
111C
1110
111€
111F

1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1124
1120
112C
1120
112€
112F
1130
1131
1132

1133
113
1135
1136
1137

1138
1139
1134
1138
113C
1130
113€
L13F
1140
116}

1162
1143
L1464
1145
L1486
Lie?
1148
1149
1144
1148
114C
114D
114E
114F
1150
1151
1182

[~ X-X -]

[-X-X-N-F-N- NN ¥-¥-

CO0O0O0O00OOODECOCOODOOO

OCCOOCOO0OOCOO0O000O

‘ 000000OOOCOODOOOCOOD

110C
80C0
802a
oo0oC
00bF
80Fs
808F

. 8002

80F3
8050
1649E
8078
1997}
80Co

8029
80€9
80oF
8028
80€s
80f8
80E0
8068
80C0
80F1
8050
1120
8079
1124
8050
1123
807F

S 112€

8000

802A

QUTF

a02e
800
80C0

80F1
8028
80E9
801le
113€
80FA
8068
s07C
1139
8nco

8020
0040
8022
0080
8024
0000
8026
0020
8027
S80EA
8029
80LO0
8021
80€E1L
802)
8008
80€el

- 45

001330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00340
00347
00348
00349
00350
00351
00352
00353
00354
00355
00356
00337
00358
00359
00360
00361
00362

: 00363

00364
00365

. 003686

00367
00368
00389
00370
00371
00372
V0373
00374
00375
00376
00377
00378

' 00379

00380
00381
00382
00383
00384
00385
00386
00387
00388
60389
00390
00391
00392
00393
00394«
00395
00396
00397
00398
00399
00400V
00401
00402

« 004601

00404
00405

4,306,299

46
1] RTN
[+ 4 BBL+0
OUTPT OC FIMe /A SET UP COUNTING LOOP
oC /70C
our bC XCHe/F RECALL wORD
oC AAR PUT RIGHT 81T IN CARRY
DC KCH+/F STORE REST OF wWORD
DC LOMe2 WRITE IN CP
DC RAL
oC JMS JUMP TO CLOCK PULSE
oc cP
2] 1S2+/8
oc out
oC 8¥L+0
oSUBROUTINE ADD SUBROUTINES 08 JUNE 1973
eREGISTERS OX,AX,F USED
ADD1. OC SRC+8 INITIAL ADDRESS OF METER REGISTER
ocC ROM
ADOLX DC INC+/F INCREMENT COUNMTER
ADD2 DOC SRC+/a SELECT REGISTER ADORESS
oC ADM ADD
DC DAA
DC wkM WRIVE
oc INCe/B INCREMENT REGISTER AOORESS
oc 88L+0
ADDO 0OC cLe
AODY 0OC Jns
oC ADD1
0C 1S2+9 INCREMENT ADDRESS OF METER REGISTER
DC ADOY TERMINATE LOOP wHEN COMPLETED
ADDX DC JAS
oC ADO2
DC ISTe/F INCREMENT COUNTER, TERMENATE LOOP
oC ADDX WHEN FINISHED .
oC BUL+0
oSUBROUTINE ERRONR 08 JUNE 197)
SsREGISTERS AX USED
ERROR Ou FiMesa SELECT LUCATICN I[N DISPLAY BUFFER
nc /uf
2] 8 SRCe/A
0C WRM WRITE IN ERROR MESSAGE
oC 88L+0
¢SUBROUTINE CHECK (USED IN SET) 08 JUNE 1973

SREGISTEFS AX,C USED

eCHECKS TO SEE IF CERTAIN LOCATIONS ARE NON-ZERO. IF
oNON-ZERD, CARRY 1S SEV

SREGISTERS SET UP BEFORE SUBROUTINE CALLED

CHECK OC cLe
cxl oc SRC+/A
oC ROM
oC JONeAZ
DC cx2
. DoC STC
cr2 0C INC+/B
oC [SZ+/C
ocC cKl
oC 88L+0
eSUBROUTINE INITIALIZE 08 JUNE 1973
SREGISTERS OX¢2Xo4Xs8X ARE USED s
INRAM OC FIMe0 SELECT PORT RAM]
0C 140 8CD ourerut
[+ 4 FiNe2 SELECY PORY RAM 2
oC /760 cp
[+]4 FiMes INTEL RAM WHERE CONTENTS DUMPED
DC /00 ADDRESSING
0C Fimeg SELECT PONRT ROM2
oC 720 8CD INPYT
L0l 0C SRC*s
0C ROR RUM2 QUTPUT OF SHIFT REGISTER
oC SAC+4 MEMORY
DC RN PUT IN REMORY
pC SRC+0
DC up RAM] WRITE BACK IN S/R
[+]4 SRC+2
oC LDN+B GENERATE CLOCK PULSE
oC uMp RAN2
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1153 0 8ovo 00406 oC LDM«0
1154 0 BOLEL 00407 oc wHp RAM2
115% 0 8075 00408 e 1S2+5 INCREMENT RAM ADORESS
1156 0 lleA 00409 oc Lol
1157 0 8074 00410 oC [S2+4 INCREMENT RAM ADDRESS
1158 0 1144 00411 oc L0l
1159 0 80CO 00412 oC BBL+0
00413 *SUBROUT INE SHUTOOWN 08 JUNE 1973
00414 sREGISTERS OXo2X,4X USED
1154 0 8020 00415 DONN DC FiMeo SELECT S/R INPUT
1158 0 0040 00416 oC 740 8CD INPUT
115C 0 8022 00817 0c FiMe2 SELECT PORT
1150 0 0068 00418 oc /88 ce
1156 0 B024 00419 0C FIMes .
11SF 0 0000 00420 .ue 700 ADDRESSING o RAM
1160 0 8025 _ 00421 DwNl  OC SRC+4
1161 0 B8OE9 00422 oc ROM READ RAM
1162 0 8021 00423 oC SRC+0
1163 0 B80E1L 00424 oc Wep RAML WRITE QuF TO S/R
1164 0 8023 00425 oc SRC+2
1165 0 w008 00626 DC LOM+D GENERATE CLOCK PULSE
1166 0 BOEL 00427 14 wnp RAM2
1167 0 8000 00428 oC LOM+0
1168 0 B8OEl 00429 114 uMP RAM2
1169 0 8075 00430 oc 1S2¢S INCREMENT RAM ADORESS
1164 0 1160 00431 oC OwNl
1163 0 8064 00432 hd INCes
1leC 0 8073 0043} DC [SZ+3
1160 0 1160 Q0634 oc OWNL’
116€E 0 80D+ 00435 OWN2 OC LOM+s TURN UFF MEMQRY
116F 0 8UE) 00436 oC WMP RAM2
1170 0 8000 00437 pC LOMeO
“1171 O GOEL 00438 > 4 WMp HAM2
1172 0 8040 00439 oC JUN STAY [N LCOP UNTIL RESET OCCURS
1173 0 116E 00440 oc DuNZ
00441 «SUBROUT INE HUME 08 JUNE 1973
00442 SREGISTERS OX4CXeEX USED
1176 0 802C 00443 "HOME OC EIne/C SET UP ADODRESS UF OLD
1175 0 0030 Q06ss oc 730 NUMBER LOCATON RAM ADORESS
1176 0 80DC 00445 oC LDMe/C COUNT OF &
1177 O BOBO 00466 oc ACH+O -
1178 0 €050 00447 DC Jns CLEAR PHCTOCELL S/R .
1179 0 11489 00443 0c CLR . FIRST BANK OF PHOTOCELLS ENABLED
1174 0 8020 00449 BLANK DC SRC+2C WRITE ZERQS IN ALL OLD
1178 0 80EO 00450 oc wRM NUMBER LOCATIONS
117C 0 8060 00451 oC INC+/D
1170 0 8070 00452 oc 152+0 LOCATIONS 30-33
1176 0 117a 00453 oC BLANK
1L7F O BO2E 00454 oc FIMe/E WRITE ZERDS IN ALL STATUS
1180 0 00CO 00455 oC /€0 CHARACTERS USED
1181 0 B802F 00456 oc SRC+/E
1182 0 80€+ 00457 oC WRO (w
1183 0 80€S 00458 [ WR1 ) . .
1186 0 8020 00459 oc FineQ - R
1135 0 0030 00480 oc /30 , ‘ ’ y
1186 0 8021 00461 114 SRC +0
1187 O BOE4 00462 DC RO 3
1188 0 60ES 00463 oc WR1 (3)
1189 0 B80E6 00464 oC WR2 13
118A 0 B8OE7? 00465 nC R t3)
1186 0 BOEA 00466 oC RDA ROM3 CHECK EVERY svev 9narncELL
118C O B80FS 00467 oC RAL USING CARRY BT
1180 0 8012 004068 [H1d JCN+CN IF CARRY [S ONE CONTINUE
1186 0 1198 00669 oC HOME 1 W1 TH PROGRAM
118F 0 B0DF 00470 DC LOM+/F I¢ CARARY S ZERQ INSTRUCY
1190 0 @80ES& 00471 , oc WRO (3) MOTOR TO TAKE ONE
1191 0 0050 00472 oC JHuS MALF STEP
11932 0 11¢7 00473 oc STEP
1193 0 801& 004Te oc JCNeAZ IF NO ERROR FLAGGEOD CONT.
1196 0 1198 00475 oc HOME | wiTH PROGRAM
119% 0 8050 00476 ERRL OC NS IF ERROR FLAGGEOD JUHP 10
1196 ¢ 1133 00477 nC ERROR DISPLAY [T
1197 0 80CO UosTY oC 8alLe0
1198 0 800C 00679 HOMEL DC LOMe/sC FLAG BANK IN REGISTER D
1199 0 8080 00480 o¢ XCHe 70
1194 0 8050 00481 nUMES DC JHS JURP TO SET ROUTINE
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1196 0 1300 00482 oC STPe SET TO PRUPER BANK
119C 0 8014 00483 oC JCN+AZ 1F NO ERRUR FLAGGED CONT.
1190 0 11A0 00484 oC HOME 3 WlTk PROGRAM
L19€ O 535040 00485 0C JUN IF NO ERROR FLAGGED, JuMP TO
119F 0 1195 00486 oC ERR1] DLSPLAY IT
1140 0 8050 00487 HOME 3 OC JMS CHECK FOR BANK AT ZERO
L1al 0 13%3 00484 0C LEROB
11A2 ¢ 8050 00489 0oc Jus CLEAR PHOTOCELL S/R
1143 0 1189 00490 0C CLR
11a¢ 0 @012 00491 oC JON+CN {F BANK IS ZERD COMT. wlTH
1143 0 11laC 00492 0C HOME 2 PROGRAM
11A6 0 8050 00493 0C Jns I1f BANK |S NOT ZERO STEP
11a7 0 11C7 00494 oc STEP 0 lERO
11A8 0 8014 00495 0cC JCNeAZ IF NO ERROR FLAGGED CONT.
11a9 0 1140 00496 . 0oC HOME3 WITH PROGRAM
11AA O 8040 00497 oC JUN 1F ERROR FLAGGED, JUMP TO
1148 0 1195 00498 oc ERR L OISPLAY [T
11aC 0 8021 00499 HOME2 OC SRC+0 CLEAR STATUS CHARACTERS
11AD 0 B8OES . 00500 oc w1 13)
11AE O 80Et6 00501 0C WNR2 t3)
11aF 0 B8OE7 00%02 0C wR3 {3)
1180 0 #8070 00503 1.4 IS2Z+/0 LOOP TO ZERC ALL FOUR
1181 0 1194 00504 0C HOMES BANKS
1182 0 B8OEA 00503 oC RDR ROM3 CHECK FIFTH POSITION
1183 0 BOFS 00506 oC RAL PHOTOCELL
1164 0 BOF5 00507 ocC RAL
1185 0 wODE 00508 0C LOMe /E
11€6 0 80LlA 00509 oC JCNOCLZ [F CARRY [5 lERO FLAG
1187 0 1195 00510 DC ERR1L ERROR
1168 ¢ 80CO 00511 0c BuL+0 BRANCH BACK wITH NO ERROR
00512 oSUBRUUTINE CLEAR S/R 08 JUNE 1973
00513 oKEGISTERS 6X USED
00351s *RAM 2 S/R QUTPYTY
1189 0 8026 00515 CLR oC Fineo CLOCK [N TEN ZEROS
1184 0 0086 0035146 oc /706 PHOTOCELL S/R TO
llbe v €027 00537 oc SRC+& CLEAR ALL OUTPLTS
11¢C ¢ 6001 . 00519 cLl 0C LDN+ ] GENERATE CLUCK PULSE
11D O B80€1 uoslI 8 ump RAM2
Li6€ 0 8000 0052u oC LDM+0
11BF 0 80¢1 00521 - 0C wMp AAM2
11€0 0 sO?7 00522 0C 1527
11Cl O 1lscC 00323 114 cLl
11C2 0 €003 00524 DC LDM+3 CLOCK ONE TO FIRST OUTPUY
11C3 0 80€1 00525 oC wHp RAM2 OF PHOTOCELL S/R
11C4 0 8000 00526 oc LOM+0
11C5 0 B8OEL 00527 oC wnp RAM2
11C6 0 80C0 00528 114 a8L+0
00529 *SUBROUTINE STEP 08 JUNE 1973
00%30 *REGISTERS OX 8X,EX USED
1137 0 8020 00531 STEP OC Fine0 SET UP ADDRESS FOR STEP (13
11C8 0 00FC 00532 oC /FC SEQUENCE
11C9 0 802F 00533 oC SRCe/E SELECT MOTOR QUTPUT PORT
11Ca 0 8038 00534 STEPS DC FINeB
11C8 0 BOEC 00535 1] ROO (C) CHECK DIRECTION
11CC 0 801C 00536 oc JOCN+AN LOAD APPROPRIATE PATTERM
110 0 1101 00537 0c STEPS FOR OIRECTION
LI1CE O 8048 00538 0C LD+8
LI1CF 0 8040 00539 DC JUN
1100 0 1102 00540 DC STEP2
1101 0 8049 00541 STEPS DC LD+9
1162 0 8VEL 00542 STEP2 OC WMp RAM3 WRITE PATTEAN TO MCTOR
1103 0 3028 00543 bC Finep WAIT FOR MOTOR TO RESPOND
1106 0 0008 00344 oC /7008
1iD5 0 8078 00545 STEP3 DC {S2+8
1106 ¢ 1105 00540 oC STEP?
00547 »INSERT TEST FOK SHUTDOWN HERE
1107 0 8079 00548 (1] 152+9
1108 ¢ 110% 00549 oc STEr3
1109 0 607 00550 oC [S2e} LOOP TO STEP 4 TIMES
L10A 0 11Ca 00551 oC STEPS
110 ¢ 8920 00552 oC Fins0
1iDC 0 0030 00553 0C /30 RAM O
1100 0 8021 00554 DC SRC+0
11DE O 3JEA 00555 DC RDR ROM) READ EVERY STEP PHOTOCELL
LILUF U 90OFS 00556 [»]9 RAL
1160 0O 8OEC 00557 DC kDO {3) CHECK FUR HALF STEP QA
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L1EL
L1€2
L1E}
L1E¢
11€%
11€6
L1€7
L1ED
LLEY
L1EA

11€8
11FC
11FD
11FE
L1FF

1200

1200
1201
1202
1203
1204
1205
1206
L1207
1208
1209
1204
1209
120C
1200
1208
120F
1210
1211
1212
1213
1214
121%
1218
1217
1218
1219
1214
1210
121C
1210
121€

121F

1220
1221
1222
1223
1226
1225
1226
1227
1220
1229
1224
L228

Y- RN N Y Y- Y- XX - N-E-L-K-K-X-E-R AN -N-NaN-N-N-N-X-¥-N-¥-] [-R-X-¥-] [-N-N-N-N-N-N-N-N-N-}

o

COOC00O0O0O00O0O

60F4
BOE4
8014
118
s0la
e
socC
8014
11€7
80C0

00C)
0066
003C
0099

8000
8000
8000
8000
8000
8000
8000
8000
8000
8024
voss
8023
804A7
80€0
80€C
80Fs
8012
1214
8050
125¢
8024
0086
8028
80€E9
808C
80€0
ao7e
1210
80F0
80€6
80C1

80C2

8000
8000
8000
8000
8000
8000
8050
125¢€
8024
o077
8050
1260

51

00558
00559
00560
00561
00562
00563
00564
00565
00566
00567
00568
00569
Qo570

. 00571

00512
00573
00574
00575
00576
00577
00578
00579
005680
005081
00582
00583
005484
00585
00586
00587
00588
00569
00590
00591
00592
[(Te L1 3]
005%%
0059>
00590
00597
00598
00599
00600
00601
00602
00603
00604
00605
00606
00607
00603
00609
00610
[ 1 39
g0612
00613
00%14
00615
[+1:1.97
00617
(71138 ]
00619
00620
00621
00622
00623
00624
0062%
00626
00627
00628
00629
00630
Vo3l
00632
VI63s
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52

oC CMA FULL STeP

[+[ wRO (3)

oc JONeAZ

0C STEPS

oC JONeCZ

114 STEP HALF STEP
ERR4 OC 8eL+/C IF MOTOR OID NOY STEP FLAG
STEP4 DC JCN+CL ERROR

{19 ERR4

oC 8BL+0
eee TABLE PRCESCGNVBOGRINENBOOGY

ORG /11FC

oC /C3

oc /66 817 PATTERNS FOR POTOR STEPS

oC /73C :

0C 199 )
*SUBRUUTINE 08 JUNE 1973

ORG /1200

CeNNE PRI EENENEE IR EIRRNODIRGEENNEEEsER0NE0ORNARGOOOS
® RUM B2 9080000000000 0800010000000000000000R0000000000E00008
PN e NN NN0EINNIEERENEDN0ItINNIEeN0INNEEIessRRRERRSS
ses SUBROUTINES TO PERFURM KYBD FNCTNS esscscsascssssssesces
sSUBROUTINE NUMERICAL KEYS 08 JUNE 1973
*REGISTERS 7,AX,C USED

SAOUTINE MUST BE PRLPERLY LOCATED

o INITIAL ADDRESS GF FORM X0

LERO DOC NOP 0
ONE 0c NQP 1
TwO [+19 NOP 2
THREE OC NOP 3
FOUR DC NOP 4
Filve ©DC NOP 5
Six oC NOP [
SEVEN OC NOP 7
EIGHT OC NOP []
NINE DC FIMe/a 9 MEMORY LOCATION FOR NEW OIGIT
oC /8%
.14 SRCe/A
[+]4 LOD*7? o
0C [ L.1] MRITE OIGIY VALUE
0C R0OO 8l
DC RAR CHECK TO SEE IF NUMBER ENTERED
DC JON+CN PREVIOUSLY
oC lle
0cC NS
oC cLose
L1e oc FiNe/A ADVAN ROUTINE
oC /86 MOVES DOIGITS THAOUGH DISPLAY
A0 0c SRC+/A
oC ROM
[+] 9 ACHe/C
oc RN
oC 1SZ+/8
oc ADL
oc cLe SET SUMLOCK TO LERD
oc WA2 ({ 1)
DcC 88L 1
«SUBROVUTINE 08 JUNE 1973
eee HETURN FOR ADUITION 0800500002083 0000008
PLS 0C B8L+2
eSUBROUTINE DISPLAY REGISTER 08 JUNE 1973

eREGISTERS ToAXCXeEX USED
oROUTINE MUST BE PROPERLY LOCATED
oINITIAL ADORESS MUST BE OF FORR X0

ocC NOP
BCNT  OC NOP _ BATCH COUNT
BsuM  DC NOP BATCH SUM
COUNT OC. NOP PIECE COUNT
DESC OC NOP DESCENDING REGISTER
ASC  DC NOP ASCENDING REGISTER
CvTaL 0C Jns CONTAOL SUM
12z oc cLOSP CLEAR DISPLAY
oC FINe/A CLARRR
oC 77 CLEAR ADO REGISTER
oC InS
oC CLEER
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122¢
1220
122¢
122¢
1230
1231

1232
1233
1234
1233
1236
1237
1238
1239
1234
1238
123C

1230
123E
L23F
1240
1241
1262
1263
L2644
1245
1246
1247
L2648
1249
124A
1248
1246C
124C
124€
12«F
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1254
1258
125C
1250
125E
125F
1260
1261
1262
1263
1264
L265%

1266
1267
1268
1269
1264
1268
126C
1260
126€
L126F
1270
1271
1272

00000000 EOO OOOOOO0

CO00C000000000O00000000CCLOCUOO0DOOOOOCO0O000O

-N-N-N-N-N-¥-N-N-K.-¥.¥.¥-]

80A7
8050
100k
3020
80AE
80E0Q

802C
0087
8028
80€9
8020
80E0
L1321
806D
807F
123
80CO

8050
125€
80ES
80EC
80F5
8014
1248
8024
0077
80%0
1260
802A
0077
802€
0007
3050
1232
8024
0088
8050
1260
80EC
8014
1250
802A
001aA
8050
1260
8024
0024
805%0
1260
8oCe
802A
0087
8000
8028
80E0
8078
1261
80C0

8024
0080
8028
80EC
80F]
BOF Y%
80F1
80F5
801e
1296
800F
80€ES
80C1

53

00634
00635
00s3es
Q0637
00638
00639
00640
({1113
00642
000643
00644
00645
00646
00647
00648
00649
00650
00651

- 00652

00653
00654
00655
00656
00857
Q0658
00659
00660
00é&e1
00662
00663
00864
00665
008666
oves?
00668
000669

. 00670

00871
00672
00673
00674
00675
00676
00677
00678
00679
00680
[ 71 3
00682
G0683
00084
00685
006086
00007
[+ 12 1]
00689
00690
00691
00692
00693
00694
00695
00696
00697
00698
00699
00700
00701
ouro2
00703
00704
00705
00706
00707
00708
00709

- DC

0C

DC

0C

DC

oC

sLOAD uP
TRANS DC
DC

TRANZ DC
oC

- 0C

0C

. 0C

. be

DC

oC

oc

4,306,299

LD+7
JMS
FETLH
SRC+/C
LD+/E
WRM
OISPLAY AREA
FINMe/C
/87
SRCe/a
ROM
SRC+/C
WRAM
INCe+/B
INCe/0
1S2+/F
TAANZ
88L+»0

eSUBROUTINE CLEAR
eREGISTERS AX,EX USED -

CLEAR OC
0C
cC
oC
oc
oC
ocC

12Ccy OC
cC
119
DC

223 OC
0ocC
oc
1 ]d
0C
14
cC
oc
0ocC

oc:

oc
0C
oc
oc
0C
DC
o
bC
oC
oC
DC
rzc2. OC
cLoseP DC
oC
CLEER OC
Y oC
oc
oc
DC
oC

JNS
CLOSP
WR2
RDO
RAL
JCNeC2
123
FiMesa
711
JNS
CLEER
FIMe/a
/1
FilMe/E
/07
JNS
TRAMS
FiMesa
/8¢
JMS
CLEER
RDO
JCN+AZ
r2C2
Fime/a
/1A
INS
CLEER
FlMe/A
72A
NS
CLEER
BblLe8
FIne/A
87
LON+D
SRCe/A
WRM
[Si+*/b
¥
88L+0

*SUBROUTINE SUNLOCK
*REGISTERS AX USED

UNLCK OC
e

0oC
0C
oC
0C
DC
D¢
0C
ocC
0C
0cC
oC

Fime/a
/80
SRC+/A
R0OO
cLC
RAL

[ 9
RAL
JON*AZ
124 )1
LOMe /F
w2
BuL e+l

54

INITIALEZE REGISTERS
SELECT wORD FOR LOLNP

INITIALIZE DISPLAY AODDRESS

SELECT RAM MEMORY
READ

DISPLAY

WRITE

08 JUNE 1973

18) SET SUNLOCK TO Z2ERO
{8) CHECK FCR PREVIOUS CLEAR
CLEAR IS BiT 8

CLRAR
CLEAR ADD REGISTER

RECALL CONTENTS OUF ADDITION REGISTER

CLLmp
CLEAR LAMP AREA

(8) READ BATCH [INDICATOR

CLEAR BATCH

CLEAR BATCH

CLEAR DISPLAY

08 JUNE 1973

SUNLOCK

(B) CHECK TD SEE 1€ NUMBER ENTERED

BIT &
IF NOTOEXIT WiTet ZERG IN ACCUMULATOR

OTHERWISE, SET SUNLOCK
fe) EXIT #Un 1 (N ACCUMULATOR
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1273
1274
12715
1276
1217
1278
1279
1274

1278
L271¢C
1270
127¢
127F
L1260
1281
1282
1283
1244
1285
1285
1287
1288
1289
L128A
1288
126C
1280
128¢
128¢
1290
1291
1292
1293
1294
1299%
1296

1297
1298
1299
129A
1298
129C
1290
L29€
129¢
1240
12al
12A2
12A3
12 A%
L2AS
1248
12A7
12A8
1249
LZAA
1248
12AC
12A0
L2 AE
L2AF
L2680
128l
1262
1283
1284
1285
1286
1287
1228
1269

[-X-N-R-N-N.Ry

OOOOOOOQOCOOOOOOGQOOOOOCOOOO

OOOOOOOOCQQOOOOOOOGOCOOOOOOOOOOOOOO

6040
1450
8000
8000
8040
1400
8000
80CO

8024
0087
802C
0077
8028
80F1
80EC
80+6
801A
1296
80F1
aoze
80&9
8020
80ES
80Fo
80EQ
8028
80&0
8068
807D
1286
80la
121F
8O0E
6050
1133
80CO

8005
8050
108E

. 8050

1129
8002
8050
108€
8050
1129
8003
8050
108E
80FaA
8050
112E
8001
8050
108E

30FA

8050
112¢
8004
8050

108E

BOFA
80F9
8029
80ES
80F1
8050
1122
8079
1281
BOF9

55

V0710
00711
00712
Qo713
0071
00715
00Tl
00717
00714
00719
00120
Qo721
00722
00723
00724
00725
00726
00727
00728
00729
00730
00731
0n732
00733
00734
00735
00738
00737
00738
00739
00740
VOTel
00742
00743
COT4s
00745
VoOT46
QOTs?
00748
00749
00750
00751
00752
00753
00754
00755
00756
00757
00758
00759
00760
00761
00762
00763
007064
00765
00766
00767
00768
00769
00770
00771
00772
00773
0077«
QoT?7s
00176
0071?17
oors
go779
00780
00781
00782
0078 s
G078
00785

SSUBROUTINE NUT YET IMPLEMENTED

Tr2 v ]
oC
KEYl 0OC
TT1 ocC
oC
DC
KEY2 0OC
KEY3 DC

*SURROUTINE ADOITION AND RECALL
SREGISTERS AX,CX USED

PLUS DC
]9
oC
oC
oC
oC
oC
DC
oC
0C
oC

2200 0OC
oc
oc
114
cc
oC
oC
DC
oC
ocC
DC
oc
0oc
oC
0C
oC

ey oc

*SUBROUTINE UPDATE METER REGISTERS
. ®REGISTERS B8X,F USED

POST OC
0C
DC
oC
0oC
110
DC
oC
0C
oC
DoC
oC
bC
BC
oC
0C
ocC
[+
0C
ot
ocC
oC

oc

oC
114
oC
RTNUO ©OC
oC
ocC
0cC
ocC

oc

DC
oC
RINOL DC

4,306,299

JUN
suse
NOP
NOP
JUN
ADP
NOP
88L+0

FIMe/A
/87
FIme/C
/17
SRCe/A
cLe
RDO
RAR
JCN+CZ
1181
cLe
SRC+/A
ROM
SRC+/C
ADM
DAA
WM
SRCe/4
WRN
INC+/b
IS2+/0
1200
JCNeCT
PLS
LOMe /E
L
ERROUR
8BL+0

LDMeS
JMS
FETCH
JMS
AGDD
LOMe2
JMS
FETCH
JHS
ADDOD
LDMe3
JMS
FETCH
S$TC
JMS
ADOX
LDNel
JMS
FETCH
STC
JUS
ADDX
LOMes
JMS
FETCH
STC
€S
SRCe+8
Sém
CLC
FL 1
ACOLX
[S1+9

 RTNOO

TCS

56
08 JUNE 1973

08 JUNE 1972

DISPLAY ADDRESS
ADD REGISTER ADDRESS

(8) OOK AT STATUS CHARACTER
GO TO RECALL IF BIT 1 IS O

ADD DISPLAY AND REGISTER
AND WRITE BACK IN BOTH

CHECK FOR OVERFLOw
OVERFLOw EXIT wiTh 2

08 JUNE 1973
UPDTR ASCENDING

BATCH Sum

PIECE COUNTER

BATCH COUNTER

DESCENODING REGISTER
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57 58
126 0. BO50 00786 oC JMS
1288 0 1123 00787 DC ADD2
126C 0 B80O7TF 00788 oC ISZ+/F
1280 0 1289 00789 oC RTNOL
128€ 0 8050 00790 DC JMS
128F O 1100 00791 oC ENBLE
12€0 0 80CO 00792 oC B88L+0
00793 eSUBROUTINE TO HANOLE KYBD INPUTS 08 JUNE 1973
00794 *REGISTERS 6X USED
12€1 0 801A 00795 FCTN DC JCN+CE
12€2 0 12C4 00796 oC FCTNL
12€3 0 8037 00797 oC JIN+S
12C4 0 BOCO 00798 FCTNL OC 88L+O ‘
00799 eSUBROUTINE SET " 08 JUNE 1973
00800 SREGISTERS AX,CX,EX USED
12CS 0 8024 . '.00801 SEY  DC FIM+/A SET METER
12€6 0 0089 00802 414 /89 INITIAL ADODRESS iN DISPLAY TO
12C7 0 BOOE 00803 oC LDMe/E CHECK FOR SUNLOCK ETC.
12C8 0 808C 00804 DC XCHe/C INITIALIZE REGISTERS FOR *CHECK!®
12¢9 0 8050 00805 oc NS PUTS CARRY BIT ON IF AMOUNT IS
12CA 0 1138 00806 ne CHECK GREATER THAN OR EQUAL TO $1.00
1208 0 8OFS 00807 oc RAL
12€C 0 808D 00808 - 0C XCH# /D STORE CARRY $10 - $99
12¢0 0 B8OEC 00309 - - pC ROO (B) CHECK TO SEE IF NUMBER FROM KYBD
12CE O B80F1 00810 oC cLe DR FROM PLUS LOOK AT BITS 1 AND 2
12CF 0 B0FS 00811 oc - RAL
1200 0 B80OF1 00812 oc cLe
1201 0 B80FS 00813 oC RAL
1202 0 8Ols 00314 o¢ JCNeAZ
1203 0 120F 00815 (114 1§13
1204 0 soOLB 00816 oc LDMs+/B INITIALIZE REGISTER
1205 0 808BC 00817 . 0C ACH+/C
1206 0 8050 00818 oC JMS TURNS CARRY B]17T ON IF MORE THAN
1207 0 1138 00619 ot CHECK $100.00
1208 0 80AD 00820 oc LD+ /0 RECOVER PREVIOUS CARRY
i209 0 801A 00621 oc JCNeCZ CHECK FOR MORE THAN $100
120A 0 12€9 . 00822 ocC 2261
1208 0 B8OULE o823 oC LOMe/E ERROR MESSAGE IF GREATER FMAN DR
120C 0 80%0 -00824 v Jns EQUAL TD 100,00 LT
1200 0 113) 00825 oC ERROR T -
1208 0 80CO 00826 oc BuL+0 :
120F 0 8050 00827 I2€3 DC JMS CLEAR DISPLAY ¥
12€0 O 125€ 00828 DC cLOSP
12E1 0 8024 - 00829 oc FIMe/A METER SETTING REGISTER ADDRESS
122 0 003C 00830 0C 73¢C
12€3 0 BO2E Q0831 oc FIM+/E INITIALIZING COUNTER
1264 0 000C 00832 oc’ 70C
12ES 0 8050 00833 oc JNS TRANSFER METER SETTING REGISTER TO
12E6 0 1232 00834 oc TRANS' OISPLAY
12E7 0 8040 00835 oc JUN
1268 0 12F0 00836 oc 12€5
1269 0 8014 00837 ZZ€EY DC JCNAZ CHECK FOR MORE THAN $10
12EA O 12€E 00838 . oc 12E4
1268 0 BOEE 00439 oc RD2 {B) SUNLOCK N
L2EC 0 80le 00840 oc JCN+AZ -
1260 0 12F7 00841 oc 1162
12EE 0 8040 00842 1ZE4¢ OC JUN
L2EF 0 137E 00843 oc SETX
12F0 0 80%0 00844 2265 OC Jus
12F1 0 1100 00845 oc ENBLE .
12F2 0 802a 00840 oC FIMe/A CLEAR ADD RESISTER u
12F3 0 0077 00847 oc 177
12F4 O 8050 00843 oc JMS
12F5 0 1260 00849 oC CLEER
12F6 0 80CO 00850 oC BBL+0
12F7 0 8004 00851 11e2 0OC LOMes SET UP ERROR LIGHT
12F8 0 B802a 00852 v FlMe/A BUNLOCK WARNING LAMP
12¢9 0 008C 00853 DC /0C
1264 0 8028 00854 oc SRCe+ /A
L2F8 0 BOE0 00855 DC WRM
126C 0 80Cl 00856 oC Lol
00857 . *SUBROUTINE 08 JUNE 1973
12FD 0085¢ . ORG /71300 _
' 00859 «SUBKOUTINE SET TO PROPER BANK 08 JUNE 1973
00860 SKEGISTERS OXs6X,aX,D4EX USED
1300 0 ©ODF 00361 $tPs  OC LOMe /F CHECK REGISTER D 1O SEE
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1301

1302
1303
1304
1308
1306
1307
1308
1309
L30A
1308
130C
1300
130E
130F
1310
1311
1312
1313
1314
1315
1318
1317
1318
1319
1314
131b
131C

1310
1s1¢€

L31F

1320
1321
1322
1323

1324
1325
1326
1327

1328

1329
1324
1328
132C
1320
132€
132F
1330
1331
1332
1333
1334
1333
133
1337
1338
1339
133a
1338
133C
1330
133€
133F
1340
1361

1342
13423
1344
134%
1366
1347

1348
1349
1344
1368
134C

COOOOOOOOOOOOOOGOOOOOGOOOOOQOOOOOOO°°°°OOOOOOOOOOO°OOOOOOGOOOOOOOOOOOOOOOOOO

80F1
8090
8014
1318
80F8
8014
1329
80F8
8014
1339
8050
131y
8050
1377
8050
1344
80€A
B0F6
8014
1349
BOF6
8014
1343
8001
BOES
80C0
8050
1376
8050
1374
8050
1364
80EA
BOF6
8012
1349
duFe&
8012
1349
80C0
8050
137
8050
1317
8050
134A
80EA
80Fb
801A
1349
80Fs
8012
1349
aool
80E?
80C0
8050
1377
8050
1374
8050
134A
80EA
80F 6
8012
1349
80F6
8014
1349
8001
80E®
80C0
80CH
8000
8077
1348

59

V0862
003863
00864
00865
000866
00867
00868
00869
00870
00871
00872
00873
00874
00875
00876
00877
00878
00879
00880
ooceel
co8se2
00883
00884
00885
00886
00887
00888
000889
00890
00891

00892
00893
00894
00695
00896
00897
00493
0089y
00900

00901

00902
20903
0090+
00905
Q0906
00907
00908
009%0%
00910
00911
00912
00913
00914
00915
00916
00917
00918
00919
00920
00921
00922
00923
00924
00925
00926
00927
00928
00929
00930
00931

00932
00933
00934
00935
00936
60937

CNTR1

CNTR2

CNTRI

ERRS
nAlT
wAlTl

0C
DL
1]

4,306,299

cLe
SuUs+/0
JCNeAZ
CNTAR1
0aC
JCN+ALZ
CNTR2
DAC
JCNe®AZ
CNTRY
JMNS

(48 1
JuS
CLKs
JMS
WALT
ADR
RAR
JCN+CZ
ERRS
RAR
JCN+CZ
ERRS
LOM+)
wR1l
auL+0
JHuS
CLK4
JMNS
CLKéG
JMS
WALT
RODR
RAR
JCNeCN
ERRS
RAR
JCNOCN
EARY
88L+0
Jus
CLK&
JMS
CLKS
JNS
WALTY
ROR
RAR
JCN+C2
ERRS
RAR
JCN+CN
ERRS
LDMe )
MR3
BBL+0
Jns
cLKG
JNS
CLK4
JnS
WALT
ROR
RAR
JCNOCN
ERRS
RAR
JCNeCZ
ERRS
LDOM+}
WR2
86L+0
#B8Le/B
LOM+&
1$1+7
WALTL

60

WwHICH BANK [S SET

SET 1O BANKR 4
ENERGIZE BOTH SOLENOIDS

WAIT FOR SOLENOIOS TO .
RESPOND

ROM3 CHECK FOR CORRECT POSITION
OF SOLENOIDS

FLAG BANK & IN STATUS
(3) .CHMARACTER

SET TO BANK ')

wAIT FOR SOLENCGIDS TO

RESPOND

ROM3I CHECK FOR CORRECT POSITION
OF SOLENOIDS

SET TO BANK 2

WAIT FOR SOLENOIDS TO

RESPOND

ROM3 CMECK FOR CORRECY POSITION
OF SOLENOIDS

FLAG BANK 2 IN STATUS
1{3) CHARACTER

SET 1O BANK 3

MA1T FOR SOLENOIDS YO

RESPOND

ROM3 CMECKX FOR CORRECT POSITION
OF SOLENOIDS

FLAG BANK 3 [N STATUS
(3) CHARACTER

FLAG SOLENCID EHROR

S0 MSEC wAlT FOR SOLENQILDS
TU HESPUND
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1340
134¢€
L34&F
13%0
1381
13%2
1353
135
135S
1356
1357
1358
1359
135A
1358
13sC
1350
135€
135F
1360
1361
1362
1363
13064
1365
1366
1367
1368
1369
136A
1368
136l
1380
136E
136F
1370
1371
1312
1373
1374
1373
1376
13
1378

1379,

137a
1378
137C
1370
137€
137F
1380
138l
1362
1383
1386
1385
1386
1387
13e8

1389
L38A
1388
138C
1380
138E
L36F
1390
1391
1392
1393
1396
1395
1396

0000000000000 00DO0OCOOOCO000000000000C00O00C0000C0C000000C0000O00

CO00000COVOODOO0O0O0

8071
1348
80F2
301C
1348
80C0
8001
8027
80€&1
8000
80E1
8077
1358
8077
135a
8021
90D
80L&
1363.
8OEA
80F&
80C0
duck
8014
136A
80EA
80F6
80F &
80C0
8UEF
8014
1371
B0EA
80F3
B80F%
80CO

BOEA: - -

80FS
80CO,
8004

‘8040
1378

30D¢
8027t

-B80€1L ...

8000
80EL
8021
80Co
802A
0087
802¢
003C
8028
80E9
802F
80E0
8068 .
807TF
1382

802¢
oaca
8026
0080
8020
0030
8024
003F
802C
003C
8060
80F4
8080
8020

61

00934
009239
00940
00941

, 00962
00943

00944
00945
00946
00947
00948
00949
C0950
00951
00952
00953
00954
00955
00954
00957
00953
00959
00960
00961
00962
00963
00964
00965
00966
00967
00968
00969

. 00910

. 01000
01001

00971
00972
009174

0974 - -

00975
00976
00977
00978

0037y

00940
00981

00982

00983
00984
00985
00986
00987
009838
00989
00990
00991
00992
00993
00994
00995
00996
00997
00998
00999

01002
01003
01004
01008
01008
01007
01000
01009

-olalo

olo011l

01012
01013,

LEROB

wFPC2

wFPC3

i1

22

13

U eLke

_cLxe
cLk2

SETX

SETL

oc
ot
oC
oc
ocC
oC
oc
oc

0C
0C

0C

- 4,306,299

1S2+1
wAlT]
1AC
JCN+AN
WALT)
86L+0
LDOM+]
SRC+6
wep
LDMeO
weap
152+7
wWFPC2
1527
WEPC)
SRC+0
R01
JOCNe AL
11

ROR
RAR
88L+0
RO2
JCN+AZ
12

ADR
RAR
RAR
88L+0
RL3
JONeAZ
13

RDR
RAL
RAL
oBL +0
d0R
RAL
BBL+0
LDM+&
JUN
CLK2
LOMe*S
SRC+8
wNp
LOn+0
ump
SARC+0
B8L+0
FlMe /A
/87
FINne/E
/73C
SRC+/7A
RON
SRCe/E
wAM
INCe/8
I1S2+/F
SET1

*SUBROUTINE MAIN
SREGISTERS OX,0X,AX,CXoEX USED

HAIN

MAINB

o
o
0C
0c
0C
oc
oC
oc
oc
oC
DC
0C
0C
oC

Fime/E
/€0
FilMed
/80
FINeO
/30
FIMe/a
/3F
FimMe/C
73K
e /0
CMA
XCHe /L
SRC+/C

62

CLOCK ONE TO SECOND OUTPUT
OF PHOTOCELL S5/R

RANZ

AAN2

WAIT FOR PHOTOCELL TO
RESPOND

CHECK FOR BANK & FLAG
(3)

ROM3 LOUAD BANK & PHOTOCELL TO
CARRY
(3) CHECK FOR BANK 3 FLAG

ROM3 LOAU BANK 3 PHOTOLELL TO
CARRY

(3}

CHECK FUR BANK 2 FLAG

ROM3 LOAD BANK 2 PHOTOCELL TO
CARNY

AOM3I LOAD 8ANK ) PHOTCOCELL TO
CARAY

CLOCK ZEWO TO SULENOID S/R

CLOCK ONE TO SOLENOID S/R
RAN2

RAN2

D1SPLAY ADDRESS
METER SETTING AREA

AEAD DISPLAY

PUT [N NSA
INCREMENT AOORI:SSES AND CCGUNTER

08 JUNE 1973

SELECT QUTPUT PORT FOR MUTOR
SELECT UUTPUT PORT FOR

SHIFT REGISTERS

SELECT INPUT PORT FOR
PHOTOCELLS

SELECT ADDRESS FOR QLD

AND NEW NUMBER

CUMPARE NEW NUMBLR WITH
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63 64
1397 0 80&9 vlo0le oc ROM oLo
1398 0 8028 01015 oC SAC+/A
1399 0 WOF1 olote ocC cLe
1394 0 80ES 01017 oC SBM
1398 0 801A 01018 4 JCNeC2 LOAD NUMBER OF STEPS TO
139C 0 13A% 01019 ocC MalIND REGISTER F AND
1390 0 801& 01020 o JCN*AZ  FLAG DIRECTION IN
139€E 0 13EC 01021 oc MAING STATUS CHARACTER
139F 0 B8OF& 0l022 DC cHa
1340 0 60F2 01023 oC 1AC
13a1 0 e08Ff 01024 oc XCHe/F
1342 0 8000 01025 oC LOM+O
1342 0 4040 01026 oC Jun
1346 & 13aA7 01027 [+[ MAINSG
1345 0 80BF 0102¢  MAIN3 DC XCHe/F
1346 0 80OF 01029 oC LOMe /F
1347 0 B802F 01030  MAIN& DC SHC+/E
1348 0 80E4 01031 oC wRO )
1349 0 8028 01032 oC SRC+/A  WRITE NEW NUMBER IN OLD
13AA 0 80E9 01033 ‘ oC RDM LOCATIONMN
13A8 0 8020 01034 oC SRC+/C
13AC 0 B80E0 01035 oC WRM
13A0 O 80BD 01036 DC XCHe/D
13A€ 0 B8OF¢ 0103 oc CMaA
13aF 0 80BO 01038 oc XCHe/D
1380 0 80%0 01039 oc NS SET 10 PROPER BANK
1381 0 1300 01060 DC sTPB
1362 0 808D 01041 DC XCHe /D
1363 O B0F4 01042 oc CMA
1366 O 808D 01043 oc XCHe/D
1365 0 6014 01044 oc JCN+AZ 1F NO ERROR FLAGGED CONI
1386 O 1388 01045 oC MAIN2 WiTH PROGRAM
1387 0 8040 01046  ERRS OC Jun [F ERROR FLAGGED JUMP TO
1368 0 1133 01047 oc EHAOR DISPLAY 1T
1369 0 8000 01048 oc NOP
1384 O 8000 01049 oC NOP
1388 0 8050 01053  MAIN2 OC JNS STEP MOTOR TO NEW NUMBER
138C 0 11C7 01051 oC STEP
1380 0 801C 01052 oc JCN®AN  IF ERROR FLAGGED JUwp TP
1386 0 1387 01053 bC ERRS DISPLAY (T
138F O 802F 01054 oC SRC+/E  CMECK DIMECTION AND REEP
13C0 0 B8OEC 01055 . oC RDO (C)  TRACK ANO CMECK FIRSY
13C1 0 8014 01056 oc JCNeAZ  POSITION PHOTOCELL
13C2 0 1305 01057 oc POSSH ACCORDINGLY
13C3 0 BOED 01058 0C RO1 (C) ROTATE LEFT THROUGH CARRY
13Ce O 80OF1 01059 oC cLe
13¢5 0 201C 01060 ocC JCN+AN
13C6 0 138 01061 oC POSSS
13C7 0 B8OFA 01062 0C STC .
13C8 O B8OFS 01063  POSSS DC RAL %
13¢9 0 801C 0106e oc JCN#AN
i3CA O 130D 01065 oc POSS3
13C8 0 8021 01066  POSS) OC SRC+0
13CC 0 80€a 01067 > ROR ROM3
13CD O BOFS 01068 0C -AAL
13CE O BOFS 01069 o RAL =
13CF 0 80ODE 01070 0C LOM+/E =
1300 0 801A 01071 oC JCNeCL IF ERROR FLAGGED JUmP TO
1301 0 1387 01072 oc ERR & DISPLAY IT
1302 0 80FO 01073 oc cLe
1303 0 8040 01074 oC Jun
1306 0 1300 oL07s 0cC POSS)
1305 O BOED 01076  POSS6 OC RO1 (C) READ STH PHOTOCELL
1306 O B8OF1 01077 oC cLe ROTATE RIGHT THAOUGH CARRY
1307 0 #01C ol078 pC JCNeAN
1308 0 1304 01079 oc POSS8
1309 0 BOFA 01080 oC STC
1304 0 B8OF6 01081  P0SS8 DC RAR
1308 0 8014 01082 oo JCNeAL
130C 0 13CH 01083 0C POSS51
1300 0 802F 01084  PUS53 OC SRC+/E
130€ O 80ES 01085 oC Wl («)
13CF 0 sOTF 01086 oC 1S2¢/F  COUNT TO NEW NUMBER
1360 0 138 01087 oC MAIN2
13E1 ¢ 020 uloAs oo SxC+/C IF NEW NUMBER 1S ZERD
13E2 0 B0E9 01GK9 oC ROM CHECK THAT BANK 1S
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65 66
13¢3 0 801C 01090 0¢ JONCAN AT 2ERD .
1364 0 13€C 01091 oC MA ING T ’
1365 0 8050 01092 DC JmS -
1366 0 1353 01093 oc LERCB &
1367 0 800D 0109« oc LOMe/D
13€8 0 601A 01095 ot JONEZ IF ERROR FLAGGED JumP TO
1389 0 1347 01096 oc ERRG OISPLAY IT
13EA 0O 8050 01097 oc JMS CLEAR PHOTOCELL S/R
1368 O 1189 01098 oc CLR
13EC 0 8000 01099 MAING OC LOM+0 CLEAR FLAGS FROM STATUS
13ED 0 8021 01100 oc SAC+0 CHARACTERS
13EE O BOES 01101 oc wR1 3
13EF 0 B80ES 01102 oc wWR2 3)
13F0 O WOE7 01103 pC WR3 13}
13F1 0 8088 01104 . oC XCHe/B
13F2 0 B80F8 01105 ' 0AC DECREMENT MEMORY ADDRESS
13F3 0 80B®B 01106 - RN ACH+ /B
13F4 0 8080 oLl07 'oC XCH+ /0
13F5 0 80F4 oL108 oC cMA
13F6 0 808D 01109 oc XCH /D
13F7 0 807D olLllo oc 1S2+/D COUNT FOR & BANKS
13F8 0 1393 oLl oc MAINS
13F9 0 8050 ul12 i - 0e Jns ALWAYS LEAVE METER AT
13FA 0 131 01113 oc CNTRL BANKL .
138 0 80OIC Ollle oc JCN+AN 1€ ERROR FLAGGED, JuMP TO
13FC 0 1387 ol115 oc ERRG DISPLAY 17
13FD 0 B8040 01116 DC JUN
13FE 0 12F0 01117 h1d I1E5
01118 *SUBKOUTINE 08 JUNE 1973
13FF o119 ORG /1600
01120 *SUBROUT INE ADP 30 JAN 74
01121 SROUTINE TO AUD POSTAGE TO METER (BOTH DESCENDING REGISTER
01122 oAND CONTROL SUM)
1400 0 802C 01123 ADP  DC FiMe/C
1401 0 0087 01124 oc 787
1402 U 802D olt2s o¢ SRC+/¢C
1603 U BOEC oll2e oc «DO (8) READ STATUS CHARACTER
1404 U 8UF6 01127 DC RAR CHECK FUR XXXl
1405 0 801A 01128 S ' T ICNeCL ¥ "
1806 0 1438 oL1129 pCc CERKR LY
1407 0 BO2E 01130 DC FING/E
1408 0 0000 o1i3l oc 700
1409 0 BO0&F 01132 RTN1  OC INCe/F DETERMINE NUMBER OF CHARACTERS
140A O 2020 ‘01133 - N o SRCe/C IN DI1SPLAY
1408 0 B80E9 01134 S RDM
140C 0 BOL& oL135 oc JCN+AZ
1400 0 1410 0l13s oc END
140 O B8OAF 01137 oc LO+/F
140F O B80BE ollle oc XCH+/E AT ENDs CONTAINS NUMBER OF CHARACTER
1410 0 8070 - O1139 - END ' OC 1521+/0 IN DISPLAY.
1411 0 1409 01140 oc RTNL . : .
1412 0 80F1 0l14l oc cLe T - o
1413 0 80D& 01182 . oC LDN+b [
l4l4 0 BO09E 01143 oc SUB+/E GO TO ERROR IF TOO MANY
1415 0 BOlA Oll4e oc JCNeCL
1416 0 1438 0114S oc ERRR
1417 0 B802aA ollss oC FIMs/A DESCENDING REGISTER . . .
1418 0 0000 Ollie7 ocC 700 s
1419 0 802C Olies [H1d FIMe/C DISPLAY
1414 0 0087 01149 oc 787
1418 0 . 802E 01150 - DC FIMe/E
141C 0 00AA 0rIs1 . )14 7YY
1410 0 B8OF] ol11%2 T Be cLe
l«1€ 0 8020 O11%3 -« RIN2 'OC SRC+/C ADD TO DESCENDING REGISTER
141F 0 B0E9 01154 oC ROM
1420 0 8028 01155 oC SRCe+/A
1421 O B0ES8 01156 oc ADM
1422 0 60F8 o1157 114 DAA
1423 0 B0EC oL158 oC wAM
1426 0 BO6B 01159 oc INCe/8
1425 0 806D 01160 RN 14 INC+/0 *
1426 0 B8O7TE 01161 “ >4 1S2e/E "
1427 O l&1E 01162 oc RTN2
1428 0 8014 01163 1o JCN+CZ
1429 0 1441 olles o¢ ENDL
1424 0 402A 01165 oC Fimesa UNDU ADDITION |F OVERFLUW
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1620
162C
1420
142¢
142F
1430
1431
1432
1633
1434
1435
1436
1437
1438
1439
1434
1438
143C
1430
143E
143F
1640
14&])
16442
L4463
Leas
1465
1466
1667
1448
1449
164A
1648
166C
1440
144E
L4&F

1«50
1451
1652
1453
1454
1655
1458
1457
1458
1459
1454
1458
145C
1450
165¢€
145F
1460
1461
L4862
1463
L4064
1465
L4066
1667
1468
L4669
LebA
1468
L46C
je6C
L4oE
146F
1470
1671
1672
173

0000000000000 00OCOOCO000000CDODOO00OOC

0O000000CO000O0OO000OO0O0O000000000000CO0OC0CCO

0000
802C
0087
80FA
80F9
8020
80€E8
80F1
8028
80¢EB
80F8B
80ED
8068
8060
807F
L&2F
802C
00BF
3020
B8ODE
BOEQ
60C0
802A
0087
8o2cC
0020
30F1
8028
80E9
8220
80ED
BOF8
80€0
8060
8073
1646
40C0

802C
oos7
8020
BOEC
BOFS
8014
1436
802€
0000
BO6F
8020
80E9
014
1460
80AF
YOBE
8070
1459
80F1
8006
809E
8014
1638
302A
0000
au2c
VORT
802E
Q0 AA
80FA
80F9
8020
80ES
80F1
802v
80¢&e

67

ollese
olle?
Qllés
01169
Q1170
ol
ot
01173
01174
ol117s
01176
oL
01178
01179
oL180
otisl
ol182
olie3
Q1184
olL1185
otlee
ol187
oille8
01189
01190
01191
01192
01193
01194
oL19Y
0l19¢6
ciie7
01198
01199
01200
01201
01202
U120}
01204
01205
01206
vtzo?
01208
01209
01210
01211
o212
ol1213
Ol2ls
01215
0l21¢
01217
01218
01219
01220
01221
vl222
ol1223
01224
01225
0l226
01227
01224
01229
01230
01231
01232
01235
01234
01235
01230
01237
01238
01239
01240
01241

RTN3 OC

ERRR DC

EnNDL  DC

RTN& DO

oc

4,306,299

/00
Fime/C
/87
STC
TCS
SRCe+/C
s8m
cLc
SRC+/A
ADM
DAA
LLL]
INCe/B
INCe+/D
1S2+/¢
RTN3
FIM+/C
/8F
SRC+/C
LOMe/E
WAM
8BL+0
FIMe/A
/87
FIne/C
/720
cLe
SRC+/A
/RON
SRC+/C
ADM
DAA
WRM
INCe/D
1SZe¢/0
RTN&
Bl *0

*SUBKOUTINE SUBP
«ROUTINE 10 SUBTRACT POSTAGE FAOM METER (DESCENOLNG REGISTER

68

ERROR ROUTINE, LOADS HESSAGi INTQ .
DISPLAY

ADO CONTENTS OF O1SPLAY TO CONTROL
SuM

30 JAN T4

sAND CONTROL SUM UPERATED UPUN) ‘ .
suspP DC FimesC: !
oc /87
[+]9 SAC+/C
bC RDO (B) READ STATUS CHARACTER CHECK
DC RAR FOR XXX}
oC JCN+C2
oc ERRR
oC FiMe/E
oC /00
ATNL1 OC INC+/F DETERMINE NUMBER OF CNARACTEIS IN
1] SRC+/C DISPLAY
DC RON . .
o] JCN+AZ
[+108 ENOL1
DC LD+ /F
[+19 XCHe 7€
END11 DC [$1+/0
0C RINLY
0C cLe
0C LDMes
ocC SUB+/E
[+]4 JCNeC2 GO TU ERARDR ROUTINE IF NUMBER T0O
0C ERRR LARGE
oc FiMe /A INITIALIZE REGISTERS
ocC /00
bC Fime/C
oC /87
DC FIne/E
] /AR
[#14 STC
RTN33 OC s SUsTRACT DISPLAY FROM DESCENDING
[+]4 SRCe/C REGISTER
oC San
oc cLe
[+]9 SRCezA
oC ADM
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»
~
[ 2
ROOOOOOOOOOOOOQO
-

-
&
o
—
.
0COCC0000CDOOOCOOOOOOCOO00

[ 4

&»

»

o
CCOCOOCCOOO00O0O0OOCOOCO0COOOO00 OCOOO

80F8
80E0
8068
8060
807F

“146€ -

8012
1480
6024
0000
802C
0087
80F1
8020

. BOE9
" 9028

80EB
80F8
80k0
8068
8060
BOTE
1401
8040
1438
802A
0087
002C
0020
80FA
80F9
8028
80€E8
80FL
8020
s0Ed
8OF8
80¢&0
806D
8078

s0lo

8028
80E1L
8000
80E1
80€0

800A
8080
8028
0000
802C
0006
802€
0020
80F1
8029
80€9
8020
B80ES
80F8
80F5
8088
8048
80F6
8OF A
8UF&
802F
80E8
801cC
1408
BOAB
80F6

69
01242
Ol243
01244
01245
012406
0l247
Ol2e8
01249
01250
01251
012%2
01253
01254
ol1255
01256
01257

01258 .

01259

01260

0l2e6l

01262 -

01263
01264
01265
oL266
oL267
ol268
0l2e9
01270
01271
01272
01273
ul27e
01275
olere
oL277
oL278
01279

01280

glL201
01242
01203
01284
01285
01286
01287
01288
01289
01290
01291
01292
01293
01294
01295
01296
ol297
01298
01299
01300
01301
01302
01303
01304
01305
011306
01307
01308
01309
oi3lo
ol311
ol1312
01313
01314
C1315
0l3te
o137

oc

119

0oc

oC

]
v w DG
oc

0C

[+]4

oC

oC

bC

© o DC
RTN22 DC
o1

DC

0ocC

[+19
. 0C .
oc

DC

oC

DC

oC

oC
END12 DC
DC

0cC

0C

+]8
RTN&& OC
oC

0C

[+14

DC

ocC

cc

112

oC

oC

oc

oC

*SUBROUTINE CLOCK PULSE

SREGISTER AX
ce oc
ot
oc
oC
oC
oSUBROUT INE
CHCK  DC
16
. DC
0C
bC
oC
ocC
oc
oC
CHCx1 OC
0C
DC
DC
0oC
oc
DC
DC
DC
0C
DC
0C
bC
119
oc
[+19
DC

4,306,299

DAA
LLL]
INC+/B
“INC#/ZD
IS2+/F
RTN3D.
JCN+CN
ENDI2
FiMesA
/700
FiMe/C
/87
cLe
SRC+/C
RO™M
SRCe/A
ADM
DAA
wRM
INC+/8
INC+/D
IS2e/€
RTN22
JUN
ERRR
FlMe/N
/87
FimMe/C
/720
S$TC
TCS
SRCe/A
SBm
cLe
SRC +/C
ADM
DAA
WAM
INC+/0
I1S2+/8
RTNGS
86L*0

70

" CHECK TO SEE [F BORROW OCCURRED

IF BORKOW OCCURRED, ADD DISPLAY
CONTENTS BACK TO DESCENDING
REGISTER

«

SUBTRACT DISPLAY CONTENTS FROM
CONTROL SuUM

08 JUNE 1973

SPECIFIES PORT ADDRESS

SRC+/A
whMp
LDM+Q
WMP
BAL+0

9, 43

LDMe/A
XCH+O
Fimed
/00
Fime/C
/706
FIMe/E
720
cLC
SRC+8
RDM
SRC+/C
ADN
DAA
RAL
ACHe /B
LD+/8
RAR
STC
Cma
SACe+/E
ADM
JCNeAN
CHCK S
Lles8
RAR

RAMO WRITE SET-UP WORD
CLEAR ACCUMULATOR
RAMO END CP

INITIALIZE LOOP COUNTER
DESC ADDRESS

ASC ADDRESS
CNTRL ADDRESS

5y
a

READ DESCENDING REGISTER
ADD ASCENDING REGISTER
STORE CARRY

RESTORE WORD

COMPARE CNTRL
GU TO ERMUR MESSAGE
RESTORE CARAY
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1480
148E
L&BF
14C0
14C1
1402
14C3
14Cs
14C5
14Co
LeC?
14CH
16C9
14Ca
14C8
14CC
14CD
14Cc
L&«CF
1400
1601
1402
1403
LeDs
1405
L4086
1407
1408
L1409
L4DA
1«08
Ls0DC
1400
140€
140F

030
03Ca

Y- K- -E-N-N-N-N-N-N-N-N-N-N-Y-N-N-N-N- RN~ R =]

[

80069
8060
d06F
8070
14AC
8000
802D
80EB
80F8
BOFS
so08s
80A8
80F&
80FA
BOF&
802F
80ES
801cC
1400
8048
80F6
800F
807D
14C2
80C0
8020
008C
802A
0081
8050
1260
8029
8008
80€0
80C0

1000
03C0

71

Cl3ly
al3le
01320
oL3z21
01322
01323
01326
013295
01326
01327
olL328
01329
01330
01331
01332
01333
0133
01335
01336
01337
01338
01339
01340
01341
01342
1§ LX]
01344
01345
01346
01347
01348
01349
01350
01351
01352
01353
0L354
01355
01356

CHCK2

CHCK 9

START

oc

0C
DC
1]d
ocC
[+]9

oc
0oC
oc
0C
oC
oc
0

0C

DC
oc
DC
0oC
0C
ocC
oc
0C
0C

oc
0C
DC
0¢

DC

END -
NGP
WUl SK
END

4,306,299

INC+9
INCe/D
INCe/F
[§2+0
CHCK]
LOMeO
SRC+/C
ADM
DAA
RAL
XCHe /B
LDe/8
RAR
57C
CMa
SRC+/E
ADM
JCNEAN
CHCKY
LD+/8
RAR
INC+/F
152+/0
CHCK2
dbL+0
F1MeB
/78C
FiMe/A
/88
s
CLEER
SRC+8
LOM+8
WRM
BaLe0

STARY

45

50

55

65

72

PROPAGATE CARRY TMROUGH SuUMm
ADD CARRY

STORE CAHRY

RESTORE WORD
COMPARE CNTRL

GO TO ERROR MESSAGE

RESTORE CARKY
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What is claimed is:

1. A postage meter system, comprising: a source of
operating voltage; means for printing postage; account-
ing means energized by said source of operating voltage
and operatively coupled to said postage printing means
for accounting for postage printed by said printing
means, said accounting means including a working
memory for accounting signal data information, said
working memory receiving said operating voltage; a
non-volatile memory connected to said accounting
means; means for sensing variations of the voltage level
of said source of operating voltage; and means coupled
to said sensing means for causing said accounting signal
data information to be transferred from said working
memory to said non-volatile memory when said sensing
means senses a voltage variation in the level of said
source of operating voltage.

2. A postage meter system as defined in claim 1
wherein said sensing means includes a radiant energy
device.

3. A postage meter system as defined in claim 1
wherein said sensing means includes a radiant energy
device operably connected to normally emit radiant
energy and to cease emitting radiant energy when a
variation in the level of said source of operating voltage
occurs.

4. A postage meter system as defined in claim 3
wherein said radiant energy device is a light emitting
device.

§. A postage meter system as defined in claim 4
wherein said working memory for accounting signal
data information is a volatile memory.

6. A system comprising: a volatile working memory
for storing accounting data; a source of operating volt-
age for said working memory; means coupled to said
source of operating voltage for detecting reduction of
said operating voltage below a predetermined level and
including a radiant energy device operable to emit radi-
ant energy at a first level when said operating voltage is
above said predetermined level and operable to reduce
emitting radiant energy to below a second lower level
when said operating voltage is below said predeter-
mined level; a second memory having a storage capac-
ity independent of said source of operating voltage; and
means responsive to the emission of radiant energy for
applying data stored in said working memory to said
second memory when said radiant energy ceases.

7. A system as defined in claim 6 wherein said respon-
sive means enables application of data stored in said
second memory to said working memory when radiant
energy is detected.

8. A postage meter system, comprising: a register for
storing postage accounting information; gating means
coupled to said register for transferring data from said
register; power supply means coupled to supply operat-
ing voltage to said register; sensing means operatively
connected to said power supply means for producing a
control signal representative of a reduction of voltage
of said operating voltage; and circuit means connected
between said gating means and said signal sensing
means for applying said control signal to said gating
means, said circuit means including a radiant energy
means having a radiant energy emitting member and a
radiant energy sensitive receiving member, said radiant
energy emitting member operative to provide radiant
energy output when said voltage level is above a re-
quired operating level and operative to reduce said
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radiant energy output when said voltage level is below
said required operating level.

9. A system as defined in claim 8 wherein said radiant
energy means is a light emitting means.

10. A system as defined in claim 8 wherein said radi-
ant energy emitting member is a light emitting diode
and said radiant energy sensitive receiving member is a
phototransistor.

11. A postage meter system, comprising: 2 microcom-
puter means containing a postage meter program for
printing postage; register means connected to said mi-
crocomputer means to store data; input circuit means
coupled to said register for transferring data to said
register and output circuit means coupled to said regis-
ter for transferring data from said register; a first power
supply connected to supply operating voltage to said
register; means coupled to said first power supply for
detecting a reduction of said operating voltage pro-
vided by said first power supply below a predetermined
level; means responsive to said sensing means for inhib-
iting transfer of data from said register to said output
circuit; a second power supply; and means connected to
said detecting means for connecting said second power
supply to said register when said detecting means de-
tects a reduction of voltage of said first power supply
below said predetermined level.

12. In an electronic system including a register for
storing data, an output circuit for transferring data from
said register, and a first power supply connected to
supply operating voltage to said register; the improve-
ment comprising means inhibiting loss of data in the
event of failure of said first power supply comprising
sensing means coupled to said power supply for produc-
ing a control signal responsive to reduction of a voltage
therein, said output circuit comprising gate means for
transferring data from said register and responsive to
said control signal for inhibiting transfer of data from
said register, a second power supply, and means con-
necting said second power supply to said register in the
event of reduction of voltage of said first power supply
below a predetermined magnitude.

13. The system of claim 12, wherein said second
power supply has a terminal voltage less than that of
said first power supply, and said connecting means
comprises diode means coupled between said register
and said first and second power supplies whereby that
supply having a higher voltage at any given time pro-
vides operating current for said register.

14. The system of claim 12, wherein said first power
supply comprises a regulator, the output of said regula-
tor being connected to supply operating current to said
register, and a capacitive input to said first power sup-
ply, said sensing means being connected to sense volt-
ages at said capacitive input.

15. The system of claim 14, wherein said sensing
means comprises means for producing said control sig-
nal at voltage inputs to said regulator higher than the
operating voltage output of said regulator.

16. The system of claim 12, further comprising data
processing means coupled to receive said control signal,
said data processing means comprising means for selec-
tively directing input data to said register by way of said
input circuit in response to receipt of said control signal.

17. The system of claim 12, further comprising a data
processing system having a working storage, said data
processing system comprising means responsive to said
control signal for reading out said working storage to
said register, and means operatively’ coupled to said
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sensing means and responsive to return of the voltage of
said first power supply to a determined level for reading
data out of said register to said working storage by way
of said gate means and output circuit.

18. A system of claim 17, wherein said working stor-
age comprises volatile storage means, said first power
supply comprises storage capacitor means, and said
sensing means comprises means for sensing reduction of
voltage of said first power before voltages stored on
said capacitor means drop to an extent that operation of
said working memory is inhibited, whereby data may be
transferred from said working memory to said register
without loss upon loss of voltage of said first power
supply.

19. In an electronic accounting system having a vola-
tile working memory for storing accounting data, and a
source of operating voltage for said working memory;
the improvement comprising means coupled to said
source for detecting reduction of said operating voltage
below a predetermined level, a second memory having
a storage capacity independent of said source, means
responsive to said detecting means for applying data
stored in said working memory to said second memory,
gate means responsive to said detecting means con-
nected to inhibit transfer of data output from said sec-
ond memory, and means responsive to the detection of
voltages above said predetermined level by said detect-
ing means for enabling application of data stored in said
second memory to said working memory.

20. The electronic accounting system of claim 19,
wherein said second memory is nonvolatile.

21. In an electronic accounting system having a vola-
tile working memory for storing accounting data, and a
source of operating voltage for said working memory;
the improvement comprising means coupled to said
source for detecting reduction of said operating voltage
below a predetermined level, a second nonvolatile
memory having a storage capacity independent of said
source, a second source of operating voltage connected
to said nonvolatile memory, means responsive to said
detecting means for applying data stored in said work-
ing memory to said second memory and inhibiting
transfer of data output from said second memory, and
means responsive to the detection of voltages above
said predetermined level by said detecting means for
enabling application of data stored in said second mem-
ory to said working memory.

22. In an electronic accounting system having a vola-
tile working memory for storing accounting data, and a
source of operating voltage for said working memory;
the improvement comprising means coupled to said
source for detecting reduction of said operating voltage
below a predetermined level, a second nonvolatile
memory including shift register means, said second
memory having a storage capacity independent of said
source, a second source of operating voltage connected
to said nonvolatile memory, means responsive to said
detecting means for applying data stored in said work-
ing memory to said second memory and inhibiting
transfer of data output from said second memory, and
means responsive to the detection of voltages above
said predetermined level by said detecting means for
enabling application of data stored in said second mem-
ory to said working memory.

23. In an electronic accounting. system including a
working register, input means connected to update data
stored in said working register, said working register
being subject to undesired variation of data under a

KIOXIA Ex-1011, Page 80



4,306,299

89

determined condition; the improvement comprising a
storage register having input and output circuit, means
for sensing an onset of said determinable condition,
means responsive to an output from said sensing means
coupled to transfer data from said working register to
said storage register and to inhibit transfer of data from
said storage register to said output circuit, and means
responsive to the detection of passage of said condition
by said sensing means for disabling said inhibiting means
for returning data to said working storage.

24. The electronic accounting system of claim 23,
wherein said inhibiting means comprises gate means
coupled to be controlled by an output of said sensing
means.

25. The electronic accounting system of claim 23,
including a data processing system coupled to said
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working register, and further comprising means for
coupling the output of said sensing means to said data
processing system, said data processing system having
stored therein routines to effect the transfer of data
between said working register and storage register,
whereby any data stored in said working register may
be transferred to said storage register prior to occur-
rence of said determinable condition.

26. The electronic accounting system of claim 285,
further comprising a power supply operably connected
to said working register to provide operating voltage,
said determinable condition being the reduction of volt-
age of said power supply, said sensing means compris-
ing means for sensing an anset of loss of voltage of said

power supply.
* * * * *
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,306,299 Page 1 of 3

DATED . December 15, 1981

INVENTOR(S) : Frank T. Check, Jr., Alton B. Eckert, Jr.,
Joseph R. Warren _
It is certified that error appears in the above—identified patent and that said Letters Patent

is hereby corrected as shown below:

In the drawing, sheet 5, figure 3, change "100" to --
100A--; change "101" to --101A--; change "102" to --102A~-~;
change "103" to --103A--; change "104" to --104A--; change "108"
to --108A--; change "109" to --109A--; change "110" to -~110A~-.
Sheet 6, figure 4a, change "108" to --108A-—; change "109" to --
109A--; change "110" to --110A--. Sheet 15, figure 16, connect
the common line of the lamps of the lower left row to the =24 volt
source via a 300 ohm resistor. Sheet 19, figure 20, change "305"
to --305A-~; change "307" to --307A--; change "309" to --309A~-;
change "311" to --311A--; figure 21, in block 316, change "FIG.
38" to =-FIG. 39--. Sheet 23, figure 26, in the Subroutine Label
column change "ADD" TO --ADP--; and change "SUBD" to --SUBP--.
Sheet 25, figure 31, change the title of the figure to --ADP--.
Sheet 27, figure 34, in block 478, change "0" to --@--. Sheet
27, figure 35, in blocks 421 and 422, change "O" to -—-f~-. Sheet
28, figure 39, in block 665, change "Work" to --Word--. Sheet
31, figure 46, change the label "CLDSD" to =--CLDSP-- (two
occasions). Sheet 32, figure 48, and blocks 646 and 648 change
"solenoids" to --solenoid--; in block 631, change "solenoid" to
--solenoids--. In the specification: Column 3, line 31,
change "data" to --date--. Column 7, line 32, change "PCU" to --
CPU--. Column 8, line 66, change "120" to --100--; line 67,
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change "16)" to -=1b)--; line 68, change "120" to --100--. Column
11, line 5, change "and" (first occurrence) to --~in--. Column
13, line 7, change "100" to =-100A~; line 17, change "101" to --
101A--, change "102" to --102A--; line 19, change "103" to --
103A--; change "104" to --104A--; line 30, change "108" to --
108A--; line 31, change "109" to --109A-~; change "110" to --
110A--; line 33, change "108" to -~108A-~-; line 34, change "108"
to --108A--; lines 35, 36, 37, 39, 40 and 44, change "109" to -~
109A--; line 41, change "110" to —-110A-~ (two occasions); line
63, change "page 66" to ~-columns 35 and 36~-. Column 14, line 1,
change " (FIGS. 25 and 25a)" to --(FIG. 25)~--. Column 16, line 42,
change "13a" to =--139--. Column 17, line 66, change
"indistructable" to --indestructible--. Column 18, line 62,
change "worse" to ~-worst--. Column 23, line 23, change "via
(l1ine" to =-(via line--. Column 25, line 64, omit the second
"30". Column 26, line 3, change "200" to --(200)--; 1line 15,
change "aroutien” to --routine--; line 35, change " (" to --i.e.-
-; line 36, before "block" insert -- (-- and change ";" to --,--;
line 37, before "the" insert --,--. Column 28, line 48, change
"410" to --401--. Column 29, line 54, insert the symbol >
between the words "register"and "meter". Column 30, line 1,
change "contents" to --content--; line 66, change "SET routine
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of FIG. 28" to —-SETX routine of FIG.50--. Column 31, line 15,
change "102 and 103" to --102A and 104A--. Column 32, line 7,
change "587" to --581-~. Column 33, 1line 62, change " (1lc)" to --
(/C)=~. 1In columns 49 and 50, statement number 00536 of the
program, change "PATTERM" to ~-PATTERN--. In columns 63 and 64,
statement number 01052 of the program, change "TP" to --TO--. In
columns 65 and 66, statement number 01138 of the program, change

"CHARACTER" to -~CHARACTERS-~-.
Signcd and Sealed chis

Thirteenth D a )’ 0 f December!983
[SEAL)

Attest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks
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