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I. INTRODUCTION

The System Industries Model 4400/4500 Disk Systems are designed to provide

a wide range of bulk storage capabilities to users of various minicomputers.
A1l of these systems incorporate the System Industries 3040 Disk Controller
combined with either the Diablo Systems Inc. Model 40 Series moving-head
disk drives, or the Applied Magnetics Corporation (AMC) fixed-head disk
drives, or combinations of both. The moving-head drives provide a large on-
Tine capacity plus the convenience and flexibility of a removable storage
medium, while the fixed-head drives provide very fast access. Thus, these
storage systems can be configured to meet in an efficient fashion the needs

of a variety of minicomputer system requirements and applications.

This manual describes the Model 4400/4500 Disk System when the Model 3040

Disk Controller is interfaced to the Microdata computers.

The manual includes the functional descriptions and capabilities of the
system, procedures on its operational aspects, and includes checkout and
diagnostic data. The appendixes contain information regarding installation
procedures along with all the necessary diagrams and schematics for a complete

understanding of the system.
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2. FUNCTIONAL CAPABILITIES

System Configuration

The Model 4400 Disk Storage Systems employ fixed-head disks only and are used
in those applications requiring very fast access to limited amounts of data.
Model 4500 Systems employ moving-head disk drives and are best suited for

those applications requiring large capacity, or the flexibility and convenience
of a removable medium for off-line storage. With either system, the user has
the option of adding one or more of the other type of disk. Such combinational
systems can provide rapid access to those parts of the data or program files

that require it, and at the same time, offer large-capacity on-line data storage.

The Model 4400/4500 Systems utilize both the Program I/0 and direct memory access
facilities of the minicomputer. A1l commands from the minicomputer to the disk
system and status information from the disk system to the computer are transferred
via Program I/0. A1l data transfers between the computer memory and the disk

use the DMA facility.

The Model 3040 Controller, which is the heart of the disk storage system, has
four independent parallel peripheral ports. Each port can accomodate one of
the following:

e One Diablo Model 43 Disk Drive
® One Diablo Model 44 Disk Drive
o One AMC Model 200-D Disk Drive

Any combination of the 3 disk drives may be attached to the 3040 Controller
to form a storage system. Since the same set of instructions is used for both
the moving-head and the fixed-head disks, the programming is independent of

the particular storage system configuration.
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Changes to the Model 4400 or 4500 Disk System's configuration can be made
conveniently in the field by plugging the cable interfaces for the additional

disk drives into the unused ports of the 3040 Controller.
Table 2-1 summaries the capacities, access times, and transfer rates for the
Model 4500 Systems and Table 2-2 provides that information for the Model 4400

Systems.

Data Transfer Operation

The main functions of a disk controller are to provide the user with a method |
of addressing the blocks of data on the disk and to control the parallel to
serial or serial to parallel conversions of the data when writing onto or
reading from the disk respectively. This subsection describes the methods
employed by the Model 3040 Disk Controller when used in the Model 4400/4500
Systems.

o Disk Addressing

The smallest addressable block of data in a Model 4400/4500

Disk System is called a sector. For 16-bit minicomputers, each
sector contains either 128 or 256 16-bit words, depending upon
whether a track is divided into 24 or 12 sectors respectively.

The number of tracks in any one disk drive is a function of the
type of disk drive and can be obtained from either Table 2-1 or
2-2. In order to address a sector, the user must specify a

Block Address which contains both the track and sector information
for that particular block of data. The maximum block address for
each disk platter is a function of the number of tracks on that

disk platter and the number of sectors on each track. Starting
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TABLE 2-1

Moving-Head Disk Specifications for 16-bit Computers

Model 43 Model 44

Number of Tracks per Drive 816 1632
Number of Sectors per Track 12/24 12/24
Number of Words per Sector 256/128 256/128
Total Drive Capacity (Words) 2,506,752 5,013,504
Maximum System Capacity (Words) 10,027,008 20,054,016
Bit Transfer Rate 2500 Khz 2500 Khz
Word Transfer Rate 156 Khz 156 Khz
Average Rotational Latency 12.5 ms 12.5 ms
Head Movement Times, Max.:

Cylinder to Cylinder 12 ms 12 ms

Average 38 ms 38 ms

TABLE 2-2

Specifications for a Maximum Capacity Fixed-Head
System for 16-bit Computers.

Maximum Number of Tracks* 128
Number of Sectors/Track 12/24
Number of Words/Sector 256/128
Total Disk Capacity (Words) 393,216
Maximum System Capacity (Words) 1,572,864
Bit Transfer Rate 3.4 MHz
Word Transfer Rate 191 Khz
Average Access Time 8.3 ms

*AMC drives are available with 1-16 heads. Each head records
on 8 tracks. Formatting is performed prior to shipment.
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with sector zero of track zero and going to the last sector of

the last track, each sector is identified with an ascending 15-bit
binary value which will be unique for each sector. Thus to address
a sector, the user must specify its unique 15-bit block address,
and from that value, the Model 3040 Controller will automatically
calculate the correct track and sector values. This alleviates

- the user from having to work with the numbers 12 or 24, which are

not multiples of two, when specifying a disk address.

Data Transfer Specification

Besides the starting disk address, only two other parameters need
to be specified to initiate a data buffer of any size - from

one word up to 32,768 words. These two other parameters are the
word count and the starting core address. These parameters are
initialized prior to a data transfer initiation by a single I/0
instruction and are automatically maintained and updated by the

3040 Controller throughout the ensuing transfer.

NOTE: A "word" is defined to be 16 bits in Tlength.

Once these three parameters have been initialized and the data
transfer is started, the 3040 Controller will transfer the exact
number of words as specified by the word count and will automatically
cross any sector, track, or cylinder boundary to access these words.
This word count/current address approach to data transfer operations
enables the user to transfer large blocks of data with just a single
sequence of I/0 instructions, without regard to disk boundaries.
Sectors of data are transferred consecutively, even when going across

track boundaries.
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A revolution of time is lost only on moving-head disks when
going across cylinder boundaries to allow time for the heads

to move to the next cylinder.

Read and Write Operations

The I/0 instructions which initiate the read or write operation
actually initiate a command seek-read or a seek-write operation.
This concept thus helps simplify the programming steps to start

a data transfer since the user doesn't have to separately
preposition the head before a read or write instruction is

executed. The longer time it takes to do a seek-read or seek-

write over just a read or write after the head has been positioned
does not affect the total system, since the disk ports are parallel
in construction and overlap seeks on any other port may be initiated
at any time. In addition, the combined seek-read (or write) operation
makes the moving-head disk appear to the user to be no different
than the fixed-head disk except for the response time, allowing

programming to be done independently of the disk type.

Address Verification

For the moving-head drives, the Model 3040 Controller automatically
verifies that the correct sector has been located before a read or
write operation can take place on any sector. This is done for
each and every sector to be read or written, and is especially
important for the write operation where an inaccurate head movement
would cause a loss of data without this verification. This address
verification is accomplished by comparing the address of the

desired block address and the actual address written at the
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beginning of each sector on the disk. These block addresses

are written on each disk cartridge prior to its use by means of
a disk formatting program. Should an addressing error be sensed,
an automatic restore is done on that disk port by the Model 3040
Controller to alleviate the programmer from having to accomplish

this by additional instructions.

Double Buffering

In order to allow the computer some timing Teeway while still
keeping up with the high transfer rates of the disk drives, a

double buffering data transfer scheme is employed.

Data coming off the disk during a read operation comes in in

a bit serial fashion and shifts into the Data Shift Register

in the 3040 Controller. When this shift register is full, a
parallel transfer must take place from the shift register into
a buffer interface register which holds the data for a computer
DMA cycle while the shift register is busy shifting in the next
word. If only one buffer interface register were employed,
this would require that the computer answer the DMA request within
the time it takes to shift in one word to the disk controller.
This would place limitations on both system architectures and
the types of instructions one could use while the data transfer

was taking place.

To alleviate this problem, a double buffering scheme using a

second buffer interface register was employed. This gives the
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computer twice the amount of time it takes the disk to transmit
one word to the controller for it to answer a DMA request. This
scheme is also utilized when writing onto the disk. This

gives the system designer and programmer the flexibility needed

without worrying about the speed of the disk transfers.

Error Checking

The Model 4400/4500 Disk Systems are constantly sensing for the
occurrence of nine different errors. Four of these, which are
sensed by the disk drives themselves, are the File Ready, Write
Check, Logical Address Interlock and Seek Incomplete Errors.
The other five, which are sensed by the Model 3040 Controller,
are the Address Verification, Cyclic Redundancy Check, Computer
Timing, Write-Lockout and Format errors. When any of these
errors are sensed, the operation is terminated with the cause
of the termination displayed in the Control and Error Register

of the Model 3040 Controller.

Post-Transfer Status Information

At the completion of a data transfer, as well as during it, the
contents of both the Block Address Register and the Control and
Error Register in the Model 3040 Controller are available via
program I/0 instructions. The information in the Block Address
Register will contain either the block address of the sector on

the disk following the last one involved in the transfer operation
if the transfer was successfully completed, or the block address of

the sector on the disk when one of the nine error was sensed. The
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contents of the error portion of the Control and Error Register
indicates which errors, if any, occurred during the transfer

operation.

Additional Features

The following features, in addition to those directly involved in the data
transfer operation, enhance the capabilities and ease of use of the Model

4400/4500 Disk Systems.

e Bad Sector Indijcation

Bad sectors on a disk cartridge used in moving-head drives
can be identified and then flagged by means of a format
program. This is done by incorrectly formatting the bad
sector, thus forcing an address verification error. Software
Took-up tables may then be used to identify the replacement

sector.

o Write Protection

For moving-head disks, any sector on a cartridge can be write-
protected by setting the write-protect bit in the Block Address
Word. The setting of this bit is done when the sector is
formatted prior to its use. When it is set and during the
course of normal operation (when the format switch is in the
"NORMAL" position), an attempt to write that sector will result
in the generation of a write-protect error and a termination of
the write operation. The initial writing of write-protected

sectors or the updating of information in write-protected
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sectors can be accomplished through manual intervention by
switching the format switch to the "FORMAT" position before
attempting to write on those sectors. In this case, the format

switch serves as a write-protect override switch.

Write-protection in the fixed-head disks may only be
accomplished if the disk is equipped with the write-protect
option. With this option, groups of eight tracks may be
protected against write operations by setting the write-
protect switch (located on the front panel of the disk)
associated with the set of tracks. As with the cartridge
disk, if a write operatioh is attempted on any sector in a
set of tracks whose write-protect switch has been set, the
write operation will be terminated and the occurrence of
the write-protect error will be indicated in the Status

Register of the controller.

Overlap Seeking

With four parallel ports and separate Seek Address and Block
Address Registers, the design of the Model 3040 Disk Controller
allows the user to initiate overlap seeks (head-positioning
actions without data transfers automatically following) on a
disk port at any time, even if a data transfer is in progress
on another disk port. This capability can greatly enhance
system response times by overlapping the longer head movement
times with other system actions and reducing the access times
of data transfers down to the Tower 1imit of the average
rotational delay of the drive.
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e Interrupt Generation

The Model 4400/4500 Disk Systems are designed to fully utilize
both the skip-on-condition (either "done" or "busy") instructions
and the interrupt capabilities of the Microdata series computers
to which it is interfaced. The programmer may read the CER and
test either the done or busy flags at any time, and can control
interrupts locally in the Model 3040 Disk Controller via the
interrupt enable bit of the Control and Error Register. If the
interrupt enable bit is set when the done flag gets set, an

interrupt request will be generated to the computer.

The done flag will be set when a data transfer completes, either
successfully or with the sensing of an error, or when a head movement
terminates from an overlap seek while there is no data transfer

in progress.

The information needed to interpret the cause of the interrupt
is contained in the Control and Error Register of the Controller
for data-transfer-related interrupts and in the Seek Status
Register for interrupts generated at the completion of a seek
operation. Both of these registers may be interrogated by an

I/0 instruction in an interrupt subroutine.

e Instruction Timing

The Model 4400/4500 Systems have been designed to eliminate timing
problems that could result under certain sequences of disk system

comands. For example:
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e The controller will automatically queue a data transfer
instruction for a cartridge disk drive that is presently
seeking and will execute that data transfer instruction

upon the completion of the seek operation.

e The controller will automatically queue a data transfer
instruction until the completion of the sequence that
sets up the Word Count Register and Current Address
Register. This relieves the CPU of any waiting when

initiating the data transfer operation.

e Overlap seeks may be initiated on any port at any time.
However, the execution of an overlap seek on a port is
ignored when that port is presently seeking or performing

a data transfer.

o The registers in the controller that receive commands
from the computer are always available; the programmer
does not have to observe any minimum waiting time

restrictions.
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3. SYSTEM DESCRIPTION

This chapter contains the description of the Model 3040 Controller and is presented
in terms of the registers whose contents control the controller operation and

provide information to the CPU, and the instructions which control these registers.

See Appendix B, Drawing # 3050-9006-1, for a block diagram of the 3040 Controller
interfaced with a Microdata computer and a single disk drive. Using programmed
I/0 instructions, information moves to or from the Control and Error Register

and the Block Address Register,only to the Seek Address Register, and only from
the Seek Status Register. The two buffer interface registers are connected to
the DMA facility of the computer for data transfers and the Current Address
Register is attached to the DMA facility for specifying the locations in the

CPU memory to (or from) which the data is to be transferred.

REGISTER DESCRIPTIONS

The following controller registers are those with which the programmer has direct

contact (either establishing or interogating their contents):

o Control and Error Register

The Control and Error Register (CER) is a 16-bit register,
whose upper half consist of seven error-indicator bits and
whose lower half provides seven data transfer control and

status buts. One bit is unused.

A total of nine different errors are sensed by the controller

during a data transfer operation. They have been divided into
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three equal groups so that a two-bit field may describe which
of the three errors in a group has occurred or that none of
the three has occurred. One bit, the error flag, is used to

indicate if any of the nine possible errors has occurred.

The control portion of the CER contains the busy and done
flags to indicate the current status of a controller data
transfer operation, the disk unit select bits used to select
one of the four ports for a data transfer, the interrupt
enable and format enable bits, and a read disk indicator bit
used to control the direction of all data transfers on the

data channel.

The specific bit assignments for this register are as follows:

12,11

FUNCTION
Error Flag. Indicates that an error occurred.

00 No Format, Select, or Timing Errors.

01 Format Error. Indicates an attempt to format a disk without
having the format switch in the FORMAT position, or to
format a fixed-head disk.

10 Select Error. Disk command assigned to a port that either
has no disk or has a disk which is not in a condition to
operate.

11  Timing Error. Computer did not respond in time to receive
or supply a data word from/to the controller.

00 No Logical Address Interlock, Address Verification,
or Seek Incomplete Errors.

01 Logical Address Interlock. Indicates that the track address
given to the controller is greater than the maximum track
value for the disk selected.



10,9

4,3

10

11

00

01

10

11

Address Verification Error.

Indicates that the controller has detected a difference
between the Block Address Word in the sector it is attempt1ng‘
to read or write and the Block Address it expects to fine |
there. The controller initiates an automatic restore on that '
disk. :

Seek Incomplete Error. ;
Indicates a hardware malfunction in the disk. The controller
initiates an automatic restore on that disk. ‘

No Write Lock Out, Write Check or Cyclic Redundancy Check
errors.

Write Lock Out Error.

Indicates an error occurred when the program attempted to
write onto a write-protected sector. The format switch can
override the write-protected capability in the moving-head
disk.

Write Check Error.
Indicates a malfunction in the disk that makes it incapable
of writing data.

Cyclic Redundancy Check Error.
Indicates that an error was detected in the cyclic redundancy -
check word when reading the data from the disk.

Identical to Bit 0.
Unused. Will always read as zero.

Interrupt Enable.
When set, this bit will allow the controller to generate an
interrupt request when the done bit gets set.

Format Enable.
When set, this bit will allow a sector to be formatted on a
moving-head disk.

Disk Unit Select.
A two bit field selecting one of four ports for a data

transfer.

Read Disk Enable.

This bit, which is automatically controlled by the controller,
is used to indicate the direction of a data transfer. When
set, the controller is reading from the disk; when clear

the controller is writing onto the disk.

Busy Flag.
Indicates the controller is busy transferrring data to or
from the selected disk.

Done Flag.

When set, this bit indicates that either (1) a data transfer
operation has been completed, or (2) an independent seek
operation has been completed while there is no data transfer
active to any of the other three ports. |
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Seek Status Register

The Seek Status Register (SSR) is a 16-bit register and is used to
hold the status and results of all seek operations. It is composed
of four 3-bit registers, each of which is associated with a disk
port. Four bits are unused. In each 3-bit register, two bits are
used to indicate the results of the last seek on the port while the
third bit is a dynamic indication of whether the port is ready to

receive a seek command. This register may only be read back to the

accumulator, while the two bits used to indicate the seek results are

automatically cleared upon a seek being initiated on that port. Those

ports are having disks connected to them will have their 3-bit
register read back as a 78' The complete bit assignments are as

follows:

8-10
4-6
0-2
3,7,11,15
2,6,10,14

1,5,9,13

0.4,8,12

FUNCTION
Status register corresponding to disk port 3.
Status register corresponding to disk port 2.
Status register corresponding to disk port 1.
Status register corresponding to disk port 0.
Unused. Will always read as ones.

Indicates that a Hardware Seek Error has occurred. This can
occur from either seeking to a non-existent cylinder (i.e.,
a Logical Address Interlock Error) or if the disk was un-
successful in seeking to a legal cylinder number does occur,
the controller will automatically generate a restore command
to the disk.

Indicates that a Busy Error has occurred. This can occur
from initiating a seek on a port when it was either active
doing a data transfer or was not in a condition to receive
a seek operation. In either case, the seek command is
ignored when this error occurs.

A dynamic indicator for whether the port is in a condition
to receive a seek command. A zero indicates it is ready

while a one indicates that either the head is presently
moving or that the drive is not ready.
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e Seek Address Register

The Seek Address Register (SAR) is a 16-bit register used to
temporarily hold the port and block address information while

an overlap seek is initiated. It is also used as a communication
path for those program I/0 instructions entering the Block
Address Register. The Seek Address Register may not be read

back into the accumulator, but is always free to receive
programmed information without any timing restrictions. The

specific bit assignments are as follows:

BIT | FUNCTION

15, 14 A two-bit field used to select the port on which the
overlap seek operation is to be initiated.

13-0 The block address containing the cylinder value to which
the head will move when the overlap seek is executed. For
12 sector per track operation, this will be the full block
address number. For 24 sector per track operation, this
field will be the 14 most significant bits of the 15-bit
block address number.

e Block Address Register

The Block Address Register (BAR) is a 16-bit register used to
hold the block address for read and write operations. It is
entered with the starting block address when the read or
write operation is initiated, and is automatically updated
when data transfers require going across sector boundaries.

The specific bit assignments are as follows:
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BIT
15

14-0

FUNCTION

Disk Select: A zero will select the non-removeable
disk and a one will select the removeable disk for a
moveable-head disk. This bit should be a zero for the
fixed-head disk.

The block address to or from which the controller will
transfer data.

OTHER REGISTERS

The registers described below are also used by the 3040 Controller, but are

not available for programmer contact.

e Word Count Register (WCR)

This 16-bit register stores the number of words remaining
to be transferred and is updated as the transfer of each

word takes place.

Current Address Register (CAR)

This 16-bit register holds the core memory address for the
word being transferred and is incremented after each transfer

occurs.

Data Shift Register (DSR)

During a read operation the Data Shift Register takes the data
from the disk in a bit-serial fashion (least significant bits
first) and when a complete word has been assembled that word
is transferred in parallel to one of the buffer interface

registers. The transfers alternate between Buffer Interface
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Register #1 and Buffer Interface Register #2. During a write
operation, data from the buffer interface registers are
alternately transferred a word at a time into the Data Shift
Register which in turn transmits the data in a bit-serial fashion

(least significant bit first) out to the disk.

Buffer Interface Register (BIR)

As mentioned above, the data coming from the disk to the
computer or vice versa pass through one of the two buffer
interface registers. For a sequence of words being trans-
ferred, the registers are used alternately (first Register
#1, then Register #2, then Register #1, and so on). This
double buffering scheme gives the computer twice the one-
word transfer time to respond to a data transfer request.
With the high bit-transfer rates of these disk drives,
this is particularly 1mpoftant if time-consuming
instructions, such as indirect addressing sequences,

are being used.

Arithmetic Check Register (ACR)

This register accumulates the arithmetic checksum word
generated during the transfer of data to or from a sector.
After writing a sector, this word is written at the end of
the sector. After a read operation, the previously written
checksum word is compared to the contents of this register

to verify the correctness of the data transfer operation.
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e Sector Address Register (SCR)

This 5-bit register, whose inputs are the sector information
out of the address divide network, holds the current sector
value for only the read or write operations. This register

is not altered when an overlap seek is executed.

o Sector Counter

This register contains the number of the sector currently
under the read/write heads. As the disk revolves, the Sector
Counter is updated by the sector pulses from the disk and is
compared with the contents of the Sector Address Register in
order to determine when a data transfer operation should begin.
This counter is located in the disk drive for moveable-head

drives and on the disk interface cable for fixed-head drives.

DISK SECTOR FORMAT

This section describes the format of each sector on the cartridge disks and the

fixed-head disks.

Moveable-Head Disk Sector Format

The format for a moveable-head disk sector is illustrated in Figure 3-2. Each

item in this sector is described below:

- First Preamble

The preamble at the beginning of each sector consists of thirteen
16-bit words written on the disk. The first 207 bits in the preamble
are zeros; the last bit is a one.
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- Block Address Word

This 16-bit word written on the disk contains the block address of
the particular sector. The block address is written on a cartridge
when it is formatted. Before a data transfer operation takes place,
this block address is read and compared with the disired address in
order to verify that the correct sector has been located. Bits 14-0
of the Block Address Word must correspond directly with bits 14-0 of
the Block Address Register for the verify to be completed. Bit 15 of
the Block Address Word is used as the write protect bit for the sector.
If it is a zero, normal operation will occur. If it is set to a one,
the sector will be write-protected and a write lock out error will
occur if an attempt is made to write in a write-protected sector.
Placing the format switch in the "FORMAT" position will override

this write protect bit and allow updating of data in a write-

protected sector.

- Second Preamble

The Second Preamble contains a 51.2 us string of bits (all zeros except
for the last bit which is a one). This preamble envelopes the write
amplifier turn-off and turn-on for the format and data sections
respectively, and provides the read circuitry with a zero field for

resynchronization during a read operation.
- Data

The data portion of the sector contains either 256 or 128 16-bit words

for 12 or 24 sector per track operation, respectively.
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- Cyclic Redundancy Check Word

This 16-bit word is the one's complement sum of the 256 or 128 data
words in the sector. This word is automatically computed by the
controller and written on the disk during a write operation. It is
read and compared with a recalculated value from the disk data to

verify the validating of the data transfer during a read operation.

- Overhead
The overhead is the unused portion of the sector. It is nominally
278 or 66 us for 12 or 24 sectors per track respectively, but will
vary as a function of the instantaneous speed tolerances of the

disks and with interchangability tolerances of the disk cartridges.
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Moveable-Head Disk Sector Format
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Fixed-Head Disk Sector Format

The format for a fixed-head disk sector is illustrated in Figure 3.3.

item in this sector 1is described below:

- Preamble
The preamble at the beginning of each sector consists of nine
bits. The first seven bits are ones followed by a zero-one

combination for the last two bits.

- Data

The data portion of the sector contains either 256 or 128 16-bit

words for 12 and 24 sector per track operation, respectively.

- Cyclic Redundancy Check Word

Each

This 16-bit word is the one's complement sum of the 256 or 128 data

words in the sector. This word is automatically computed by the

controller and written on the disk during a write operation.

is read and compared with a recalculated value from the disk data

to verify the validity of the data transfer during a read operation.

- Overhead

The overhead is the unused portion of the sector. It has a nominal

value of 20 us.
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Fixed-Head Disk Sector Format
NOTE: The formatting of the fixed-head disk is done by the writing of

a clock track on the disk with special equipment.

INTERFACE OPERATIONS

There are several differences between the Microdata 800/1600 version and
other 16-bit versions of the System Industries 3040 Controller, specifically:
1) A General Buffer Register has been added to the controller. While
the Microdata computer has 16-bit accumulators, it can only transfer
8 bits of information at a time. The General Buffer Register enables
the controller to work with 16-bit words but transfer control infor-

mation to and from the computer in 8-bit bytes. Figure 3.4 shows
how the General Buffer Register has been incorporated into the

controller.
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A transfer of information from an accumulator to a controller
register, (all but the Control and Error register), requires the

following steps:

a) Accumulator bits 7 through 0 are transferred to

the General Buffer Register.

b) Bits 15 through 8 of the accumulator are shifted

into accumulator bit positions 7 through 0.

c) The information from the upper half of the
accumulator, (that which has been shifted into
bit locations 7 through 0), is transferred into
bit positions 15 through 8 of the controller
register. The contents of the General Buffer
Register, (per step a), are also transferred to

the controller register - bits 7 through 0.

When transferring information from a controller register to an

accumulator in the computer, the following steps occur:

a) The contents of register bit Tocations 15 through 8
are transferred into accumulator bit positions 7
through 0 as register bit locations 7 through O are

transferred to the General Buffer Register.

b) The information in the accumulator is shifted into

bit positions 15 through 8.

c) The contents of the General Buffer Register are read

into accumulator bit positions 7 through 0.
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Figure 3.4
GENERAL BUFFER REGISTER OPERATION
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Controller registers may also be entered using an output byte from
memory (OBM) instruction.  This instruction is functionally the same
to the controller as an output byte from an accumulator. The following
steps occur iﬁ transferring information from the computer memory to a

controller register:

a) The contents of the desired memory location are

transferred to the General Buffer Register.

b) The contents of another memory location are
transferred to bit positions 15 through 8 of
the desired controller register. At the same
time the information in the General Buffer
Register is also transferred to the controller

register - bits 7 through 0.

Information is transferred from a controller register to the computer

memory in the following manner:

a) The contents of register bit positions 15
through 8 are transferred into the desired
memory location as register bit positions 7
through 0 are transferred into the General

Buffer Register.

b) The contents of the General Buffer Register

are transferred into another memory location.

2) The Control and Error (CER) Register has been modified to simplify
disk operations with the Microdata byte I/0 environment. One output

byte from an accumulator or memroy location with an Order Code of 1
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3)

loads the control commands into the C&E Register (bits 8, 6-0),
and selectively clears the error portion of this register (bits 15-9)
if the most significant bit (MSB) of the output byte is a zero.
Figure 3.5 shows the interaction between the C & E Register in

the controller and an accumulator in the Microdata computer.

In the Microdata controller, a '1' in bit 6 of C & E Register will
ENABLE an interrupt to be generated by the controller. There are
three (3) ways in which the local interrupt control flip-flop (i.e.

bit 6 of the C & E Register) can be controlled:

a) A Master Clear instruction (output with order code = 7)
or depressing the "SAVE" or "RESET" switches on the
computer front panel will clear bit 6 of the C & E

Register (i.e. disable Tocal interrupts).

b) Enter the C & E Register (output with order code = 1)
with bit 6 in the output byte = 1 to enable interrupts,

or bit 6 in the output byte = 0 to disable interrupts.

c) Output instruction with order code = 6, where bit 6 of
the output byte = 1 enables interrupts and bit 6 of the

output byte = 1 disables interrupts.
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DISK CONTROLLER INSTRUCTIONS

This section describes the instructions used to specify the operations of
Model 3040 Controllers when they are interfaced to a Microdata computer.

These instructions are used for both moving-head and fixed-head disks.

Instruction Set

The standard device code address for the Model 3040 Controller will be
hexadecimal 06 for the MICRO 800 and MICRO 1600 series computers and
has a corresponding interrupt address of 10C16. The device address

and corresponding interrupt address may be modified per user
requirements. In the description of the instruction set which follows,
"Tower half" refer to the least significant and most significant halves
of the 16-bit controller registers. Output and Input Buffer Registers
are used in the interface to convert the byte I/0 commands into 16~bit
command transfers and reduce the I/0 input commands into two 8-bit

byte transfers.

There are no instruction time programming restrictions with the Model 3040
Controller and it uses the standard Byte I/0 instructions repertoire of
the Microdata computers. The user should refer to the Microdata 800 and
Microdata 1600 Reference and Interface manuals for the detailed

description of these instructions.

Qutput Instructions

These instructions are accomplished using an output byte from A, OBA;
output byte from B, OBB; or output byte from memory, OBM. Functionally,
to the controller they are equivalent. The significant information is

in the F field which is 3 bits in length. The following is a description
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of the F field corresponding to these three instructions and shows

what operation occurs in each of these cases.

o Order Code 0: Load the Output Buffer Register with
I/0 bus data.

® Order Code 1: Load the Control and Error Register.
This single byte command transfers bits 0-6 of the selected
accumulator into bits 0-6 of the Control and Error Register
and does a selective clear on bits 9-15 of the Control and
Error Register using bit 15 of the selected accumulator.
If bit 15 of the accumulator is a zero, bits 9-15 are
cleared; if bit 15 of the accumulator is one, bits 9-15

remain unchanged.

® Order Code 2: Load the Seek Address Register and initiate
an Overlap Seek.
This command will load the upper half of the Seek Address
Register with the I/0 bus data and load the lower half of
the Seek Address Register from the Qutput Buffer Register
and initiate an overlap seek (a head movement without a
following data transfer). Bits 15 and 14 specify on which
of the disk ports the seek is to take place, and bits 13-0
contain the block address from which the controller can
determine which cylinder it should seek to. For 24 sector
per track operation, bits 13-0 contain the 14 most significant
bits of the 15 bit block address. This instruction can be

initiated at any time and will be ignored if on that port,
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another seek or a data transfer is currently being executed.
The busy error flag for that port's Seek Status Register

will be set if this conflict occurs.

Order Code 3: Load the Seek Address Register and initiate a
Word Count/Current Address Sequence.
This command will load the upper half of the Seek Address
Register with the I/0 data bus and load the Tower half of
the Seek Address Register from the Output Buffer Register
and initiate the following sequence:
1. The controller interprets the contents of the
Seek Address Register as an address, and transfers
it through the Block Address and Arithmetic Check

Registers to the Current Address Register.

2. It then uses this address as a pointer and initiates

a two word DMA sequence.

3. The first word retrieved is interpreted as the
initial word count for the ensuing data buffer and

is transferred into the Word Count Register.

4. The second word retrieved is interpreted as the
initial core address for the ensuing data buffer
and is transferred into the Current Address

Register.
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® Order Code 4: Load the Block Address Register and

initiate a Read.

This command will load the upper half of the Block Address

Register with the I/0 bus data and load the lower half of

the Block Address Register from the Qutput Buffer Register

and initiate the following sequence:

1.

A seek is initiated to the sector specified by the
Block Address Register on the disk port specified

by bits 4 and 3 of the Control and Error Register.

When the track and sector are reached, the controller
goes through an address verification sequence where

it verifies that the correct sector has been reached

by reading the Block Address Word and comparing it with
the contents of the Block Address Register. This
verification sequence is done only for moving-head
disks to verify the head movements, and is not needed
to verify the electronic head selection circuitry of

the fixed head disks.

After the verification sequence is done (if needed),
the read sequence will commence where the controller
will convert the serial data on the disk into parallel
16-bit words and transfer them into core using the
Current Address Register as the pointer as to where

to store each word in core.

The read operation will continue until the number of

words initially specified in the Word Count Register
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has been transferred. As the data is read in
from each sector on the disk, a one's complement
sum is calculated from the data and compared with
the cyclic redundancy check word in that sector

to verify the validity of the data.

5. The controller operates on a total sector each
time, but transfers only the initial Word Count
Register number of words into core. Should the
initial value be less than or equal to a sector
length, the read operation will terminate at the
end of the initial sector after checking the
validity of the data. Should the initial value
be greater than a sector length, the read operation
will go automatically from sector to sector (checking
for address verification on each sector if necessary)
and will cross both track and cylinder boundaries
until the initial Word Count Register value of
words has been transferred.

NOTE: For moveable-head disks, it will take an
additional revolution when reading across
cylinder boundaries to allow time for the
heads to move. Except for this case, all
large transfers will go from sector to
sector without losing any time between
sectors.

6. As each sector is read successfully, the Block Address
Register is incremented to point to the next sector.

Thus, at the conclusion of the data transfer, the
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Block Address Register will point to the sector
immediately following the last sector read if the

transfer terminated successfully.

At the conclusion of the data transfer or whenever
an error has been sensed, the Done Flag will be set,
the Busy Flag will be cleared, and an interrupt
request to the computer will be generated if the
interrupt Enable Bit (bit 6 of the Control and

Error Register) is set.

e Order Code 5: Load the Block Address Register and initiate

a Write.

This command will Toad the upper half of the Block Address

Register with the I/0 bus data and load the lower half of

the Block Address Register from the Qutput Buffer Register

and initiate a write sequence. This sequence is the same as

for the read sequence with the following exceptions:

1.

In the address verification sequence, the most
significant bit of the Block Address Word is
tested to see if the sector is write-protected.
Trying to write into a write-protected sector
will terminate the write operation and set both

bits 15 and 9 in the Control and Error Register.

The write operation will transfer words from
core to the disk until the initial value of the

Word Count Register has been reached. It will
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then write the remaining words in the sector

(should there be any) as zeros.

3. While it is transferring data to each sector,
the controller computes the one's complement sum
of the data in the sector and then writes this
value as the Cyclic Redundancy Check Word

immediately after the data in each sector.

e Order Code 6: Enable or Disable the Interrupt control flip-
flop of the disk system using bit 6 of the I/0 bus. If bit 6
is a zero, disable the interrupt. If bit 6 is a one, enable

the interrupt.
e Order Code 7: Master Clear the controller. This instruction
initializes the controller and is equivalent to depressing the

Reset or Save switches on the computek front panel.

Input Instructions

The input buffer instructions IBA, IBB, and IBM are also functionally

equivalent to the controller. The order code definitions are:

® Order Code 0: Read the Input Buffer Register.

e Order Code 1: Read the upper half of the Control and
Error Register. The lower half of the Control and Error
Register may then be obtained by reading the Input Buffer

Register.
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e Order Code 2: Read the upper half of the Seek Status
Register. The lower half of the Seek Status Register

may then be obtained by reading the Input Buffer Register.
e Order Code 3: Read the upper half of the Block Address
Register. The lower half of the Block Address Register

may then be obtained by reading the Input Buffer Register.

¢ Order Code 4-7: Not used.

CONTROLLER OPERATIONS

The following information is provided to help the user better understand the

Model 3040 Controller and aid in its programming.

e Master Clear

The Model 3040 Controller contains its own master clear generator
circuit and also receives the master clear signal of the program

I/0 bus. The master clear function clears all the error information
bits, format enable, busy and done bits in the Control and Error
Register, clears the interrupt enable bit in the Control and Error
Register, and clears all sequence control logic in the controller

necessary to initialize the controller.

e The Overlap Seek and the Seek Status Register

The purpose of the Seek Address and Seek Status Registers is to
give the Model 4400/4500 Disk Systems a true overlap seek capacity,

which is independent of whether a data transfer is in progress on

3-24



another port. An overlap seek is initiated by the execution of
the Load SAR and Initiate OVL Seek instruction. There bits 15
and 14 of the Seek Address Register define which of the four
disk ports the seek is to take place on, and bits 13-0 define the
block address for 12 sector per track operation or the 14 most
significant bits of the block address for 24 sector per track
operation to which the heads should be moved to. The Disk
Select Bit, bit 15 of the Block Address Register, does not need
to be defined for the overlap seek operation since all four heads
in the moving-head disk drive are attached to the same head
positioner mechanism. The overlap seek capability can be used
even in a single disk drive system, since any read or write
initiation will be automatically queued in the controller until
the port on which the data transfer is to take place becomes
ready. This queue also alleviates any timing restrictions on

when to initiate a read or write sequence.

The completion of an overlap seek on any port will set the done flag
in the Control and Error Register, if and only if a data transfer is
not active at that time. A program interrupt will also be generated
if interrupts are enabled at the time the done flag gets set. Should
any overlap seek operations terminate during a data transfer on
another port, this fact will not be identified to the program at

that time, and it will be up to the user to interrogate the Seek
Status Register (bits 12, 8, 4 and 0 for ports 3, 2, 1, and 0,
respectively) to determine if any other head movements did terminate

during the data transfer should this information be needed.
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The hardware will automatically protect against the initiation of
overlap seeks if the port in question is presently either active

with a data transfer or has its head moving and is not in a condition
to enact another seek. In both cases, the seek initiation is ignored

and the busy error bit in that port's Seek Status Register is set.

The Control and Status Registers

Except for the done flag's capability of being set at the end of an
overlap seek, the Control and Error Register is used exclusively for
data transfers. The error portion of this register, which contains
any error information resulting from a data transfer, can be cleared
only by program control and set only by the controller upon the
detection of any of the nine errors. This portion of the register
should be cleared prior to a data transfer initiation, so that any
information in it after the data transfer can be only a result of

that data transfer.

The control portion of the register contains both control and status
information for data transfer operations. The five bits comprising
the interrupt enable, format enable, disk unit select bits and the
busy bit must be appropriately set by the programmer according to
their usage. However, while the read disk, busy and done flags may
be set or cleared by a Load CER instruction, they are also under
automatic control of the controller. The read disk bit is used to
control the direction of DMA transfers and must be controlled for
both the word count/current address sequence as well as the read or
write operations. The busy flag is automatically set at the time of

an Initiate Write or Read instruction and cleared when the data
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transfer terminates. The done flag will automatically be cleared
(if it is not already) at the time of the Initiate Write or Read

instruction and will be set when the data transfer terminates.

Word Count/Current Address Sequence

The word count/current address sequence was designed to allow the

user to initialize two of the three basic parameters needed to initiate
a data transfer with one programmed I/0 instruction. The controller
interprets the information transferred during an Initiate WCCA
instruction as the address of the first of two consecutive words in
core, and initiates a two word DMA sequence to retrieve them. The

word count register is a 16-bit register and allows for a full 64K

byte transfer from a single data transfer initiation.

Read or Write Operations

The design concept of the Model 3040 Controller was to minimize
the programming sequence needed to set up and initiate a data
transfer and have this one sequence capable of transferring from

1 word to 32,768 without regard to any disk boundaries.
The sequence to initiate a data transfer is described by the

following flow diagram along with the I/0 instruction mnemonic

used to accomplish each action:
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INITIALIZE THE CONTROL AND OBA, 0BB, 0BM

ERROR REGISTER Order Code 1
INITIATE WORD COUNT/CURRENT OBA, 0BB, 0BM
ADDRESS SEQUENCE Order Code 3

LOAD BLOCK ADDRESS REGISTER AND OBA, 0BB, 0BM
INITIATE EITHER READ OR WRITE Order Code 4 or 5

As seen from this flow diagram, the same sequence is used for both
read and write operations with the only difference being whether

Order Code 4 or 5 is used.

Data Transfer Monitoring

The Model 3040 Controller is designed to utilize the Read CER and
test instructions and interrupt capabilities of the computer. Once
the data transfer has been initiated, the user may periodically test
for the completion of the data transfer by executing the Jump If Busy
or Done is Nonzero instructions with the result of jumping to the
specified address if the specified condition is met. If the user
chooses not to periodically test for the data transfer completion,

he may set the interrupt enable bit at the time he initializes the
Control and Error Register for the data transfer, which will result

in an interrupt generation upon the completion of the data transfer.
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Once the controller has been identified as the interrupting device,
or if the periodic done flag testing was used to determine the data
transfer completion, the Jump If Error is Nonzero instruction can
be used to test if any errors occurred during the data transfer.

If any error did occur, the description of the error can be obtained

by interrogating bits 14-9 of the Control and Error Register.

The action taken by the program in case of errors will depend on the
specific application. However, certain errors may allow recovery
techniques while others are invariably fatal. Address Verification,
Write Check, Cyclic Redundancy Check, Timing, and Seek Incomplete
errors may sometimes be corrected by repeating the current operation
(which includes reinitializing the Control and Error Registers). If
the error is a recoverable one, it will not persist for more than
seven attempts. Beyond seven attempts, it should be considered fatal.
If the interrupt scheme was used, the programmer should clear the done
flag prior to the execution of an interrupt enable instruction to

prevent any false interrupts from occurring.

 Disk Formatting

Before data can be written onto a moving-head disk sector, and hence

read from the sector, the sector must be formatted by writing a preamble

and Block Address Word at the beginning of each sector. This is accomplished
by initiating a write sequence on each sector, the same sequence as if

writing data except for the following conditions:

1. The format switch must be manually placed in the

FORMAT position.
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2. The format enable bit (bit 5 of the Control and

Error Register) must be set to a one.

3. The word count must be specified as E 14

16 ( 10)'

4. The data buffer must be following:
a. the first Ci6 (1210) words must be zero.
b. the Di6 (1310) word must be 8000.

c. the last word of the data buffer is the
Block Address word.

Thus, each sector is formatted separately by initiating a write
sequence with the above special requirements. It will result in

a string of 207 zeros being placed on the disk starting at the
sector notch with a one being written on the disk in the 208th bit
time (83.2us). The sixteen bits immediately following the single

one bit will be the Block Address Word.

Block Address Word and Sector Write Protection

The Tast word of the data buffer when formatting a sector is the
Block Address Word. For normal operation (i.e., not write-protecting
a sector) the most significant bit of this word should be a zero and
bits 14-0 are identical to therbits 14-0 which are loaded into the
Block Address Register when the write sequence was initiated to
format the sector. If it is desired to format the sector in the
write-protect mode, the most significant bit (bit 15) of the Block
Address Word must be set to a one. Once it is formatted in the write-

protect mode, data may be written into the sector by leaving the
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format switch in the FORMAT position, which performs as a write

protect override switch.

When a sector is formatted, data must be first written into the
sector before any valid read operation may be initiated on that
sector. Thus, when reformatting a normal sector into a write-
protected sector, the data in the sector, if it is to be saved,
must first be read into a temporary storage area while the sector
is reformatted, and then rewritten into the sector after it has

been veformatted.
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4. OPERATIONS CHECKOUT

A diagnostic program is used to checkout the disk system. The program is

composed of three sections:

- Parameter Specifications, in which the user specifies the
configuration parameters and desired controls on diagnostic

software;

- Controller Tests, in which the register transfers and

interrupt operation of the controller are checked; and

- Disk System Tests, in which Seeking, Reading and Writing
Operations, Format features, and Error indicators are

checked.

A portion of the Disk System Tests section is the format program which may be

used independently to format new disk cartridges.

e Loading the Diagnostic Program

This sub section describes the procedures for loading the Diagnostic

Program into a Microdata 800/1600 computer.

Required Equipment

The Diagnostic requires an equipment configuration consisting
of::

® Microdata with 16384 bytes of memory

o Teletype

e 3040 Controller

® One or more disk drives
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Diagnostic Program Loading Procedure

o Load the Teletype Operating System (TOS)
e Place the Diagnostic Program paper tape in the paper
tape reader;
e Set front panel sense switch 1:
OFF for serial TTY
ON for parallel TTY
e Type "R" on TTY
The program will be read in and upon successful loading, the Diagnostic
will automatically assume control and the input dialogue will begin.

Note: The program occupies location O~1FD216 and is not relocatable.

Alternate Diagnostic Program Loading Procedure

o Load the proper bootstrap (i.e., for either serial or parallel

TTY) in the following manner:

1) Place the TTY in the off-line mode, place the reader
control Tever to the "free" position and enable the

Teletype reader. Type control and Q.

2) Place the TTY in the on-line mode and insert the
bootstrap tape in the reader with the first rub-out
character at the read station. Set the reader

control lever in the stop (center) position.

3) Set the front panel sense swtiches as follows:

4) Sense switch 1: off for serial TTY interface
on for parallel TTY interface

5) Sense switch 2: Must be off.
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6) Sense switch 3: Must be off.

7) Sense switch 4: Must be on. This selects the
bootstrap loader whenever the run switch is selected

and was preceded by a reset.

8) Press the reset and the run switches and the system

will wait for the Teletype reader to be started.
9) Press the TTY reader lever to the start position.

e After the bootstrap has been read into the system, set the TTY

reader control lever in the stop position.

o Remove the bootstrap tape from the reader and insert the diagnostic

program tape.
® Press the TTY reader level to the start position.

The program will be read in and upon successful loading, the
Diagnostic will automatically assume control and the input

dialogue will begin.
If the diagnostic program has been loaded into the computer

memory, the TOS can be used to restart the program. Type a

“G" and then a zero to initiate the first prompt.

e Specifying the Test Parameters

The parameters that control the operation of the Diagnostic are input
by the user through the front panel switch register in response to
prompts typed out on the teletype. The specification dialogue is

divided into five parts:
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e Describing the disk configuration;

e Indicating the portion of the disk to be tested;

e Indicating the interrupt address;

¢ Indicating whether or not disk formatting between passes
is desired;

e Specifying a variety of Diagnostic operation and error

type-out controls.

Disk Configuration Specification

The dialogue begins with the prompt:

ENTER DISK TEST INFORMATION

Set the front panel sense switches using the code described below

to describe the configuration of the disk on each port (0-3).

NOTE: Each of the four switches must be set three
times to completely define each port.
Further, after all ports have been defined,

switch no. 4 must be set to a "1" to proceed
to the next prompt and continue running the
diagnostic program.
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DISK TEST SPECIFICATION CODE

FIRST DISK TEST INFORMATION ENTRY

Switch Information Entered Code

1,2 Unit (port) number The port number, 0-3,
expressed as a binary
number.

3 Type of disk 0 = fixed head disk
1 = moving head disk

4 Are all disk parameters 0 = enter additional

specified parameters

1 = done - all

parameters specified

After the sense switches are set to the desired positions, depress

the Run switch.

DISK TEST SPECIFICATION CODE

SECOND DISK TEST INFORMATION ENTRY

Switch Information Entered Code

1 Track Density 0 = 100 tracks/inch
(Model 43)
1 = 200 tracks/inch
(Model 44)
2 Number of sectors per track 0 = 12 sectors/track

1 = 24 sectors/track
3 (not used) 0
4 Partial disk test 0 = test full disk
specification *] = test less than

full disk

*If a "1" is specified:
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a) For a fixed-head disk - you will be given the prompt:
TYPE NUMBER OF HEADS

Type the number (hexadecimal) of heads to be tested.

b) For a moving-head disk - you will be given the prompt:
TYPE MAX CYLINDER

Type the maximum number (hexadecimal) of cylinder to be

tested.
DISK TEST SPECIFICATION CODE
THIRD DISK TEST INFORMATION ENTRY
Switch Information Entered Code
1 Removable cartridge test 0 = do not test removeable
indicator cartridge
1 = test removeable
cartridge
2 Fixed cartridge test 0 = do not test fixed
indicator cartridge
1 = test fixed cartridge
3 (not used) 0
4 (not used) 0

When all these parameters have been entered correctly the prompt:
ENTER DISK TEST INFORMATION

will be repeated. In response, enter the description of the next

port to be tested. If information on all ports to be tested has

been entered, set sense switch No. 4 to "1" and depress Run to go

on to the next prompt. The Diagnostic will go on to the next prompt

automatically when the disks on all four ports have been specified.
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Controller Device Code

The diagnostic next types out

TYPE CONTROLLER DEVICE CODE

In response, type the assigned device code on the TTY (hexadecimal 6

is standard) and depress the return key on the TTY.

Disk Formatting Control

The next prompt in the dialogue is

ENTER FORMAT LOOP CONTROL

In response, set the front panel sense switches using the code described

below:
FORMAT LOOP CONTROL CODE
Switch Information Entered Code
1 Controls the number of times 0 = format the disk and
the disk is to be formatted run the seek all
blocks test only once
1 = reformat the disk and
run seek all blocks
test on every pass of
the test
2 Controls whether entire 0 = run complete
diagnostic or just formatting diagnostic
portion is to be run. 1 = run formatting
routine only
3 Controls whether or not a 0 = special format test
special format test is run not run
1 = special format is run
4 (Not used) 0

After the switches have been set, depress the Run

front panel of the computer.
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Diagnostic Operation/Type OQut Controls

The final prompt is
ENABLE FORMAT SWITCH, ERROR AND TYPE OUT CONTROLS
Set the format switch on the rear of the controller to the "FORMAT"
position. Then, set the sense switches on the front panel according
to the code described below to indicate which of a variety of operation

and type-out options are desired.

DIAGNOSTIC CONTROL CODES

Switch Control Description Code

1 Controls whether Diagnostic 0 = continues with test
repeats current operation or 1 = repeats current
continues on with test. operation (Always

set to zero initially)

2 Controls whether or not the 0 = halts after seven
Diagnostic halts on an non- occurrences of an
recoverable error error

1 = continues on errors

3 Controls whether or not error 0 = type out all errors
type outs are made 1 = delete type outs

4 Controls typing out of data 0 = types out only first
errors detected on a data eight data errors
compare operation 1 = types out all data

errors

After the switches have been set, depress the Run switch.

e Diagnostic Program Operation

After having received all of the control parameter inputs, the
diagnostic tests the controller registers, formats the disk, tests
the features of the disk controls, and tests the reading and writing
of the disk for each port being exercised.
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The following describes these tests in somewhat more detail and
indicates how to use an option of the diagnostic to assist with
trouble shooting. If any of the tests described below are not
performed satisfactorily, an error results and an error number
is printed out. See Chapter 5 for descriptions of these error

messages:

o Controller Tests

The test section of the diagnostic begins with three controller
tests. These tests, which check the controller only, do not

require a disk be on the system in order to be performed.

1) Control and Error Register Test:
The transmission paths between the computer and the Control
and Error Register are checked by sequentially setting and
reading back bits. A reset command is issued after each
bit is set and the register is checked to assure that the

bit cleared properly.

2) Interrupt Test:
The diagnostic generates an interrupt by setting the Done
bit in the Control and Error Register using the CER Load
instruction and then checks to see that an interrupt is
properly generated, that it used the correct vector address,

and that it occurs within the maximum allowable time.

3) Word Count and Current Address Test:
The transmission paths between the controller Block Address
Register and the computer are checked by transmitting back

and forth various sequences of zeros and ones. This test
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also verifies that the word count and current address

sequence terminates.

e Disk Operation Tests

The next sequence of tests checks the operation of the entire disk

system.

1) Logical Address Interlock and Overlap Seek Test:

The Seek Status Register is examined to see if the selected
disk is ready to Seek, Read, or Write, then an overlap seek
is performed to sector zero, and the disk unit is checked to
make sure that the hardware and busy error flags clear within
300 milliseconds. Then five more overlap seeks are done to
check for various timing and logical address interlock errors.
They are:
e Seek to maximum sector plus one to test logical

address interlock.
o Seek to sector zero to check proper operation.
o Seek to maximum sector to check proper operation.
o Overlap seek while simulating a data transfer on

the same port to test the busy error indication.
e Overlap seek while simulating a data transfer on

another port to check proper operation.

2) Format Test:

NOTE: The Format Enable switch must be in the FORMAT
position during this test.

This test formats the disk and then writes the block address

in the data portion of each sector. It then reads back each
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sector comparing the block address with the data written in
the sector to check that the formatting was done correctly.

Then two other tests of controller functions are performed:

e Write an incorrect block address in sector zero
and verify that it causes an address verification
error.

e Format disk in Write Protect mode to check for

proper operation.

Then the disk is reformatted normally and the test continues.

Special Format Test:

If sense switch No. 3 was set to a "1", in response to the
Format Loop Control prompt, two additional tests are performed.
The message DISABLE FORMAT SWITCH 1is typed out on the Teletype
and the user disables the Format Switch and depresses RUN. The
diagnostic will attempt to format the disk and check for the
proper error indications. Also a Write operation will be
attempted in a write-protected sector to test the error
indicators. After these two tests, the message ENABLE FORMAT
SWITCH will be typed out, and after the RUN key is pressed, the

tests will continue.

Seek A11 Blocks Test:

Seeks are performed to sector zero, then to the maximum sector,
then sector one, then to maximum sector minus one, and so on
through the disk, verifying on each seek that the proper

location was reached.
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5)

Random Seek Test:

A series of 512 random block addresses are generated and
Seek/Read operations are performed to these sectors. The
diagnostic verifies that the correct location is reached

on each seek.

Single Block Data Test:

This test writes a fixed data pattern in each sector of
the disk using single block transfers, reads back the data
in single- and multiple-block transfers, and checks all

data transfers for accuracy.

Multiple Block Data Test:

This test writes the entire disk with a fixed data pattern
using multiple block transfers and then reads it back using
multiple block transfers, and single- and partial block

transfers. All transfers are checked for accuracy.

When these tests have been completed for the fixed and removable

disks on the first port, as indicated by the disk test information,

the test automatically runs for each of the other ports indicated,

and then recycles back to the first port again. If the format

portion of the test is not to be redone (as indicated by the test

control inputs), a message DISABLE FORMAT SWITCH will be typed out.

Set the Format Switch to the NORMAL position and press RUN. The

diagnostic will continue to recycle until stopped manually or

until an error halt has occurred.
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e Trouble Shooting Aid
Sense switches 1, 2, and 3 can be used as a trouble shooting aid.
If an error occurs and the computer halts, setting switches 1, 2,
and 3 and depressing RUN forms a continuous scope loop on the test

which caused the error.

Whenever switch 1 is set, the test currently being performed will

be repeated continuously until switch 1 is reset.

e Formatting Disk Cartridges
When using only the format portion of the diagnostic, enter all
the normal parameters for the port on which the disk to be
formatted is attached. Be sure the Format Enable switch is in
the FORMAT position and that sense switch 2 is set in the Format
Loop Control prompt. When the formatting operation is complete,
the message END FORMAT OPERATION will be typed out and the program
will halt.
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5. DIAGNQSTIC PROGRAM

This chapter presents a detailed description of the Diagnostic Program for

a Model 3040 Disk System when it is interfaced with a Microdata computer.

PROGRAM DESCRIPTION

The Table of Tests and Errors provides a fast reference for the error
messages and the tests that produce them. Following the table is an

explanation of what each test does and how to interpret the error

messages.
TABLE 5-1
TESTS AND ERRORS
TEST NO. TEST DESCRIPTION ERROR NUMBER
1 Control and Error Register Test 1,2
2 Interrupt Test, Skip on Busy Test, Skip 0,3
on Done Test
3 Word Count/Current Address Test 4
4 Logical Address Interlock and Overlap
Seek Test
4.1 Test Unit Ready to Seek, Read or Write 5
4.2 Seek to Sector 0, Hardware Error and
Busy Flags clear 6, 206
4.3 Overlap Seek to maximum sector +1;
test Logical Address Interlock 7, 11-14
4.4 Overlap Seek to Sector 0 15, 17-22
4.5 Overlap Seek to Maximum Sector 23, 25-30
4.6 Overlap Seek with Simulated Data Transfer 31, 33-36
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TABLE 5-1 (continued)

TEST NO. TEST DESCRIPTION ERROR NUMBER
4.7 Overlap Seek with simulated data transfer 37, 41-44

on another port.
4.8 Seek/Read Maximum sector +1; test logical

Address Interlock, Skip on Error Test 45-47
4.9 Seek/Mrite Maximum Sector +1; test logical

Address Interlock, Skip on Error Test 50-52
5 Format Test (for Moving-Head Disks only)
5.1 Format disk with Write Protect Bit = 0 53-55
5.2 Write block number in data portion of

each block 75-100
5.3 Read each block and verify block address

is in data portion 101-104
5.4 Format Sector 0 with incorrect block

address 173-175
5.5 Attempt to read Sector 0, check for

Address Verification Error 176-177
5.6 Attempt to write Sector 0, check for

Address Verification error 200-201
5.7 Format all sectors in write-protect mode

Write Protect Bit = 1 56-60
5.8 Write maximum block number minus block

number in data portion of each sector 105-110
5.9 Read and verify that maximum block number

minus block number is in data portion of

each sector 111-114
5.10*% Attempt to format with format switch

normal; check for format error 202-203
5.11* Attempt to write with format switch

normal and sectors write-protected;

check for Write Lockout Error 204-205
5.12 Reformat the disk with Write Protect

Bit = 0 64-65

*Special format tests which are executed only if requested by the user
in the test specification sector of the Diagnostic Operation.
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TABLE 5-1 (continued)

TEST NO. TEST DESCRIPTION ERROR NUMBERS
6 One Word Write/Read Test
6.1 Write the block number in the data portion

of all sectors ' 115-120
6.2 Read all sectors and verify that they were

written correctly 121-124
7 Seek A11 Blocks Test 125-130
8 Random Seek Test 131-134
9 Single Sector Write/Read Test
9.1 Write entire disk with data pattern one

sector at a time 135-141
9.2 Read entire disk one sector at a time

and verify accuracy 142-146
9.3 Read entire disk 1-1/2 sectors at a time

and verify accuracy 147-153
10 Multiple Sector Write/Read Test
10.1 Write entire disk 1-1/2 sectors at a

time with fixed data pattern 154-160
10.2 Read entire disk 1-1/2 sectors at a

time and verify accuracy 161-165
10.3 Read entire disk one sector at a time

and verify accuracy 166-172

NOTE: A "WORD" is defined to be 16 bits in length, unless

specifically stated otherwise.
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DIAGNOSTIC PROGRAM TESTS

TEST NO. 1 - Control and Error Register Test

Description:
This test sequentially transmits one bit at a time out from the computer and
reads it back from the Control and Error Register (CER) to verify the trans-
mission. It checks bit numbers 1-6, one bit at a time, and bits 0 and 8
together. After each bit has been successfully received and read back from
the controller, a Reset command is issued and the test checks to verify that
the proper bit was cleared. Note that bits 2-4 are not affected by a Reset
command, so they are ignored in this portion of the test.
Errors:

001 - Indicates that a bit did not get set in the CER when transmitted

from the computer.
002 - Indicates that one of the bits set in the CER did not clear when

a Reset command was issued.

TEST NO. 2 - Interrupt Test

Description:
An interrupt receive address is loaded into the interrupt vector location
and an interrupt is generated by setting the interrupt enable and done bits
in the CER. The program verifies that an interrupt is generated to the
proper address within the maximum amount of time.
Errors:

000 - Indicates that the interrupt was to an improper address. The

message "ILLEGAL INTERRUPT FROM ADDRESS " is typed
5-4



out, where the address is the point in the program being executed

when the interrupt occurred. This error message will be printed

at any time during the program when an illegal interrupt occurs.
003 - Indicates that no interrupt occurred when the interrupt enable

and done bits were set in the CER.

TEST NO. 3 - Word Count/Current Address Test

Description:
This test transmits selected values from the computer to the Block Address
Register (BAR) in the controller using the word count/current address
sequence command. Each value is loaded into an accumulator and trans-
mitted to the BAR. Then the contents of the BAR are checked. The first
value transmitted is all zeros, initiating the word count/current address
function to address 0. The second value transmitted is 177775. The next
value transmitted is alternating ones and zeros, starting with a zero in
the least significant bit position (125252). The final value transmitted
is 52524.
Errors:

004 - Indicates that the word count/current address sequence did

not load the proper value into the BAR.

TEST NO. 4 - Logical Address Interlock and Overlap Seek Test

This test is composed of the following sub-tests described below:
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Sub-Test 4.1

Description:

This sub-test interrogates the Seek Status Register (SSR) to verify
that the selected disk is ready to seek, read, or write.

Errors:

005 - Indicates that the disk is not ready to seek, read or write.

Sub-Test 4.2

Description:
This sub-test performs an overlap seek to Sector 0 and verifies that
the hardware error and busy flags are both cleared.
Errors:
006 - Indicates that the hardware error and/or busy flags did not
clear with a seek to Sector 0.
206 - Indicates that the Ready to Seek, Read or Write line did not
return to zero within the maximum allowable 300 milliseconds

when the seek to Sector 0 was attempted.

Sub-Test 4.3

Description:
This sub-test executes a seek to the maximum sector plus one and tests
the Logical Address Interlock. This test and the following overlap seek

tests are subroutine L4 to perform the seeks and the error checking.

Subroutine L4 operates as follows: It first clears the error and done
flags in the CER, issues the overlap seek, checks to see if the Ready
to Seek, Read, or Write Tine returns to zero within a maximum of 300

milliseconds. Next the values in the SSR and all ports other than the
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port being tested are checked to make sure they have not changed, and
the flags that were set during this operation are checked to verify
they were handled properly. These include busy, hardware error and

the done flags.

Seeking to the maximum sector plus one should generate a Logical Address
Interlock hardware error. Also, the done flag should be set but the
busy flag should not be set.

Errors:

007 - Indicates that the Ready to Seek, Read, or Write line did not
return to zero within 300 milliseconds after an overlap seek
was executed.

011 - Indicates that a portion of the SSR associated with a port other
than the port being tested changed during the execution of an
overlap seek.

012 - Indicates that the busy flag was set during an overlap seek
when it should not have been.

013 - Indicates that a hardware error failed to occur but should have
during an overlap seek.

014 - Indicates that the done flag failed to get set upon completion

of an overlap seek.

Sub-Test 4.4

Description:

This sub-test performs an overlap seek to Sector 0 and does the checking
described in Sub-Test 4.3. In this case, since the proper operation of
the Logical Address Interlock in Sub-Test 4.3 insures that the head will

be positioned over Sector 0, the done flag should be set. The test
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verifies that it is set and that no false errors are set during this

operation.

Errors:

015

Indicates that the Ready to Seek, Read, or Write line did not
return to zero within 300 milliseconds after an overlap seek

was executed.

017 - Indicates that a portion of the SSR associated with a port other
than the port being tested changed during the execution of an
overlap seek.

020 - Indicates that the busy flag was set during an overlap seek
when it should not have been.

021 - Indicates that a hardware error occurred on the overlap seek
when it should not have.

022 - Indicates that the done flag failed to get set upon completion
of an overlap seek.

Sub-Test 4.5
Description:

This sub-test performs an overlap seek to the maximum sector and performs

the checks described in Test 4.3. In this case, the done flag should be

set but neither the hardware error nor the busy flags should be set in

the SSR.

Errors:

023 - Indicates that the Ready to Seek, Read, or Write line did not

return to zero within 300 milliseconds after an overlap seek

was executed.

025 - Indicates that a portion of the SSR associated with a port other

than the port being tested changed during the execution of an

overlap seek.
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026 - Indicates that the busy flag was set during an overlap seek
when it should not have been.

027 - Indicates that a hardware error occurred on the overlap seek
when it should not have.

030 - Indicates that the done flag failed to get set upon completion

of an overlap seek.

Sub-Test 4.6

Description:

This sub-test attempts an overlap seek to the maximum sector while simulating
a data transfer on the same port. The data transfer is simulated by setting
the Pseudo Busy Flag flip flop using the Word Count/Current Address operation
and also loading the number of the port being tested into the CER. When the
overlap seek is attempted under these conditions, a busy flag should be set

and the hardware error and done flags should not be set.

Errors:

031 - Indicates that the Read to Seek, Read, or Write 1ine did not return
to zero within 300 milliseconds after an overlap seek was executed.

033 - Indicates that a portion of the SSR associated with a port other
than the port being tested changed during the execution of an overlap
seek.

034 - Indicates that the busy flag was not set on the overlap seek when it
should have been.

035 - Indicates that a hardware error occurred during the overlap seek

operation when it should not have.
036 - Indicates that the done flag was erroneously set during the overlap

seek operation.
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Sub-Test 4.7

Description:
This sub-test performs an overlap seek while a simulated data transfer on
another port is being executed. The data transfer is simulated by leaving
the Pseudo Busy Flip flop set but alternating the unit select in the CER
to the number of a port other than the one being tested. Then a seek to
the maximum sector is performed. No changing of cylinders is required
since the head was properly positioned over this maximum sector before the
test was initiated. During the test, the busy flag should be cleared. No
hardware error should occur, and the done flag should not be set since there
is a data -transfer in progress.
Errors:
037 - Indicates that the Ready to Seek, Read, or Write line did not
return to zero within 300 milliseconds after an overlap seek
was executed.
041 - Indicates that a portion of the SSR associated with a port
other than the port being tested changed during the execution
of an overlap seek.
042 - Indicates that the busy flag was set during an overlap seek
when it should not have been.
043 - Indicates that a hardware error occurred on the overlap seek
when it should not have.
044 - Indicates that the done flag was erroneously set during the

overlap seek operation.
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Sub-Test 4.8

Description:

In this sub-test, a Seek/Read operation to the maximum sector plus one is
attempted using subroutine L5. The Seek/Read command is issued and the
program waits for the done flag to be set. It verifies that a hardware
error is indicated in the SSR and that the Logical Address Interlock
error is properly displayed in the CER.

Errors:

045 - Indicates that the controller did not terminate the operation
attempting to read the maximum sector plus one in the maximum
allowable time.

046 - Indicates that the CER failed to show the occurrence of a
Logical Address Interlock after an attempt to read the maximim
sector plus one.

047 - Indicates that the SSR did not properly show a hardware error

after the attempt to read the maximum sector plus one.

Sub-Test 4.9

Description:
This test attempts to perform a Seed/Write to the maximum sector plus one
doing the same checks as in Sub-Test 4.8.
Errors:
050 - Indicates that the controller did not terminate the operation
attemptihg to write the maximum sector plus one in the maximum
allowable time.

051 - Indicates that the CER failed to show the occurrence of a Logical

Address Interlock after attempt to write the maximum sector plus one.
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052 - Indicates that the SSR did not properly show a hardware

error after the attempt to write the maximum sector plus one.

TEST NO. 5 - Format Test (For Moving-Head Disks Only)

This test is composed of the sub-tests described below:

Sub-Test 5.1

Description:

In this part of the test, the disk is formatted for normal operation (Write
Protect bit is zero) using the subroutine F15. This subroutine is used when-
ever a format operation is being performed. It sets the format enable bit in
the CER, moves the proper word count pointer to the Word Count Register,
initiates a Word Count/Current Address sequence, and then initiates a format
write to the selected sector. The program then checks that the done flag gets
set within the maximum allowable time. When the done flag has been set, the
CER is checked to verify that no error has occurred and that the busy flag is
not set. Then the program compares the value of the Block Address Register
(BAR) with the address of the block to be written. Note that the BAR is not
incremented at the end of a format sequence as it is at the end of a normal
write operation.

Errors:

053 - Indicates that the done flag did not get set in the maximum
allowable time after a sector was formatted. Note that the BAR
should contain the number of the block being formatted at
the time the error occurred.

054 - Indicates that the CER indicated an error occurred when a
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sector was being formatted.
055 - Indicates that the contents of the BAR, which should equal the

number of the block being formatted, are incorrect.

Sub-Test 5.2

Description:

In this sub-test the block address of each sector is written in the first
word of the data portion of that sector using subroutine W1l.

Errors:

075 - Indicates that the done flag was not set in the maximum
allowable time when attempting to write the block number
in the data portion of a sector.

076 - Indicates that the CER indicated an error occurred during
the data transfer when attempting to write the block number
into the data portion of a sector.

077 - Indicates that the data in the buffer was modified during
the write operation.

100 - Indicates that the second word in the buffer was modified
during the one-word write operation when attempting to write

the block number in the data portion of the sector.

Sub-Test 5.3

Description:

In this sub-test, each sector is read to verify that the block address

was written correctly in the data portion of the sector. Upon successful
completion of this test,if the third Format Loop Control digit typed was

a one, the message "END OF FORMAT OPERATION" is typed out and the computer
halts. |
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Errors:

101 - Indicates that the done flag was not set in the maximum
allowable time when attempting to read the block number in
the data portion of a sector.

102 - Indicates that the CER indicated an error occurred during the
data transfer wehn attempting to read the block number from
the data portion of a sector.

103 - Indicates that the data in the buffer was modified during the
read operation.

104 - Indicates that the word in the buffer which is one greater
than the word count was modified during the single sector
read when attempting to read the block number in the data
portion of the sector.

Sub-Test 5.4
Description:

This sub-test formats the entire disk with incorrect block numbers.

Errors:

173 - Indicates that the done flag did not get set in the maximum

allowable time after a sector was formatted.

174 - Indicates that the CER indicated an error occurred when a

sector was being formatted.

175 - Indicates that the contents of the BAR, which should equal

the number of the block being formatted, are incorrect.

Sub-Test 5.5

Description:

In this sub-test an attempt is made to read Sector O by issuing a read
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instruction. The value in the CER should be 910516 indicating an
Address Verification error occurred during the read operation.
Errors:
176 - Indicates that the controller did not terminate the read
operation in the maximum allowable time.
177 - Indicates that the contents of the CER at the end of the

read operation were not waht they should have been.

Sub-Test 5.6

Description:
In this sub-test, an attempt is made to write in Sector 0. The expected
value in the CER is 910116 indicating an Address Verification error
occurred during the write operation.
Errors:

200 - Indicates that the controller did not terminate the write

operation in the maximum allowable time.
201 - Indicates that the contents of the CER at the end of the

write operation were not what they should have been.

Sub-Test 5.7

Description:
In this sub-test, subroutine F15 is used to format the disk with every sector
being write-protected. This is done by setting the write-protect bit (the
most significant bit) in the Block Address Word.
Errors:
056 - Indicates that the done flag did not get set in the maximum
allowable time after a sector was formatted.

057 - Indicates that the CER indicated an error occurred when a
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sector was being formatted.

060 - Indicates that the contents of the BAR, which should equal

the number of the block being formatted, are incorréct.

Sub-Test 5.8

Description:

This sub-test using subroutine W1l writes in the data portion of each sector

a value equal to the maximum block number minus the block number of the

sector
should
Errors:

105

106

107

110

being written. If the format switch is enabled these write operations

be executed.

Indicates that the done flag was not set in the maximum
allowable time when attempting to write the block number

in the data portion of a sector.

Indicates that the cer indicated an error occurred during
the data transfer when attempting to write the block number
into the data portion‘of a sector.

Indicates thdt the data in the buffer was modified during
the write operation.

Indicates that the second word in the buffer was modified
during the one word write operation when attempting to write

the block number in the data portion of the sector.

Sub-Test 5.9

Description:

In this sub-test, each sector is read to verify that the value of the maximum

block number minus the block number was correctly written in the sector.
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Errors:

111 - Indicates that the done flag was not set in the maximum

allowable time when attempting to read the block number
in the data portion of a sector.

112 - Indicates that the CER indicated an error occurred during
the data transfer when attempting to read the block number
from the data portion of a sector.

113 - Indicates that the data in the buffer was modified during
the read operation.

114 - Indicates that the word in the buffer which is one greater
than the word count was modified during the single sector
read when attempting to read the block number in the data

portion of the sector.

Sub-Test 5.10

Description:
If sense switch 3 was set when the Format Loop Control parameters were entered,
a message requesting that the operator disable the format switch will be typed
out; otherwise the diagnostic will continue with Sub-Test 5.12. Once the
format switch has been disabled and the RUN key has been depressed, subroutine
F5 will be used to attempt to format Sector 0. This attempt to format the disk
with the format switch disabled should result in the value A10116 being
displayed in the CER.
Errors:

202 - Indicates that the controller did not terminate the read

operation in the maximum allowable time.
203 - Indicates that the contents of the CER at the end of the

read operation were not what they should have been.

5-17



Sub-Test 5.11

Descripfion:
In this sub-test, an attempt is made to write into Sector 0 with the format
switch disabled. This should result in a Write Lockout error indicated by
the value 830116 in the CER since the sector is write protected. At the
conclusion of this test, a message telling the operator to enable the format
swtich will be typed out so that the format test can be continued.
Errors:

204 - Indicates that the controller did not terminate the

write operation in the maximum allowable time.
205 - Indicates that the contents of the CER at the end of

the write operation were not what they should have been.

Sub-Test 5.12

Description:
This sub-test formats the entire disk in the normal mode (Write Protect Bit=0)
using subroutine F15.
Errors:
064 - Indicates that the done flag did not get set in the maximum
allowable time after a sector was formatted.
065 - Indicates that the CER indicated an error occurred when a
sector was being formatted.
066 - Indicates that the contents of the BAR, which should equal

the number of the block being formatted, are incorrect.
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TEST NO. 6 - One Word Write/Read Test

This test is composed of the sub-tests described below:

Sub-Test 6.1

Description:
In this sub-test, the block address of each sector is written in the first
word of the data portion of that sector. This test is performed by subroutine

W11, which is also used in the Sub-Tests 5.2 and 5.8,

The operation of W1l is as follows: It sets up the parameters for the
read/write subroutine and then writes all sectors, beginning with sector
zero and writing every other sector. The reason for this interlace is to
get maximum efficiency by providing the program with the time it needs to
perform the diagnostic checks between sectors rather than wasting entire
disk revolutions.
Errors:
115 - Indicates that the done flag was not set in the maximum
allowable time when attempting to write the block number
in the data portion of a sector.
116 - Indicates that the CER indicated an error occurred during
the data transfer when attempting to write the block number
into the data portion of a sector.
117 - Indicates that the data in the buffer was modified during
the write operation.
120 - Indicates that the second word in the buffer was modified
during the one word write operation when attempting to write

the block number in the data portion of the sector.
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Sub-Test 6.2

Description:
In this sub-test, all sectors are read, beginning with sector zero and
reading every other sector, to verify that the information written in
Sub-Test 6.1 was written correctly.
Errors:
121 - Indicates that the done flag was not set in the maximum
allowable time when attempting to read the block number
in the data portion of a sector.

122 - Indicates that the CER indicated an error occurred during

the data transfer when attempting to read the block number
from the data portion of a sector.
123 - Indicates that the data in the buffer was modified during

the read operation.

124 - Indicates that the word in the buffer which is one greater
than the word count was modified during the single sector
read when attempting to read the block number in the data
portion of the sector.

TEST NO. 7 - Seek A1l Blocks Test

Description:

Using subroutine W11, the combination Seek/Read instruction is executed on
Sector zero, and since the first word of the data portion of all sectors
contains their respective block numbers, it can verify that the appropriate
sector is reached and read. The same operation is performed on the maximum

sector, then on Sector one, then on the maximum sector minus one, and so on
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until all sectors have been read. This test exercises the head positioning
movement and verifies the operation of the Sector Counter on the moving-
head disk, and verifies the head selection electronics and the Sector
Counter on the fixed-head disk. Notice that for the moving-head disk,
this method of operation verifies that moving the head across the center
track a large number of times does not distort the information on that
track.
Errors:
125 - Indicates that the done flag was not set in the maximum
allowable time when attempting to read the block number
in the data portion of a sector.
126 - Indicates that the CER indicated an error occurred during
the data transfer when attempting to read the block number
from the data portion of a sector.
127 - Indicates that the data in the buffer was modified during

the read operation.

130 - Indicates that the word in the buffer which is one greater
than the word count was modified during the single sector
read when attempting to read the block number in the data
portion of the sector.

TEST NO. 8 - Random Seek Test

Description:

In this test, a series of 512 seeks to random sectors is performed. After
each seek, the data portion of the sector (which contains the block number)

is read to verify that the correct sector was reached. Subroutine W1l is
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used to perform these operations.
Errors:

131

Indicates that the done flag was not set in the maximum
allowable time when attempting to read the block number

in the data portion of a sector.

132 - Indicates that the CER indicated an error occurred during
the data transfer when attempting to read the block number
from the data portion of a sector.

133

Indicates that the data in the buffer was modified during

the read operation.

134 - Indicates that the word in the buffer which is one greater
than the word count was modified during the single sector

read when attempting to read the block number in the data

portion of the sector.

TEST NO. 9 - Single Block Write/Read Test

Sub-Test 9.1

Description:

In this test, a data pattern that fills the entire sector is written in each
sector - one sector at a time. The pattern used is constructed as follows:
(a) the first word of every sector is the complement of the block number to
help in the identification of an incorrect sector; (b) each of the next
fifteen 16-bit words contains a pattern of alternating ones and zeros
expressed as 1252528; (c) the next sixteen words are all zeros; (d) the
next sixteen words are formed by shifting a zero through a pattern of ones

starting with the zero in the least significant bit position and moving it
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to the most significant position; (e) the next sixteen words are alternating
patterns of 1070708 and its complement repeated eight times; (f) the next
sixteen words are alternating ones and zeros expressed as 525258; (g) the
next sixteen words are a data pattern which shifts a one through a pattern

of zeros, starting with the one in the least significant bit position and
moving it to the most significant bit position; (h) the next sixteen words
are all ones (177777); (i) the last sixteen words are alternating words of
all ones and all zeros starting with the word of all ones. The above data

pattern of 128 words is repeated as necessary to fill the sector.

The subroutine that writes the data on the disk for this test is DRW. It
controls the interlacing to insure that maximum disk efficiency is obtained.
It sets up the parameters for RW. This routine can be used for either reading

or writing.

RW operates as follows: After initiating the write or read operation, it waits
for the done-f1ag to be set. After the done flag is set, the CER is checked
for the occurfence of erros and the Block Address Register value is checked

to be sure it was incremented by the correct amount. The contents of b&ffer
location BUF1 (data) is compared with the contents of buffer location BUF2
(kead/write buffer) to insure that the data was not modified during the write

operation and was read correctly during the read operation.

If switch 4 is set, the computer will print all data errors; if not, the program
will print only the first eight data errors found. The word following the last
wdrd in the read/write buffer is always checked to make sure it was not modified

during the operation.
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The RW subroutine is entered for the write portion of the test from DRW.

This subroutine writes every third or every sixth sector on the disk depending
upon whether a one sector or two sector write is being employed. This inter-
lacing, which requires three passes through the disk in order to write every
sector, is done to provide enough program time to do the necessary comparison

between writes without losing an entire disk revolution.

Between every write operation, the block n-mber in BUF1 and BUF2 is changed
but no other changes are made in the data pattern.
Errors:
135 - Indicates that the controller did not complete the write
function in the maximum allowable time.
136 - Indicates that the CER indicated an error occurred during
the transfer of the data pattern.
137 - Indicates that the BAR did not have the proper value
after the termination of the operation.
140 - Indicates that there was an error in the data comparison
during a data transfer operation. If the first Format Loop
Control digit typed was a one, all errors detected during
this buffer compare test are typed out.
141 - Indicates that the word in the buffer which is one greater
than the word count during a data transfer operation, was

modified during the operation.

Sub-Test 9.2

Description:
In this sub-test, the entire disk is read one sector at a time. The subroutine

DRW is used to call RW. DRW reads every fourth or every eighth sector depending \
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upon whether a one or two sector read is required! This interlacing permits
the checks to be done between read operations rather than wasting an entire

disk revolution after each read operation.

The data pattern in each sector is compared against what it should be to
verify that the write operation in sub-test 9.1 were done correctly.
Errors:
142 - Indicates that the controller did not complete the read
function in the maximum allowable time.

143

Indicates that the CER indicated an error occurred during
the transfer of the data pattern.
144 - Indicates that the BAR did not have the proper value after

the termination of the operation.

145 - Indicates that there was an error in the data comparison
during a data transfer operation. If the first Format
Loop Control digit typed was a one, all errors detected
during this buffer compare test are typed out.

146 - Indicates that the word in the buffer which is one greater
than the word count during'a data transfer operation, was
modified during the operation.

Sub-Test 9.3
Description:

In this sub-test, DRW is used to read the entire disk 1 1/2 sectors at a time
while verifying the data portions on each sector. This tests the multiple

sector read operations.
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Errors:

147 - Indicates that the controller did not complete the read
function in the maximum allowable time. Note that if the
value in the BAR is one greater than it should be, the
error occurred during the reading of the second sector
of the multiple sector operation.

150 - Indicates that the CER indicated an error occurred during
the transfer of the data pattern.

151 - Indicates that the BAR did not have the proper value after
the termination of the operation.

"152 - Indicates that there was an error in the data comparison
during a data transfer operation. If the first Format
Loop Control digit typed was a one, all errors detected
during this buffer compare test are typed out.

153 - Indicates that the word in the buffer which is one greater
than the word count during a data transfer operation, was

modified during the operation.

TEST NO. 10 - Multiple Sector Write/Read Test

Sub-Test 10.1

Description:
In this sub-test, subroutines DRW and RW are used to write the data patterns
described in sub-test 9.1 onto the entire disk in 1 1/2 sector segments.
Errors: |

154 - Indicates that the controller did not complete the write

function in the maximum allowable time. Note that if the

5-26



value in the BAR is one greater than it should be, the
error occurred dufing the writing of the second sector
of the multiple sector operation.

155 - Indicates that the CER indicated an error occurred during
the transfer of the data portion.

156 - Indicates that the BAR did not have the proper value after
the termination of the opeation.

157 - Indicates that there was an error in the data comparison
during a data transfer operation. If the first Format
Loop Control digit typed was a one, all errors detected
during the buffervcompare test are typed out.

160 - Indicates that the word in the buffer which is one greater
than the word count during a data transfer operation, was

modified during the operation.

Sub-Test 10.2

Description:
In this sub-test, the entire disk is read and the data patterns verifieq in
segments of 1 1/2 sectors, just as they were written in sub-test 10.1. The
subroutines DRW and RW are used for thesé operations.
Errors:
161 - Indicates that the controller did not complete the read
function in the maximum allowable time. Note that if the
value in the BAR is one greater than it should be, the
error occurred during the reading of the second sector
of the multiple sector operation.
162 - Indicates that the CER indicated an error occurred during

the transfer of the data pattern.
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163 - Indicates that the BAR did not have the proper value after
the termination of the operation.

164 - Indicates that theré was an error in the data comparison
during a data transfer operation. If the first Format
Loop Control digit typed was a one, all errors detected
during the buffer compare test are typed out.

165 - Indicates that the word in the buffer which is one greater
than the word count during a data transfer operation, was

modified during the operation.

Sub-Test 10.3

Description:
In this sub-test, the entire disk is read one sector at a time and the data
patterns are verified.
Errors:
166 - Indicates that the contoller did not complete the read
function in the maximum allowable time.

167

Indicates that the CER indicated an error occurred during
the transfer of the data pattern.

170 - Indicates that the BAR did not have the proper value after
the termination of the operation.

171 - Indicates that there was an error in the data comparison

during a data transfer operation. If the first Format
Loop Control digit typed was a one, all errors detected
during this buffer compare test are typed out.

172 - Indicates that the word in the buffer which is one greater
than the word count during a data transfer operation, was

modified during the operation.
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MICRD 1613 CROSS ASSEMBLER SCURCE LISTING

Luc

— e

0000
0000

0002

0005
00U7
00uY

0003
o0uD
OVOUF

0011
0013
0a15
uolL7
0019

0018
001lv
QOLF
0921
0023
0025
0nz27
0029

ou?2s
0020
QO2F
0031
0033
i 0uUls
VRN
U39
003y
0030
004F
0041

0043
C045

_ 0001 _

UBJECT ER  STMT  LABEL

ap UPERANDS

* SYSTLCM INDUSTRIES INC.
0002 %= MSI B0OO SERIES UISK DIAGNUSTIC

0003 =%

0005 *

00G4 % DIABLU DISK DIAGNOSTIC VERSION

Z MODIFIED 04/10775

0006 *TU RELLCATE DIAGNOSTIC REDEFINE YEXEC® AND $DDAT!

1000 0007 EXEC
2000 0003 DDAT
2040 0009 BF1
2340 GCLO BF2 _
0011
34 0012
06 0013 __
662000 - 0014
G015 * PAGE
0000 _ . 00l6 _DATAL
0000 . 0017
0000 0018
0000 odl9
0000 0020
0000 0021 (LOs1
A . 802 % PAGE
0000 0023 WCCA
2340 0024
0000 0025 SECTOR
0000 0026
0030 0027 BLOCKS
0028 % PORT
0000 09 TOSK
0000 0030 MTSC
0090 0031 MRSC
0020 0032 SINSEC
0000 0053 MULSEC
0000 0034 FULL
0000 . 0035 WUNIT
0000 0036 DAISY
_ 0037 =
CO03y =
0000 G039  MSEC
0020 . 0Uad ADOKES
Q00 0041 DaVAL
0000 0042 EFG
0000 043 EFL
QU0 0Uu4%4  ERNUM
[V18X910) 004  PURTS
0300 @04 PASSI
JJdoo 0C4T1 LPFORM
0030 043 FOY
0000 004y SFT
0000 00%0  SW
B Qubl ¥ PAGE
LF 32 ‘ 0052 CLSTAT
1EED 0053 SKPDON

EGU  X'1000¢
EQU T x12000°
EQU  DDAT+64

LEQU _ BFL+T768

UKG X'Or-
NGP

JROL
JMP/ DDAIT

ZERU = DATA TRANSFER LUCATIUNS

uc 0 _ R=w CONTROL
be Q WALT TINME
o 0 ERROR VALUE
bC 0 BAR CHK FLG
0 FAST EXIT FLG
bc 0
_ZERD - CUNTROL ,SETTINGS . . _
Le 0
ve BF2
w o
0]8 0
ne 0
PARAMETURS
be 0 U=MUVING FHEAU,» —1=FIXED HEAD
bC 0 MAX TEST SECTOR
be 0 MAX REAL SECTUR
ec 0 BYTES/SECTOK
vl 0 1.5 % BYTES/SECTUR
_0C 0. . U=FULL,-1=LEYS iHAN FULL
[} 0 IN TWO MUST SIGNIFICANT BITS
oC IF LIT 15=1, TEST FIXEL DISC
If BIT 14=1, TEST REMUVABLE DISC
be 0
vt 0 CUNTROLLER DEVICE CGUE
v 0 O=FIXEL, 8000=REMUVAULE
0e 0
uC o
oc 0
ol 0
uC 0 i
Gc 0 {F NUT 0, FURMAT FOR EACH TEST
ot 0 IF NOT O, FURMAT ONLY
e 0 1F NOT 0, KUN SPLCIAL FORMAT TE
bl 0 '
JERO = 11 ROUTINE LGCATIUNS
uc ELST - CLEAR STATUS
Le CLKDN SKIP UN NUT DUNE .IN 6MS
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0oo0o
0ol
oGu2
0003
U004
00uS
Cody
ocul
cauvh
GU Y
00l0
Coll
001¢e
guls
Glulae
0015
Qulob
0017
0018
0019
0020
co21
022
0023
CC24
0u2s
0026
0027
G028
0024
0030
Qu3lL
0n32
cn33
0024
G035
003¢
Qo317
Gozo
039
2049
0041

00473
006 %
(SN}
00G4ab
0047
GC48
ouay
0050
GOs1
0052
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VICRO 1613 CROSS ASSEMBLER SCUKRCE LISTING

Lac

0541
C049
0048
004D
004F
0051

0053
0055
0057
0659
0058

0032
00u2
0084
QLUL
0us8
00LA
ooec
008E
0090
D094

G094
00%6
0093
009A
PREIS
[RE
0J3AQ0
00A2
00AS
0078
[RIVERS
QOAA
00AC
00AE
0030
0032
Quity
00306
0083
0JBA
03¢
DI IS
SRIWN
39 2
0004
9200
0oL 3
DOCA

00Le

UBJECT

LEES
1F09
1LEZA
1+54
LF&60
1F3D
1F49
1FO!
LF6C

1F9E

1FRD

1009
10C9

ivcy

L0C9Y
10C9Y
0200
lE40
1E4C

1028
1DY9
1B6E4
1C19
1663
153
1E58
1E9A
181
18639
1AL
178
1C95
1CAD
1852
1337
1890
100E
1C50
Lo
1C714
1C27
143
LoCY
12C0
1CtE
1:CA
Lu62

1000

ER

STmT

005%

10055

00%0

LEYS

Qucs
00%9
ClLoY
006l
C0o62

0063

0064
0CL5
0060
00617
Q0ué
0069

“voro

GoT71
oo72
0073
COT4
Q075

0016

oory
0078
0079
Q089

00n1

v i2
0083
00864
0045
0036
0067
0063
oG9
0042
0091
0U0Y2
00493
0094
2099
0090
0097
DR
QY9
0100
J1idl
D102
0103
0104
9105
0106

LABCEL

RUSTAT
ROUAR
LDCON
LOAD
LDUR
T0LS
IWCCA
RSSR
RESET

Tle

TO.
%*

GP OPERANDS
BC  ERT
be ERB
ne ELCUN
LuC  ELR
DC cLw
uc EULS
vC  EInC
Le ERS
De EIO
vC TiIN
ue TOT
ORG x1g2e
oC ILTRP
e ILTRP
uc [LTRrP
DC ILTRP
(o] {LTRP
o] X1200¢
T DC PwF
oC PwS

# PAGE
TERR
HLTLP
TDATY
TACD
SALOD
W1 TE
AD
M12
CLR2
TOIS
TENA
TIexX
TSI
TSRS
TCI
CRLF
TQu
TYPWD
TSH
TIS
TTAB
TCNB
Mo
IT.
Hl.
HO.
ES.
PO

OrG X'94¢t

ZERU - SUBRUUTINE CALLS

DC EERR
0C EHP
e EDAT
Ut ETOD
0 £ SCAD
uC  EXwWK
e EXRD
uc ENL2
LC  ELZ2L
0C EulsS
uC ECNA
uC EIRX
oe SRl
vC SRB
DL ECH
e ECF
8]0 £Q
0C EaD
0C ETSB
0e TiS
1 ETD
uC Ces
0C 1MoV
ue LLTRP
vC HX [
e HXU
ne ESP
0c ETP

% MAJOR TESTS

£Xe

ile £xeC

182

182

PEAD >TATUS

READ BAR

LGAD CUNTRUL

LUAD BAR & READ

LOAD BAR & WRITE

SEEK

LUAD WORD CNT/CUKRENT ADD
READ SEEK STATUS

MASTER RESE] CUNTROLLER
TTY IN

TTY GUT

DISABLE
ENABLE

SSR =—m—m
SSK SB =——==[§==—m
CER==—

TYPE 4 HEX

se

Is

BAR SB===—=[§=—=m
CER Sb—===15-——-
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00Y3
0054
0055
0056
G057
0058
0059
0060
0061
0062
0063
0064
Q065
0006
0067
00064
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0931
0082
0083
0084
00uLS
0086
w0387
0088
00439
0090
0091
0062
0093
00%4
00Yv5
0096
0047
0298

0099

0100
0101
0102
c103
0104
0105
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Loc

_0JCE
“0090
0002
1000L4
00v6
. 0003
_00UA
§OODC
00Dk
F00E0
00E2
00t4
_00E6
00ES8
_COEA
_005C
00C¢kE
00F 0
1090

©1000
1002
1004
1006
1003
1008
100v
_100F
1011
1oi3
_1015
1017
1019
_1o1cC
101¢E
1020
1022
1024
1320
1029
1024
1020
_102F
1031
1033
1035
10374
1039
1933
1330
123r
1041
1J43

OBJECT ER

1995
1094
1155
1198
lite
1418
1658
1700
1757
1792
1703
151i¢
15983
12i:E
0000
2401
6zEA
0096

g

SACE
0AUO
6AD2
5AD4
£E72000
F106
EQ37
FLl6E
6ACD
0000
0018
0010
373434
EOLR
1911
EQ21
2807
1193
372401
EQ2F
1934
E029
1C32
33LEC
6ACA
65A32
EOLF
F028
6AUb
EOLD
r023
£018
1333

STHMT

0107

Qlu8
0107
0110

"0l11

o112

0113

Olla
0l1l5

_0ll6

oiL7
olL18

0119

01¢0
o121l

QlLz2

0123
0124
c125

0léo

o127

0126

0129
0130

0131
0132

o133

Ul3ae
0135

0136

o13r

J138
0139

Q14D

0l4l
0l42

LABEL

PAL.

cT.
‘N.

wc .. R

LA.
FR.

wRe e

SA.
RN«

BD. .

MU
F'
.Rw. -
L5,
SCv

L4l

op.

LRA

DS
GRG

& EXECUTIVE

0143

0l44
2145
O14o
014l
0148
0149
01590
o151
0152
0153
0154
0155
0155
0157
0153

o159

EX1

RTJ*

RTJ%
RTJ*
LDA=

LDA
STA

RTJ%

o]
D

T D

LDX=
LuA
NALZ
1.DA

ALA

JAZ
LOX=
LA
NAL
LDA
NAN
STX
RTJ*
RTJ*
LUA
STA
RTJ*
LDA
STA
LDA

T NAL

JMpx”

RTJ%

Sta

OPERANDS

 PARAM
CrsT
17ST
WiST
LAITST
FTST
Wil
SABTST
RANTST
(BDATST
MDST
F15
Ls
0
1

6
EXEC

Gy

"ROUTINE FOR MS1 800 COMPUTERS

pA.
CT.
INe
WC.
DDAT
£zl
PORTS
EX3+1
M.
o]
TDSK
MSEC-TDSK
X¥3434°
TUoK
EX1
SINSEC
7
E+5
X'2401°"
DAVAL
EX1
DAISY
NEXT
SCve2
TPO
CRLF
MRSC
MSEC
L‘\O
MTSC
HSEC
TDSK
*#+10

" GET PURT PARAMETER

GET PORT PARAMETERS

TINTERRUPT TEST

WORD COUNT & CURRENT ADDR TES

OVERLAP SEEK - LAIL TEST

__CONTROL & ERRUR REG TEST

04/10/175

0106
o107
oLos8

0109
oil0

Ol1l
0112
0il3
Ol1l4

0115

0116
oi17
o118
oL19
01<0

o121

0122
0123
0124

" 0l¢Z5

0125
olzt
o128
0129
0130

0131

0L32
0153

0134

01135
0136
0137
01138

0139

0140
Olal
0142
0143
Ol %%
Olas
0146
Olal
0l48
0149
0150
0151
0lb2
0153
0154
Ccl155
0156
0157
0158

PAGE Q003
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D3JECT

BREE
AO3NB
1102

; 6ADLY

OADA
_0304D
QU0
0001
CEV39
AQ3B
1102
6AC
T6ADE
6ALO
0AL2
TEQ2F
190A
EQ2Y
260l
1iva
FOZF
L1400
0d
EFOO0
FC2F
ElYn
AlYD
F197
7901
ET0000
193E
t03y
110A
EFO0
FU39
EO3B
1902
GAAL
661002

0000
08
EFO2
693¢
bA4B
6A47
QO TF
6ABLE
0CO1
61F2
BELLLF

ER

STAT

QL5H0
Olol
Olo?2
0OLH3
Olos
0lob
0la6
Olo7
0l68
0lo?
0L/0
0L71
0172

ol

017+
Q175
Ol/o
oL77
01738
0179
0189
Ccl81

Q1B

oLyl
Olba
0l3>
Oloo
0Lu7
0138
0189
0199
Clsl
0192
J193
Olya
0195
0195
0197
0193
019
0220
0201
0202
0203
0204
Q205
0290
0207
0208
0209
G210
0211l

0212

LISTING

LABEL QP OPERANDS

LA PASSL

ANA LPFNRM

Jad Fth

RTJ*  FR. FURMAT
FONE WOx:) dRITE/READ TEST

RIJ*  WR.

vC X'00400

oC 0

uC 1

LDA PASS1

ADA LPHFORM

JAZ k44

l{TJ* SA' S, -en -

TTTURTJ¥ O RN )

RTJ* A0

RTJ* MO,
NEXT LUA DAVAL

NAZ £X5

LDA DAISY

ALA 1

JAZL XS

STA UAVAL

JMP £21-2
EX5 RO1L

LDV= #H*Q?

STA UAVAL

LUA 21

ADA E2l+a

STA £l

vnM EX3+l
EX3 LDA= O

NAZ £ei-2

LUA PASSL

JAL EX4

LDV= H'O*

STA PASS1

LDA LPFORM

N&Z *+4

RTJ*®  TDIS
EX4 JMP/ EXLC+2
* CUONTRUL AND ERROR REGISTER TEST
*
crsT  oc e

ROL

Lov=  H*'2?
c2 Ky RGTRT

BRids  LDCCN

R1J®  RDSTAT

0C X1007F*

RTJ¥* TCNB

DC 1

JMP c2
€3 RTJ/ TRORES
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0159
Ol\io
Olol
0162
Oloe3
0l64
0lo5
Oloe
0167
Olud
0169
0170
o171
oL72
0173
Ol 74
0175
0l/76
o177
0178
0179
0180
clyl
ola2
Olu3
Olba
Olsb
clee
0187
0128
0169
0190
0161
0192
0193
0194
0195
Glee
0197
0198
0199
0200
0201
0202
G202
0204
0205
0206
0207
0208
0209
0210
0211
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LOC

_10aa
10AC
10nE

_ 1010
1082
1034

- 1080
10138
1034

_10d0
1OBF
10C1

_loC3
10C5

1007

_loCy
1008
10CV

_10CF
10ul
1003

_lous
1007

10VL9
Jlobe
loub
100F
10E1
10€3
10F4
..,l OLo
10E8
10t9
10EA
108
108D
100F
1041
10F3
1+
10F 6
13785
C1aFA
“1orC

GBJECT

6A47
FEO3
6bABE
0002
61F3
1404
2001
olDF
£70101
691A
65A4B
OA4T
OLTF
6ALE
0001
6lF2
6B0B
6Aa41
Ol17F

bABE

0002
61F 4
6388

¢0no
F12F
lEA
6931
692F
14

Fl28
€124
D4

44

44

89EC
Fl21
B11D
1100

FlQe6
ESV2
65nu9%
Elia

0u00

ERr

STMT

2ls

0cl4
0215
0216
0217
0218
0219
0220
0221

0222

0223
0224
0225
0226

227
0223
0229
0230
0231

LABEL

0232
0233 -

0235
0236
0237
0238
0259

240
0241
0242
0243

0244

0245
0246
Qead
0248
0249
0250
0251
052
0d53
0254
0255

o 02o4

up

CRTJE

JNpE

OPERANDS

RDSTATY

T X'FEO3Y

TCNB

2

C3
45

1

ce
Xvi01t
RGTRT
LOCUN
ROSTAT

CXTOLTRY
TCNB

1

C1
C3+1
ROSTAT

XtOL7FY

TCNB
2
Ca

#REGISTER TRANSFER TEST
®CALL LDA=VALUE

*

0256

0251
0e¢58
0259
0260
02¢l
02¢2
02¢3
0264

10265

RT4

R1J
ATy

RTJE

V]
RTJ*
De

pIe

5TA
LOX
RTJ

CRTY

ANA—
STA
LDA

ANA—-

INX
INX
STX
SiA
SBA
Jid
LbA-
STAa

CLUA+

RTJ*
LDA

b

RGIRT
LUSER
ROSBR

RGTIRT,
RT1+4
PTL1¢2
RT3

RT4

TERR

RT1+4
-5 :

Crgp ™ T
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0219
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0222
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0224
0225
0226
02¢17
0226
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
024%
0245
0246
0247
024%
249
0250
0¢51
0252
0253
0254
0255
0256
0257
c25¢
02%9
260
026l
0262
0263
0264
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LGC

10FE
1100
1101
1102
1103
1105
1107
1108
1109

1108

110C
1112
111%
1115
11i7
1118

1119

1118
1110

111iF
1121
1123
1125
1120
1127
112%
1124
112C
112D
112F
1131
1133
1134
1136
1137
1134
1139
1138
113u
113E
1140
1142
1144
1146
1148
1149

T l14A

08

oBJLCT ER

3109

0000

Fl2F

g lFA, [ o e
E4

44

44

89F5

Fi05

6AST
29€0
0000

81E9
D4
“4
44
89E4
1109

F 104
£EH02
6AI4
0000
8107

46

STMY

02506
0267
0263
0209

‘0c10

0271
0272

0213

0214
Gei5

0276

Q217
0273
0279
0280
0z81

0282

0233
02v4
0285
02to
9287
0284
02s9
0290
0yl
0292
0293
02%4
0295
0296
0297
0zv3
0299
C300
0301
0302
0303
0304
0305
03006
0307
03038
0309
0310
0511
0212
0313
0314
0315
0316
0317

0318 T

LABEL GP

Lox
RT3 RO4
AnX
RO1

JMP
INX
INX
Loa

JMp-

RTL Ds

RT2 DC
LA~
STA
InX

INX
LDA

RTS uC
JMP%

# CALL RTJ

% . RTU=

* e

* RTJ*

* oC

RGRES ULC
STA
LUX

INX
INX
STX
STA
OIN
SR INES
(B A
RR2 [¢]
EIN
LDX
ENA-
COINX
ITinX
STX
JALZ
LDA-
STA
LDA+
FTJd*
(o]
RR3 LDX
RU4
AdX

LT T

CRTUE

LuA-

KOl

OPERANDS

RGIRT

44

RT1
0
RT2

T % REGISTER RESET TEST — SAVES AC

RGRES
RDSER
MASK
TYPOUT
ERRNO
%
Rikl#l
RGRES

N

RGRES

04/10/75

0255
0266
0267
0268
0269
027¢
0271
0272
0273
0274
02175
0276
0271
02174
0279
0230
0281
c282
0283
0284
G285
0286
0261
02¢8
0269
0240
0¢S1
0292
U293
0294
0295
0296
0297
0295
0299
0300
0301
03¢c2
0303
0304
0305
0306
0307
03038
0306
0310
0311
0312z
0313
0314
0315
0316
0317
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MICRU 1613 CROSS ASSEMBLER SOURCE LISTING

Loc

1148
1140
114F
1150

T 1151

115%

1155

1157

1158
115A
115C
115F
1460
1162
1163
1165
Lise
1169
1108
116U
llot
1170
1172
1174
Iilo
1179
1174
117C
117E
1130
1132
11384
1185
1136
1187
1134
1180
118=
1190
1192
1194
1195
1197
1199

1198
1.9

1A

OBJECT

6A96
O6lL02

44

44 o
E 10000
b4

0000
08
€020
2801
ATO100
4C
8926
E4
Flzo
ET11u84
ta
Y- N1
39E0
05
£EF40
6A4H
Et4l
6EALH
87+E20
45
18FD
EFO3
0AG4
0ABO
6103
Q4

04

04
LT70200
E70000
Fa
EFJ0

F 880
O0A4H
0%
6AY L
61CY
L3BA

0000

g711cC

FOL1L

ER

STMT

0519
G320
0321
0322
0323
0324
0325
0226
0327
0528
0526
0330
0331

0332

0333

0334
0335

03306
0337
0338
0339
0340
0341
0342
0343
C344
0345
0340

0347 T

0342
C349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
03560
0361
0362
0303
G304
G3ud
03060
0307
03463
0369
0370
03171

LABEL (P

RTJ*
JMp
INX
1NX

KRR LbA=T

JMP-
*

OPERANDS

HLTLP
4

*INTERRUPT TEST

*

Arst _ue o
RUL

LDA
~ALA
AuA=
TAX
170 LDA-
STA
LDA=
STA-
RTJ¥*
(S1-¥
EIN
1LDvV=
kT J%x
Lov=
R J%*
LUX=
LDCX
NXZ
LDv=
BT Jx
e
JdMP
1Tl UIN
DIN
DIN
LOXx=
172 LDA=
STA-
LOv=
STV
RTJ%
EIN
FTU*®
JHp
JMp=
=

AWORD COUNT

*
WTST oe

LDA=

TSTA

* %

ADDRESS
X'100*

T2-2

[T2+1
111

RESET
7,0

X140*
LDCON
X141
LOCUN
F120000°*

#-1
Hl ,3'
TERR
TCl
1712-3

FOR 820

0
0

H'Q
x*gop? RESET STACK POINTER
LUCON

HLTLP

170

1751
& CURRENT ADDRESS TEST

%%
Wi3

S WCCAT

04/10/15

0318
0319
0320
0321

PAGE 0007

0322 ST

0323
6324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338

0339
0340

0341

0342
0343
0344
0345
0346
0347
0344
U349
0350
0351
0392
0353
0354
0355
0356
C35¢
0358
0359
0369
036l
0362
0303
0364
0365
0366
0361
0368
0369
0370

-



MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LuC

l14ag

T 1143

11A5
1147

T 11A9

1148
I'1AE
1160
1163
1165

1187

1189
118C
11bE
11C0
11c2
11Ca
11Co
11C8
11CaA
11CC
110tk
1100
1102
1lva
1106
1109
11iub
110Dk
11E0Q
11E2
1it4

11E6
lits
11c9
1168
11tC
11t0

CL1EF

11¢1
1182
11F
11t o
1L1FS

TliFA

11F8
11F0
11FE
1200
1201
1203

UBJECT ER

08
EFQ0
5910
EFFD
6600
ETAAAA
6907
E75554
6902
63E4
0000
oE10D9
6A11
0A49
TFFF
6ABC
00C4
O1lF1
63E0
3960
0000
Fl0C
E1F8
AQ20
F10C
DIFFLF
F103

c 70600
0090
2C08
0000
636

0000
08
EFFB
4C
4F
£027
2002
4C
EFO1
1307
2804
2104
45
18F9
0B
F8FO
08
6A55
VOFO

STmMT

0372
0373
0374
03145
031406
03177
0370
0379
0560

03861

0382
0383

0384

0385
0380

03b7
036y

0389
0390
0391
0392
0395
U394
0395
0390
0397
0398

03469

0400

0401
0402
u403
0404
0405
0406
0407
0408
0409
04190
041l
V412
0413

W4el4.

0415
04lo6
0417
O4lu
0419
0420
0421
0az2
0423

T 0424

LABEL GLP

kel
LDV=
RTJ
LOV=
kTdJd
LUA=
TJ
LUA=
RTJ
~ JMPx
WT2 e
RTJ/
RTJ*
RTJx%
(510
RIG*
0C
JMP
JMPE
(B A
WT3 be
5TA
LDA
ADA
STA
ANA=
STA
LDA=
ue
AR L
vc
JHp

£
LAITST oC
RG1
LDV=
TAXK
X
LUA
LLA
TAX
LDvV=
JXZ
ALA
LLg
LCX
NXZ
RO%
STV
RU1L
L22 RTy%
7 ANA

UPERANDS

H'O?
wi2
Ht..3'
wWl2
XYAAAA?®
WT2
X*5554¢
Wwl2
WIST
RGTRT
WCCA
RO3AR
X1T7FEET
TTAB

4

WTZzZ+2
Wiz

3+0
*+14
Wi3-2
AUDDRESS
¥+14
X'FFLF?
x+5

4]

0

8

0

Wi3

¥LOGICAL ADDRESS INTERLOCK & OVERLAP SEEK TEST

X%
H1=-81t
UNIT
2
AN

®49

2

&
4

*-5
L4l

RSSK
Lal

04/10/75

G371
0372
0373
0374
0375
0376
0377
0378
0379
03460
0381
0382
0383
03864
0365
0336
0387
0338
0389
0390
0391
0392
0393
03%4
0395
03906
0397
0398
0399
0400
0401
0402
0403
0404
v405
0406
0407
04u8
0409
0410
0411
0412
0413
0414
Cc41%
04l6
0417
0418
0419
0420
0+21
0422
0423
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MICRO 1613 CROUSS ASSEMBLER SOURCE LISTING

Lec

1205
1207
1209
1298
1200
120F
1211
1213
1215

1217

1219
1218
1210
121F
1221
1223
1225
1227
12729
1228
1220
122F
1231
1234
1236
1238
123A
1250C
123F
1241
l244
124¢
1243

1244

1248
1240
124F
1251
1253
1255
1257
1259
12508
1250
125F
1261
1203
12565
1267
1i69
1203
1259
12oF

OBJECT

11006
EFO5
6A94
6AAC
6A906
O01FQ
EFQO
FOLS
oAST
390
6ALS
DOF2
FOF4
LEFNO
6AS |1
[V )]
2001
F109
2001
Al105
Fl03
6A55
075300
1106
EFD6
6A94
6AAC
ETFCED

ER

FLlF1
HEL12C5
1108
ElEA
43
19F4
eF86
6A94
OAAC
0AJ06
61CA
E028
6839
0000
0004
0U01
0007
6lF2
EFOOQ
6B28
0C00
0000
0CO1
00JaD
H1F2

STMT

0429

S 0426

0427
0420
0429
04390
0431
Qais2
0433

0434

0455
04306
0437

. 0433

0439
0440

C 04l

0442
0443
Cans
0445
Q446
Q4al
Ou4ad
0449
0450
0451

0ab2

0453
04b4
0455
04506
Qad7
0458
0459
0460
0401
0462
0463
Cho4
0485
04606
Q407
0408
G409

0470

uaTl
0472
0473
0414
0475
0476

T 04T

LABEL

T3

L31

L2

L32

L34

ap

JAZ

Ltov=
RTJ*
RTJ*

TRTJE

JMP
LDV=
STA
RTJ*
0B8A
RTJx
ANA
STA
LOvV=
KT J%
LDA
LLA
STA
LLA
ADA
STA
RTJ%
ANA=
JAaZ
LDV=
RTJ*
RTJ*
LDA=

STA

RTJ/
JAaL
LUA
INA
NAZ
LovV=
KT Jx
RT %
RTJ*
JMpP
LOA
RTy*
ocC
DC
53168
ve
JMP
Luvs=
RTJ=*
ve
bC
0c

iy«
-

T JmMp

7'0

OPERANDS

L3

He5t

TERK

TSI e e e o4 e
HLTLP

L22

H'0*

SECTOR

RESET

ROSR™
L4l+2
L4l+4
H'OY

oLs

L4l

) e
L2+1

1

L2+1

L2+l

R3SR

0

L32

HY 6

TLRK

TSI

Fr—68.3"

L2+1 TIME OUT 300 MSEC

L7
L34
L2+1

L32+3
Xtp6'
TERR

TSI
HLTLP
L31

MSEC

L4A

04/10/75

042%
0425
0426
0427
0428
0429
0430
041
0432
0432
0434
0435
0436

0437

043¢
0439
0440
0441
0442
0443
0444

0446
0447
0448
0449
04%0
0451
0452
0453
Ca54
0455
04956
0457
0458
0459
0460
04061
0462
0463
C4e04
0465
0466
0467
G408
0469
0410
0471
0472
0473
0474
0475
U476

0445
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MICRO 1613 CRUSS ASSEMBLER SUURCE LISTING

LOC OBJECTY

1271 EFFF
1273 AQ2B
1275 6616

1277 0000
1279 0090
1278 0001

1270 0013
127F 61F0
1281 EFO1
1iso FOLL
1285 6A53
1237 €027
1289 2005
1282 6A4B
1280 EFFF
128k A028B
1291 5E134D

1292
1294 0002
1296 0000
1248 0000

12948 0019
129C 6LEF
129t E027
1240 2602
12A2 4A

2A3 43
1,44 AFO3

TeAo 2003
12A8 bA4B
12AA EFFF
1280 AUZ2B
12AF LBte
12 0000
1282 0000
12v4 0G00
1286 NOLF
1203 61F0
L2eA EU27
1250 2005
1288 ohaB
12C0 6910
12C¢ 6T11E6

1205 0000
1207 EFFB
12C9 48

12CA 19FD
12CC 6455
12Ct DUFO
1200 03F3
12u2 0000

ER

STHT

04178

04719

Ca80
04btl

0482

€483
0484
0435
04ED
0431
0488
0489
04690
0449l
04%2
0495
(A2
0455
0496
04497
0493
0469
0500
C501
0502
0503
0504
05uUb
0506
0507
0508
0529
0510
6511
Uo12
0513
0514
0515
0516
0517
09%Lo
051v
0520
0521
0522
0523
OUbl4
0925
05206
0527
0526
0529

© 0530

LABEL (P

L4A EQU

DC
JMP
LOA
LLA
RTJy¥®
RTJ
JMP=

%292 USEC

L7 o]¢
Lovs
XN;\
NAZ
R ok
ANA
JMpx

Le  bCc

GPERANDS

H'-11?
MSEC
L&A

0

0

1
X*0013"
=14

Hl 1‘
weca
IWwCCA
UNIT

5
LOCON
HY—11
MSEC

L4

=2

2

0

0
X*0019°"
*-15
UNIT

2

HE3e

3
LUCUN
”0,-1'
MSEC
L4A

0

0

0
X*0C1F?
*-14
UNIT

5
LUCON
Lé
LAITST

C%WAIT 300 USEC & READ SSR

P

Hi=50

31
RSSKR
L4l
L7

Tk

04/10/75

04717
0478
0479
0460
0481
0482
0483
0484
04065
0486
04u7
0486
0489
0490
0491
0492
0493
0494
0495
0466
0497
Cc498
0499
0500
0501
G502
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
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MICRO 1613 CROSS ASSEMWALER SOURCE LISTING

LuC

120%
1206
1208
120A
120¢C
1208
12€0
1262
12E4

12€6

1268
12EA
12EC

12tE
12F0
12F 1
12F3
12F¢4
12F6
12F 7
12Fy
1217A
120
124D
12k
1300
1302
L1oJa
13006
1304
1304
1300
130F
1311
1313
131>
1317
1319
1318
1310
131¢F
1321
1323
1325
1327
1329
132¢
132F

UBJECT ER

E028
FOLS
6914
6A4D

050¢
0025
OlF6
690A
6A4F
05DC
0028
6lFb6
63k4

0000

31FB
Ee
F10C
46

£4
FLL11
46
d9F L -

5A57
39E0
2099
6A4 >
611F
7901
E70000
19F5
EFO2
A3UR
7109
7107
5A94
0AB30
6AAC
OA96
63C0
71C8
71C9
63C7
6A4T
D7FFO63
878901

STuT

0531
U932
0533
0534
0535
0536
0537
0538
0539

0541
0542
0543
0544
0545
0b46
U547
0848
0549
3550
0551
0552

S 0553

0554
055%
0556
0557
0558
0559
0500
0561
0562
0503
0504
0565
0550
0567
055638
0564
0579
0571
05172
0573
05174
In(5
J576
0577
057y
05179
05872
0%&l
o582
0583

LABEL

0540

*CHECK
*CALL
x

.
*

LS

L50

L51

L53

L54

L52

upP

LDA

CSTA

RTJ

_RTyx
uc

DC
JMp
RTJ
RTJ*
e
e
JMP
JMpx

Fris5000

UPERANDS

MSEC
SECTOR
LS
LORD

X10025¢*
=y

LS

LUWR
F1'150G*
x10028°*
*=-8

L6

FOR LAI ERROR GENERATION

RTJ
RTg*
0C

bC

bC

KO2
LUX
LDA-
STA
AW X
LDA-
STA
AWX
5TX

TROL

RTJ%*
ORA
0C
RTJ*
JMP
LM
LDa=
NAZ
LOV=
ADAX
IWM
TwM
KT J%
RTJ*
RT 4%
RTJ%
JHMP=
Twh
[am
JiMpx
RSBV
ANA=
LDX=
X8

L5
SLEK READ/WRITE
WAIT IN 200 USEC UNITS
ERRGR NOU.

T

RESET
1.0
%%
SYPDUN
L52
Lol+l
0
L50+2
lel
LS

LS

L5
TERR
1Cl
TS

04/10/75

0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
0540
0541
0542
0543
0544
0545
0546
0547
0548
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0559
0560
0561
0562
0563
0564
0565
0506
0567
0563
0569
0579
0571
05172
0573
0574
0515
0576
0577
0578
05173
0530
0581
0582
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“ICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LGC

1330
1331
1333
1335
1337
1339
133A
133C
133¢c
1340
1341
1343
1345
13417
1349
1343

1340
134F
1359
1352
1354
1356
1354
135A
135C
155F
1301
1363
1365
13067
1309
1308
L5V
135010
1371
1373
1575
13717
1379
13173
1370

C137F

1331
1334
1380

71333

0BJECT

43
EFOL
1a0C
E027

2002 T

4C

6A55
1505
2404
45

13F8
DFO4
LICA
71A5
71A3
6100

0000

Fl67
GA4 3
ELlbU
AQ20D
F119
F12E
AT0040
F10E
F123
€190
F150
EFJ0
Flbe
tl14aC
6AH L
0J-JV
2304
0020
DCFO
1902
7142
T1sA
£E138
LSLE
c7FC18
131
0000

2808 " 8T

STMT

0564
9935
05¢6
0567
053¢
0539
0550
0591
0592
0593
05G9%
0595
0596
05457
0598
Q599
D600
05601
0602
G603
0604
0605
06006
0607
06038
0609
05610
00611
uol2
0613
0614
0615
0ulo
06117
618
0bl9
Q0629
0621
3622
Jols
0bl4a
06295
0626
Q627
Dold
0629
05630
0631
0032
D633
A6t 34
0035

00636

LAEEL

=LAl &
®*CALL

3 3 3 & 3

L43

L4s .

uP OPERANDS
Xl(b .
LOV= H'1?
M8 LS3
LDA JNIT
LLa 2 '
TAX

CKRTJ¥  RSSP
JXx7 *+7
LRA 4
DCX
NXZ *=3
ANV= X'4!
JALZ L93
TwiM LS
IWwM LS
JMP L54
GVERLAP? SEEK TEST
LDA=SECTUR
R1J L4
oC BUSY VALUE
0C HOW VALUE
LC DUNE VALUE
b ERROR
DC %
RUOL )
STA L42+6 SECTCR
RTJ%x  CLSTAT
LDA L42
ADA AUDKES
STA La5+4
STA L45+4
AUA=  X'0040°"
STA La3
STA L45
LA L4242
STA L42+4
LDV=  H'0?
STA L42+10
LDA L42+6
FTJ%  10LS
uC Q
ALA 8
9] 0
ANA L4l
NAZ *+4
1HM L42+10
T L4214
LUA L42+4
NAZ L4323
LUA= F*'=-1000"?
STa L42+4
104 Q
ALA 38

04/10/75

0533
0534
0585
0534
0537
0588
0589
0590
0591
0592
0593
0594
0595
0596
0597
0598
0599
0600
Qudl
0002
0503
Cou04
0605
0606
0607
0608
0609
0610
0611
0612
0613
0514
Q0lS
€oi6
0617
Cula
Co6l9
0620
0621
0622
0623
0624
00625
0626
0627
0623
0029
Goi30
0631
0632
QL33
Cb34
0635
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MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LOC QO8JECT ER STMT LABEL GP JPERANDS 04/10/175 PAGE 0013
138A 0000 0037 DC 0 0636
133C F1ZB SYY:) STA L42+6 0637
138E DOFO 0039 ANA L4l 0638
1390 Llak 0640 JAL Lal o 0639
1392 E125 0641 LDA L4246 o C 0040
1394 DOF2 0642 ANA  L4l+2 Ob4l
1396 BOF4 0643 SBA  L4l+s 0642
1398 1125 0644 JAL  L4s-s5 T e 0643
1394 3181 0545 LOX L4 0644
C139C 0A D64 RO3 ) 0045
1390 46 0647 AwX T 0646
139E 46 0044 AWX 0647
139F 08 0649 KUl 0648
13A0 #9AB 0650 STX L& 06449
1342 EFO2 0651 LDV= {129 0650
1304 A4 w2 ADA- 0651
13A5 6A94 0653 RTJ&  TERR } 0652
1347 EOF4 0654 LOA L4144 0653
13A9 6AAE 0655 RTJ¥  TSRB 0654
13A83 8LAQ 0656 L4b6 LDX L 0655
13AD 6A96 0657 #TJ%  HLTILP 0656
CL3AF 6502 0653 JMP+ 2 0657
1381 60504 0659 CUMP+ 4 0658
1333 3100 0060 L42 IBA 0,0 0659
1385 FFFB 0661 vC Fi1-51 0600
1387 0008 0662 DS R ’ 0661
13GF EFFJ 0663 LDV= H'-9¢ 0662
13CL 48 00664 INA 0v63
13C2 19FD 0665 NAZ =1 B 0664
13C4 [11F1L 0666 L44 IWH  L42+4 0665
13C6 ELEF 0661 LDA L42+4 0666
13C8 198C 0668 NAZ  L45 0667
13CA 8131 0669 LDX L4 0664
C13CC 44 0670 L48  INX 0669
13CL 44 0u71 INX 06170
13CE 44 0612 INX 0671
13CF 44 0673 INX 0672
1300 44 0674 INX 0673
1301 44 DoiS INX 0674
1302 8B81A 06 15 STX*  L4B 0675
1304 A4 varir ALA- 0616
1305 6A94 0678 RTJ¥  TERR 06177
1307 E1DE 0619 IDA  L42+4 0618
1309 1102 0630 JAZ 4l 06179
1308 6ABO V63l RTJ%x  TCI 06890
1300 6AAC 0582 CRTJ¥ o 0si 0681
130F olCA 0b43 JMp L4b 0682
13EL EO27 0634 L&7 LDA  UNIT 0683
1363 2004 0685 LLA 4 0684
1365 F903 0686 STV 45 0635
1307 E1DO Doy LDA L42+6 0686
1se9 2C00 0638 _ ARA O . 0637
133 FlC 0689 STA L42+6 0688



MICRD 1613 CROSS ASSEMBLER >SJURCE LISTING

LuC QBJECT ER STHAT LABEL 0P OPERANDS 04710775 PAGE 0014
1360 8o134D 29699 LDX/ L4 . 0689
13EE 0671 L48 £QU *=2 0690
13F0 EFOZ 0692 Lbv= H2Y 0691
L 13F2 0iCS 0693 ANA L L42¥6 L . : 0692
13F4 B4 0694 SBA~ T T T e S T T 0693
13F5 1104 0095 JAZ  *+b 0694
13F7 £FO3 . 00Ys ] LDV= H'3* _ , 0695

13F9 6101 ' 0697 JMP  L48 0696 .

13FB 44 0694 - INX : 0697
. 13FC 44 ... . Cowy o INX o e T .. 0694
L3FD EFO04 0700 LOV= H'4* o T 0699
13FF D188 0701 ANA L4246 0700
1401 B4 ) 0702 SBA- 0701
1432 1108 ' 0723 JAZ  *+10 ‘ 0702
1404 EOLB 0704 LUA  TOSK C793
1405 1904 U795 MAZ %46 A , 0704
T 1403 EF04 0705 ) Lov= H'4' I o ) T © 0705
140A 6lC2 o707 JHP L48+2 07066
140C 44 0708 INX 0707
T 1400 44 0709 INX : 0708
140€ 6A47 0710 RTJ% ROSTAT 0709
1410 DFOl cril ANV= HLe o o ‘ _ 0710
T 1412 B4 ortL2 SBA- o 0711
1413 44 0713 INX . 0712
L4ls 44 o714 InX 0713
D 1415 119e Gll5 JAZ  L46%2 : ' 0714
1417 EFJ5 9716 LOv=s H'5? . 0715
1419 6137 orL7 JMP L4840 0716
) 0713 #*FORMAT TEST (FOR MOVING HEAD DISKS ONLY) o - o o o717
0719 * oris
1418 0600 0723 FTST  DC *% 0719
T 1410 GAEY 0721 KTJ®  F. 0729
S 14cl 0GOSO 0723 - nc 0 B S S 0722
1423 0026 0/ch be X*0028" - co 01723
1425 6ADA 0725 ’RTJ%  WR. 0724
1427 0330 0726 DC X'003D! 0725
T 142y 0000 07217 ue 9 0726
1428 0001 0728 oC 1 07217
1420 EQSD o 6729 tbA  FOY ‘ ' o A 0728
142F 1103 0730 JAZ  =+5 0729
1431 6Gl4AA 0751 JMp/  F3 0730
1434 EO028B 0732 LA MSEC 0731
"1436 F102 0733 STA  *+4 0732
1433 6AE4 . 0734 RTJd®  F. 0733
1434 0000 0735 7 oC 0 ., 7 ' 0134
T143C 06OV ) 0726- e 0 ' 0735
143t 0076 07317 DC X*0078!* 0735
1440 uBOF 0733 ) RTJ®  F5A 07137
Tl442 0000 0739 oc 0 0738
1444 GA4D 0749 RTJ%  LORD 0739
1445 0500 0741 e FY2048%  WAIT 0740

Tila4s 9los T 0142 T oC T x'viost ’ o S I 0741



MICRU 1613 CROSS ASSEMBLER SOURCE LISTING

Luc

144A

144C
144€

1450

1453
1455
1457
1459
1458
1450
145F
1461
1463
14065
1467

1469

1468
1460
146F
1471
1473
14175
1477
1479
14176
1470
147F
1431
1483
14385
1487
1459
14138
14380
1483F
1491
1493
1495
144917
1499
1498
1490
149¢F
14A1
14A3
14A5
14A7

14AA
144aC
14AE
14%2

UBJECT ER

FF57

007E

61F 0
6E14CC
1451

0000

6A4F

0300

9101

FFor? -
0040
61EF
6AE4
0Ccoo0
8000
002k
EFFF
AQ28
F104
6A0A
0045
QC00
FEFF
EQO3F
1124
6AA6
694D
0020
6A4F
0100
Al21
FFol
0032
G6G1FO0
6930
Q090
bA4F
050C
6301
FFoT7
0084
51F0
6AAG
6AE4
0030
0000
0034
5671418

oAB2
OAAA
C5CEC4AQ
CFC6A0CH

STMT

07+3
0744
Q745
0745

0747

0748
0749

. 0750

0751
0752

0753

0754
3755

0756

07517
0{54
0759
0769
0761
0762
0763
0754
0765
0760
07617
0763

07569

0770

0771

o172
0773
D174
orls
[V )

orir?

0778
07179
0739
o731

0732

0783
0784
078>
0736
Qlu?
U783
0739
07990
0791
0792
0793
0794

LABEL

F5A

F4

F7

F3

P

RTJ#
RTS%*
vl

-1

OPERANCS

XVFF6TY
X1007E?
%-14
F5

#-2

0

LOWR
£12048"
X'91014
XVEF6TY
X10080°*
#*-15

F.

0

X*8000¢
X¢002€"
Hr—14
MSEC

Fé

WRe ‘
X*0045°?
0

SFT

F7

IDIS

F5
X10020°*
LDWR
F12561
X'A121?

CAVEFBIY
X10082°"

*~14
£5

0

LOWR
F*1500°
X183501*
X'FFoT*

S X'0084!

#=14
TENA
Fo

0

o
X10034?
FTST

CRLF
TTEX
C*ENU CF FORMAT OPERATION,?

04/10/75

0742
0743
0744

0745
G746
074l
€748

0749

0750
0751
0752
0753
0754
0755
0756
0757
0758
0759
0760
Q761
0762
0763
0/64
G765
Q766
0707
0768
c7609
0770
07171
0772
0773
0774
o715
07176
07177
0778
071719
Q7489
0orst
0782
0783
0784
0785
0786
o781
0738
0769
0790
0791
0792
0793

PAGE 0015



MICR( 1613 CROSS ASSEMBLER SUURCE LISTING

Lnc

labs
l4BA
148E
14C2
14C6
14C7

14CY

14CA

14CC
14CE
14CF
1401
1493
1435
laui
1409
14DA
140C
1400
1408
L4uF
L4€E1
L4t 2
14C4
14£5
14ty
14t/
14E9
l14cA
14c3
14cC
l4tD
lacF
14F1l
14F3
14r5
14F7
14F9
l4FA
L4FC
14F0
L4FE
1590
1503
1505

OBJECT

CFD2CDC1
L4AOCFDO
C502C1D4

CYCFCEAE

00
6AB2
00
6LFD

0d
OA94
ET7JO00C0
GABE
81CH

ER

STMT

0795
0796
0757
0793
G199
Ov00

0801

0802
06C3
0804
[$R1 )
0wds
Gb07
0808
QLo9
0810
0811
0812
Ubl3
0814
0815
0ol6
uBl?
021¢
0619
04829
0821
0522
0823
062%
0E25
0825
0827
oBes
0829
0839

0631

0832
0853
O0b34
08135
08¢
PEEY
0833
0839
0840
0841
Do4l

0843

LABEL

*SPECIAL KOUTINE FOR FORMAT CHECKS

*CALL

AR K K UK B

F51

F53

F54

’

op

DC
RTJ*
HLT
Jmp

RTJ F5
DC

OPERANDS

HY'G?
CRLF

#-]

CUNTROL REG SET
LORO/LDWR

WALT

STATUS

MASK

ERROR =

X%

Hlo.
SECTOR
F5
UNTT

5

LDCON

F51

F54+1
SKPOON
F52
F51
51
*¥-5

TERR

TENB
F5

047107175

0794
0795
0796
0797
0798
0799
G320
03801
03v2
03803
0304
0305
€306
0807
0308
0809
C810
0811
0812
0313
0314
0315
u8lé
oul7
C318
G819
0320
0321
0322
0423
0424
0825
0820
08217
0826
0829
0839
0331
0832
0833
0834
Cu3>
0836
0637
0838
0639
G840
0841l
0842
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MICRO 1613 CROSS ASSEMBLER SUURCE LISTING

Lt

1501
1504
1504
1508
150C
1500
150GF
1510
1512
1513
1515
1516
1517
1519
151A
151C

151¢€
1520
1521
1523
1529
1526

1527

1528
1529
152¢C
152¢
152F
1530
1531
1532
1534
1537
1538
1539
1538
1530
153F
1541
1542
1544
1540
1543
1549
15%3
154+
154¢c

JBJECT

09
46
6A96
04 a -
34
6502
03
oA4&47
V4
81&EC

ER

09
46
11EF
08
EFQOL

610C

0000
08
EFOC
F170
4C

4F

48

49
872340
EFJ0
09

Fa

46

49
LAFB

E73000

F&

46 B
E3c3
71€E1
1iDF
A393D -
Fa
8553
£303
Fls1
46 )
7L03
7101
33

EFd2

STMT

0844
0845
0340
0847

0848

0849
04850
0351
0852

0853

Qud54
0855
0856
0857
08538
0359
0869
0361
0302
0863
08064
0865
Qoo
oRe7
2868
0369
0070
0871

o872

Q873
03174
0875
0875

LABEL

—

0P

Ru2
AnX
RTJ=

OPERANDS

dMp-_

T NuP

JMp+
RO1
RTJ*
ANA=
S8A

kG2

AWX
JAZ
RU1
Lov=
JMP

RUSTAT

FSa+L

£55

Hele
F53

*FURMAT RUJUTINE

&«
*CALL

..0377, e oto -
0878

0819
0839
0831
0882
0833
0884
0335
03495
6837
WERN]

0335

0839
08391
0892
0373
0834
0395

0896

RTJ
e
e
e
oC
RGL
Lov=

"STA

TAX
X8

‘oes

IN3
LDX=
LOvV=
Ku2
STA-

AWk T

INB
N3 Z

STA-
AWX

CLDAE

TwM
TaM
AD A%
STA-
STX
LDA%
STA
AwWX
IWNM
Tun
RO1

LDvV=

F15

BLCCK ALDRESS
WRITE PROTECT
ERRUR =

* &

HY12%

Fll1

BF2
H'O?

-3
X18000°*

FL5
F15
Fl5
F15

Fil+2
F15
Fll+s

F15
F15

W gr

44710775

0843
0844
0845
846

0847

0848
C849
0850
0851
0652
0853
0854
0855
0856
0857
[02-3-7-]
0859
6850
Qw61
0602
0863
0864
0465
0866
0867
0868
0369
06170
0371
0372
04873
QuTl4
Q815
08176
0877
0878
0819
0830
0831
08132
04433
Qo34
0835
0335
0837
0833
0889
0890
089l
0832
0893
G394
C335
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MICRO 1613 CROSS ASSEM3LER SOURCE LISTING

Luc

1559
1552
155%
1556
1553
1554
155C
155E
1561
15563
1565
15417
1509
1568
1960
156F
1571
1573
1575
157171
1579
15178
1570
151F
1531
1533
1535
1530
1oy3
153A
1582
158¢
1599
1592
1595

1598
1590
159F
15A1
1543
1545
1545
1543
15AA
1540
15ArF
15831
RELE]
15895

OBJECT ER

Al43
FOll
EF09D
FOLl5
FOLlS
EOQGE
F0O5
c7050C
FOU7
£E339
FO09
7185
7183
EFFF
F003
FOUD
£028
FL20
£E027
2005
AF 20
OAGD
6ACH
olré
[ 8
FOol17
453
FOL5S
ALOF
+308
19017
£10%
19EQ
67T151€
0005

QCn90
HAUY
8007
A4S
olléa
49
1L8F9
:FQ0
ot lo4s
6AS57
39E0
LEY
5496

STMT

0097
0893
0399
0999
0901
0902
0903
0904
0995
0900
0907
09938
0509
09lL0
0vl11l
0912
0913
0914
0915
0910
0917
ouls
091y
0920
0621
0922
0923
02+
0425
0925
Q9217
0yv23
0929
05130
0931
0932
0933
0934
0935
0936
09317
0933
0939
0949
QG941
Q942
U943
0944
0945
0545
0947
0943

T 0949

LABEL 0P

AUA
STA
LDV=
STA
STA
Loa
STA
LUA=
STA
LDA*
STA
TWM
1AM
LOv=
STA
STA
LOA
STA
Loa
LLA
ADV=
RTJ%*
Fl3 RTJ*
Jmp
LUA
STA
I NA
ST4A
AVA
STA%
OwHM
LUA
NAZ
JMP=
Fll DS

*READ — NRITE

*CALL . RTJ
* ERROR
% 0K
RW utC
TR
LoX
RTJ%
JMP
oex
NXZ
LDv=
RTJ/
RIJ®
OBA
R¥O LOX
RId=
JMP-

UPERANDS

Fil
WCCA
H'O!
SCCTUR
BLCCKS
ARITE
DATAL
F'1500°
JATAL+2
FLS
DATAL+4
Fl5

FL5
H'-1"
JDATAL+S
DATAL+8
MSEC
Fll
UNIT

5

xlzo'
LJCON
RiWe
Fl13-8
SeCTOR
SECTOR+2

SeCTOKR

Flits

F11+2

Fill

Fll

Fl3

Fl5

6
RUJTINE

Rw

X
LDATAL
DATAL+2
SKPDUN
_w2

#-5
“!00
RA3
RESET
7,0
Rl
HLTLP

04/10/175

0396
0897
0878
0899
0909
0991
0902
0903
0904
0705
0906
0907
09038
0909
0910
0911
0912
0913
0914
0415
0916
0517
0518
0919
0920
0s21i
0922
0923
0924
0925
0926
0927
0928
0929
0930
0931
Q0932
0933
0934
0935
0936
0537
09138
0939
0940
0val
0642
0943
0944
0945
0946
0947
0948
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MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LCC

1986
1567
1509

1588

1580
158F
15C1
15¢3
15C5
15C7
15C9
15C8

15CC

15CE
1500
1502
1504
1506
15038

© 1504

154C
1500
15DE
150F
15€2

15E4

15€7
15E3

T 15E9

15€C
15EE
15F0
15F2
15F3
15F4
15Fo
L5F7
15F8
1583

18y

15FF
1601
1603
1604
1606

1607

1609
1608
1690
1o0F
1611
1613
1615

JBJECT ER

34
5502
1C06
EFOL
6BEC
6115
E003
1111
EQ2F
2015
AO19
4C
0A49
1706
£EF02
6978
6107
E00QD
1907
8011
4F

STMT

G550
0951
0952
0953

095 T

0955
0956
0957
0958
0959

0960

0961
0962
0963
D964
0965

0960

0367
0963
0369
991719
0971

LASEL

RW2

RW9

0972

0973
09174

0975

09175
99717
0913
09179
0930

RWl

o981l

0982
0533

S 0934

098%
09386
0987
[VE2:13]

093

U999
0991
0992
0333
099%
09595

10996

0997

0998

U999
1000
1001

1502

RW7

RW6

R13

Ru4

Riz

upP

NOP
JMP+
NAM
Lbv=

RTJ%

JMp

LDA

JAZ
LCA
ADA
ADA
TAX

CRTUE

JAX
LDv=
RTJ

S JMP

LDA
NAZ
LDX
1X8B
oee
INb
LDA=
STA

T LDX=

RJ2
LOA-

T SBA/

NAZ
ITwM
iWM
A.(x

INB

"NBZ

ROL
Lba-
SBA=
JAL

LDv=

KTJ
Jlp

ROL

STX
TBX
STX
LLV=
RTJ
Lov=
STA
LLX
LOA

TRTJE

S

TRwl-1l T

UPERANDS

2

Ral4
TARLI
RWO-6
RW9
OATAL*6
RAY
DAVAL
SECTOR

BLGCKS T T

RUBAR
RW9 h
H120

R31
RWO=4~ 7
DATAL+8

R+40

wiCA

BF1
RWL+1
BF2

RWE
Rwl+l
RWl+l

X'0BLD?Y
RWO
H'4'
R31
R0

RWE=2

RAZ+1
Hear
R31

H*-8*
R1IL+1l
Rw8—=¢
Rul+l
TUAT

04/10/75

0949
03950
0951
0952
0953
0954
0955
09506
0957
- 0958
0959
0960
0961
0902
0963
0464
0965
0966
0967
09568
0un9
0970
0971
0972
0973
0974
0375
0976
0977
0978
0979
09860
0931
0982
0983
0934
0945
098%
09817
04968
09879
C990
0991
0992
0993
09Y94
0995
0996
0997
0993
099y
- 1000
1001
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MICRO 1013 CROSS ASSEMBLER SOURCE LISTING

LuC

1617
161A
161V
161F
1620
1621
1623
1525
1627
1623
lo2A
162C
1562E
1530
1633
1635
1636
1637
1639
loJsns
1650
16+
1641
1643
1045
10417
1o
lows
lu40
lo4F
lo51
1653
1655
1657
1559

1654
lo90
losc
15060
1on?2
LoO4
1666
1068
1668
loé
Loor
lo7i
1613
1675

UBJECT ER

870000
770000
EL1FC
09

40
1103
71C5
71C3
£E4
33C0
11EE
89EA
7101
ET0000
190¢c
08

02
14D4
ce0l1l
23801
AT2540
4C
Llbs
0000
A0D9
HA9Y
0AYA
0A43
63ra
0099
oA9(C
69EL
£017
rolo
o3F4

J090
08
E3FB
F209
£F 00
FaN8
[ IR IV]
E7ub0C
FOO7
Lt0Yt
FOOYL
tFOiQ
FOLY9
FOl11

STHT

1003
1004
1905
1004
1307
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1013
1019
1020
1021
10272
1025
1024
1025
1026
Le27
1028
1029
1939
LOoil
1032
1053
1054
1035
1930
1037
10338
1039
1040

1041,

1042
1J+3
luuas
1045
1046
1047
104y
1049
1050
1051
105
13
1054

105

LAGEL

.RWB

R1l

RW3

R31

GupP

LOX=
LWm=
10A
k02
Aw X
JAZ
IvM
TwM
LDA-
SBAX%
JAZ
STX
M
LOA=
NAZ
KO1
ESw
JAN
LDA
ALA
ADA=
1ax
JMP
DC
ADA
RTJ=
RENES
KT J=%
JidbE
DC
KTJ*
RTJ
LOA
STA
JMpP®
RTJ
uc
0o
DC
e
K01
LDA%
STA
Lovs=
STA
SITA
LUA=
STA
LuA
STA
LOV=

oTa

- STA

OPERANDS

O C

=2

RW7
Rrl+l
Rul+l

Ralt+l
RA8
RW8=-2
Ril+1l
0

R1le

R13
WCCA
1
BF2

Rvi7

L3

DATAL ¢4

TLRR

Tauvd

CLSTAT

Rw3

SACD

Rvi3

SeCTUK+2
SICTCR

R31

wil

ERRCR =
STAKT DATA VALUE
MUDIFY VALUE
®

wil
DATAL +4
H1O!
DATAL¢+O
DATAL+8
F*11500°
DATAL+2
WRITE
DaTAlL
Hele
BLUCKS
wCCA

04/10/7175

1002
1003
1094
1005
1006
1007
1008
1009
1010
10114
1012
1013
1014
1015
1016
1017
1918
1U1i9
1020
1021
1022
1023
1024
1025
1026
1227
1020
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1 O"Q 4
luai
1046
1049
10%0
1051
1052
1053
1054
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M1LRU

LUl

lol il
1079
1673
1670
lo7t
1680
1631
1682
1634

1685

1636
1648
losy
1638
168C
163t
1690
1692
1694

11696

1698

169A

169C
16A0
1642

16A4

16A6
16Ab
L6AA
16AC
16AE

1680 «

ion2
1684
1650
1683
168A
1o8C
L63E
16C0
16C2
16C4
16Co
l16C4
16CA
16CC
16Ckt
1600
1602
150L%
160

1503

1604

1613 CROSS ASSEMOLER SUURCL LISTING

UBJtECl

Lto2v
2005
6A48

ER

SIMI

1056
1097
10v8
1059
1060
1061
1002
1063
1064

065

1066

1007
1068
1069
1070
1071

T 1072

1073
1074
107>
1076
1077
1078
1079
1080
10gl
1082
1063

1084

1065
1086
1087
10¢y

1009

1090
1091
1092
1093
1094
1095

1096

1097
1098
109G
1100

1101

1102
1103
1104
1105
1106
1107

T 110t

LASEL

Wi

W13

Wl

Wlé

up

LDA
LLA
RTJ*

£02

LDX
AWX
LbA-
STA
AuX

LDA-

5TA
A X
STX
RJ1
RTJ
LDA

" STA

LDV=
ADA
STA
RTJ
JMP%
DS
o] ¢
RIJ
RYTY
KTJ

Lbv=

STA
RTJ
rR{J
RTJ
LDV=
STa
R1G
RTJ
LDV=
STA
RTJY
JMpR
DC
LDA
S3A

T NAZ

RTJ*
JMP

RTJs
K{J*
JMP

RTJ*
RT1J*
RIJ*

“RTa

UPERANDS

UNTT
5

LOCON

Wil

Wl2

Wiz+2
Wil

W13
READ
DATAL
HY4?
DATAL+4
DATAL+4
Wl3
WLl

A

X%

W1l8
W17
w17
HY2?
SECTUR
Wl5
nlg
WwiL7
H'1?Y
SECICR
Wlo
W18
HtQ? )
SECTOR
Wlb
Wl3

3%
DATAL
WRITE
*+6
M1le
¥+4
CLR2

[}
Ve

Wlé

SADD
SADD
SADD

W17

04/10/75

1095
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075

1076 .

1077
107b
1079
1080
1061
1062
1063
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1066
1097
1098
1099
1100
1101
1102
1103
1104
1105

1106

1107
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MICKU 1613 CROSS ASSEMBLER SOURCE LISTING

L0C  OBJECT ER

160C 6918
14Dt 6916

14E0 EO15

loEZ2 B8U28
16E4 14DE o
16E6 63DA

16E8 0000

10EA ELBO

16EC Fo2040
16eF ELAD
10F1 F02042
16F4 63F2
16F6 0020
16F8 EL1A4
16FA A3F1
1aFC FIEF
16Ft 63F6
1700 0000
1702 08
1703 EFOO
1705 F118
1707 EFS5
1709 6918
1708 Ellz
1700 6939
170F E110
1711 6935
1713 790C
1719 E108
1714 1106
1719 8106
1716 19EE
1710 63E1
171F 0004
1723 0000
1725 FOO9
1727 8028
1729 45
1724 89F5
172C EGAO
1728 F005
1730 ET050C
1733 FOO7
1735 EFOO
1737 FCOB
1725 Fu9ds
1733 43
173¢ FO19
173t FOll
1743 €027
1742 2005
1744 bAaB
17%6 63008

SIMT

1109
1110
1111
1112
1113
1114
1115
1116
1117
11138
1119
1120
1121
1122
1123
1124
1125
1126
1127
1123
1129
1139

S ES!

1132
1133
1134
1135
1136
1137
1133
1139
1140
1141
1142
1143
114%
1145
1146
1147
1148

1150
11>51
1152
1153
115+

T1155

1150
1157
ils53
1159
1150
1161

LABEL

W18

SABTST

S5

Sl
S2

Tllew

up

RTJ
RTJ
LUA
SBA
JAN
JMP¥
pC
LDA
STA/
LA
STA/
JMp=
510}
LOA
ADAX
STA%*
JMP*
DC
RO1
Lov=
STA
LDv=
RTJ
LDA
RTJ
LDA
kTJ
Oww
LOA
TWM
SHA
NAZL
Jup*
LS
pC
STA
LDX
DCXxX
STX
LDA
STA
LUA=
STA
LOv=
STA
STA
1A
ST4
STA
LUA
LLA
RATJd*
Jmae¥

OPERANDS

Wi7
Wi7
SECTOR
MSEC
Wié
Wis
%%
WLl2
BF1
WL2+2
BF142
Wly
&
Wlz+2
Wlg+5
W1E+5
wl7

H!'O*
Sl
X¥55¢

DATALl+4
MSEC

S1+2
READ
UATAL
F*1500°?
CATAL+2
HIQ?*
DATALYG

DATAL®S

BLUCKS
nlCA
UNIT

5
LOCUN
S2

04/10/15

1108
Lio09
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
11¢0.
1iz1
1122
1123
11lc¢4
1125
1126
1127
1148
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
113%
1140
1141
1142
1143
1144
1145
1146
1147
L1148
1149
1150
1i51
1152
1153
1154
11595
1156
1157
115¢
1156
ilo0

PAGE 0022



“IChG lol3 CROSS ASSEmMsLER SOURCE LISTING

LGC  JBJECT

1748 0000
174A FOLS

174C 02040

LieF OAA«
1751 GAES
1753 61FA

_.. L7155 63F1

1757 0000

1759 E70200

175C Fl1s
1756 u8

L75F EF59
1751 65C0
1763 6917
1765 2401
L7567 FOLS
1769 8026

1758 LICFA

1760 EOLS
LIoF 69017
1771 7991

1773 ET0000

1776 19EB
1778 o300

T 1774 ABCD

177C 0000

177t ELFA

1750 08
1731 DFOF
1783 F906
1735 ELF3

1737 A73CAL

L73A 2000
178C ALEC
1738E F1EA

1792 0000

1794 t021

1796 GELB2E

1799 009¢&

T 1798 050C

1790 CO5D
173+ 0140

T17AL 0001

1743 02)J0
1745 00J1
L7AT FFFF
1749 €021
L 17A3 oBEA
17a0 00A0

1790 636A

STHT

1102
1163
1164
Liob
1165
1167
llas
1109
1170
1171
1172
1173
1174
1175
1176
1177

‘1118

1179

1180

11yl
1142
1183
1134
1185
1186

1187

1133
1189
1160
1191
1192
1193
1194
1195
1190
1197
1198
1198
1200
Ll
1202
1203
1404
1205
1205
12017
1208
1299
1<10

L1211

1212
1213
1214

LABEL UP

S3 3198
STA
sT1A/
KTJ*
RTJ*
JMp
JmMP

*RANOOM SEEXK

RANTST OcC
Lba=
3TA
KU1
LDV=
RTJ

RA3 2Ty
LRA
STA
SBA
NAN
LDA

, RTJ
~ DwWM

RA1 LDA=

GRN 6C

nDA=

LLA

ADA

STA

JMP*
*

#SINGLE BLOCK WRITE/KREAD TEST

BDATST OC
LDA
RTJ/
(8]
uC
oC
DC
o]
oC
uC
vC
LA
RTJ*
ne

OPERANDS

&
SCCTOR
8r1
CLR2
Pvie
=4

53
TEST

E 3

JEt512t

RAL#]

X159%
s2

GRN
SECTOR
MSEC
*—4
SECTGR
$3
RAL+1
0

RA3
RANTST
X*ABCD?
%%
GRN=-2

H*15¢?

*+83
GRN=2
F!-29535¢
3%

GRN=2
GRN=-2
GRN

SINSEC
DR W
WRITE
F*1500°¢
X'Q050°?
F1384
1

Q

1

Fr=-11?
SINSEC

BDATST+5

‘RLAD

04/10/175

1161
1162
1163
1164
11€¢5
1166
1167
1168
1169
1179
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1i8l
1182
1183
1184
1185
1186
1187
1166
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
108
1209
12190
1211
1212
i213
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{ MICR0 1613 CROSS ASSLMBLER SUUKCE LISTING

LuC

1 7AF
170l
L7832
L7685
L7187
1789
1783
1739
173F
Lct
17C3
17C5
17C7
17C»
17¢3
Lrco
17Ct
1701

1703
17V
1/07
1709
1706
1700
170F
17€1
17E3
17€5
1727
1769
17¢3
17¢cv
17cF
17F1
C17F3
17¢%
17r7
_L1rg
179
17+
1THF
1601
18433
_lgos
1807
© 1809
1808
1699
150+ -
Ll
1813

0BJECT ER

050C
0062
0130
0001
0000
0001
FEFHF
SV
LBJIO
N0AQ
050LC
0067
0180
Q002
y0no
0001
FEFF
6¢3BF

Q0V0
£023
0955
009¢
050C
0056C
G160
0002
J0uo
0C01
FrFE
E023
oy4l
00AD
Q50C
00rl
0180
0092
0CcVo
0001
P FEE
EQ21
5520
00A0
05uC
0070
01860
G001
0000
0002
FFFE
£E021
2C0¢

STMT

1215
12i6
1217
121u
1219
1,20
1221
1262
1223
124
1225
1220
1227
1224
1229
1230
1251
1232
1253
1234
1235
1230
12317
1238
1234%
1242
1241
1242
12435
1244
1245

S 124h

12417
1243
1246
1250
1251

1252

1253
125%4

T 1255

1256
leb7
1258
1259
1260
1261
1262
1263
| P
12¢H
1209
1267

LABEL

*

*MULTIPLE BLOCK WRITE/READ TEST

MOUST

ce OPERANDS
vt F11i5007
uC X10062%
vc F1384¢
e 1

vl 0

DC 1

3] Fr-1t
LUA MULSEC
RTJ* BODATST+5
0C READ

ue F115000
uC Xt0067?
DC F13847°
e 2

ul, [¢]

oC 1

oc Fr-lt
JMP%  BDATST
3] x%

LUA MULSEC
RTJ UKW

ue WRITE
8] F*1500°*
[3]e X*006C?
be F*384"*
veC 2

uC [¢]

oc 1

ol FYv-11
LDA  MULSEC
R1J DRW

o RLAD
TDC T F11500!
ocC X'0071?
ne F'384"
LC 2

uC 0

De 1

uC Fr—-j1v
LDA SINSEC
RTJ DiwW

0C READ
L F11500¢
vC X100 16?
1C Fe334?
ol 1

8] 0

e 2

uC Fer-2¢
LDA SINSEC
ARA 2

04/10/75

1214
1215
1216
1217
1218
1219
1220
121
1222
1223
1224
1225
1226
i227
1228
1229
1230
1231
1232
1235
1234
12325
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1254
1260
1261
1262
1263
lceo4
1265
1266
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MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LaC

115
T oasr
. 181ly

1318
1810
181F
1821
1823
1625
1827
1829
1828

182E
1830
1832
1334
18306
1337
1838
183A
183C
183E
183F
1640
1842
1843
1844
1846
1347
1lo49

184A |

184C
184€
18%F
1851
182
1955
1857
RPN
L3539
LdoA
L35C

UBJECT ER

F10A
£021
6913
00A0
050C
0076
0000
0001
0001
0002
FFFE
671703

STuT

1408
1269
1270

L2y

1272
1273
1274
1275
170

121

1278
1279
1280

1241

1232
1243
1284
1285
1286
1237
12868

1239

1290
1291
1292
1293
12G6%
1295
1296
1297
1298

T 1299

1300

1301

1502
1303

1304

1305
1300
1307
1308
1309
1310
1311
1312
1313
1314
1315
1315
1317
1313
1319

1320

LABEL 2P OPERANDS
STA MD2
LDA  SINSEC
RTJ  URW
DC  READ

0oc F11500°
DC X*'0076*

MDZ  OC 0
DC 1
be 1
.. beo 2
uc Fr-20
JMP= MDST

*READ/WRITE ENTIRE DISK—-DATA PATTERN.
¥CALL iLDA=WORD CGUNT

* RTJ URW
® DC READ/WRITE
& oc WALIT TIME
* ne BASE ERROR =
& DC _PATTERN LENGTH (IN WORDS)
* DL = 3LUCKS '
* ce START
% e INTERLACE:
* nC
DRW DC # %
ARA 1 ‘
STA WCCA
LOX DRW
RG2
LDA=-

STA DATAL
LLUA®  DATAL
STA DATAL
AWX
TSTA DATAL+2
AWX
LOA-
STA DATAL+4
AWX
StAx - DRW . - - e -amarre
RO1
LDV= H10?
STA DATAL+8
0CA
STA DATAL+6
LDA-
T URTJIZ O PATGEN
LUX DKW
RMZ
AWX
LDA-
STA 8LUCKS
xR

04/10/15

1267
1268
1269

1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1253
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
130%
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1310
1317
1318
1319
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MICRO 1613 CROSS ASSEMULER SOURCE LISTING

LOC OBJECT ER STMT LABEL 0P OPERANDS 04710715 PAGE 0026

1850 E4 1321 LDA- ) 1320
L85% Flef 1322 STA  DK2+4 1321
1851 €4 ) 1324 LDA= o » 1323
1862 F169 1325 STA  DK2#2 : ' 1324
18564 406 1320 AW X 1325
1365 F4& 13217 LUA- ) ‘ ) ‘ 13256
1866 F1lo3 13238 STA DK2 1327
1868 4o 1329 AWX ) 1328
1867 39C3 . 13350 STX DRwW ) ) ) . o 1329
1863 08 1351 RU1 1330
186C E021 1332 LOA  SINSEC 1331
185E AlOC 1333 ACA DKL+l , , o A 1332
1873 F11% 1334 STA  DK3=2 1333
1472 £027 1335 LDA UNIT 1334
1874 2005 1350 * LLA 5 o ] v ) 1335
T lsle 6A4B 1337 RTJ*  LUCUN ’ ‘ o . 1336
1878 £155 1338 DK5 LDA  DK2+4 1337
187TA 4A 1339 GCA ) 1338
1573 F62C40 13:+0 DKl STA/ 8F1 ‘ 1339
187E E14F 1341 LLA  DK2+4 1340
1580 FOL5 13%2 A STA SECTOR o » 1341
18382 El48 1343 LUA  DK2+4 ’ 1342
1384 48 1344 INA 1343
1885 4A 1345 ] oCA o ‘ . 1344
16886 Fo0000 ) 13546 CSTA/  wx . 1545
1839 E0QOS 1347 UK3 LGA CATAL 1345
1383 o099t 1344 - SBA WRITE _ ’ o . 1347
T 1830 1904 ' 1349 NAZ %44 ' ' 1348
138F &AA2 1359 RTJ= M1e 1349
1891 6102 1351 JMP *+4 1350
T 1893 6AA4 ‘ 1352 7 7 Kkly®  CTLR2 ' o oo 1351
1695 6AE6 1353 RTJ%  RW, 1352
1647 61F0 1354 S JMP DK3 _ ] S N 1353
1399 £130 135> ’ LUA DK 2 - o T 1354
1898 F108 1356 STA  DKé+l 1355
1690 6490 1357 DK4 KTJ%  SADD - , _ 1356
T 189F £308 7 13%%8 LOA%® DKl#l ' o ' © 1357
18A1 BOLY 1359 SBA  BLLCKS 1358
13A3 £307 1300 o STAx DKL+l ) - o , 1359
18A% 7101 - 7777 1361 T 1WM DKo+l : 1360
13A7 E70000 1302 DKo Loa= 0 1361
13AA L9F1L 1363 NAZ  DK& , o » 1362
T18AC 4A 7 1364 oca 1363
13AD A3CD 1205 ADA%x DKL+l 1364
18AF F326 - 1366 STA%  DK3-2 o ‘ o 7 . 1365
‘1881 EOLS T 1361 7 LDA SECTUR - o S 1366
1833 B02B 1268 SBA  MSEC . 1367
183> 1402 1369 JAN  DK3 1366
1837 3114 137¢ LY DK2+2 1369
1889 ET00 1371 LOvV=  H'0!? , 1370
1856 AOL9 1372 ADA  BLOCKS 1371

1830 45 I Lags T DeX . ; R . - DT . 1372



MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

LOC  O8JECT ER STMT LABEL OP OPERANDS 04/10/75 PAGE 0027
138E LGFB 1374 Y -3 1373
13C0 44 1375 UCA 1374

. 13Cl a8 13706 INA 1375

io18C2 Aalos 1577 ADA DKZ+4 - _ o - , , S 1376
18C4 F109 1378 STA  DK2+4 ) ' 13717
15C6 1CBO 1379 NAN  UKS 1378

_13C3 671826 1380 JMP= DRW 1379
13CB 0006 1381 DK2 DS 6 1380
1382 %PATTERN GENERATION 1381
138> =CALL  LOA= LENGTH L 1382
1364 * RTJ PATGEN 1383
1801 0000 1365 PATGEN DC % 1384
1803 4C o L1386 TAX L e o L L 1385
1604 4F 1347 1x8 1366
1605 4t 1304 ocs 1387
S loue 4s e L3890 INB . e . . . i . 13s8
1807 ETFEB0 1390 LUA= F'=384¢ S o 1349
180A F119 1391 STA PGL+1 1390
180C 872040 1392 LDX= BF1 1391
180F 6914 ' 1593 RTJ  PG3 S o o ' a o ' 1392
1881 610F 1394 Jrip PG1-2 1393
CloE3 6916 13y5 ) RTJ PG3 ) o o , 1394
1865 6108 136506 JMp PG1-2 ' ' 1395
16E7 6912 1397 T PG3 1396
1869 6107 1398 Jmp PG1-2 o ) A ) 1397
18¢B 03E4 1399 JMP%  PATGEN T ' ' ' 1398
13E0 EFQQ 1400 LDV= H'Q? 1399
JL8EF R 1401 STA= S L . . . . ' L 1400
L3FD 44 1492 INX ' a ' 1401
18F1 44 1403 INX - 1402
ldF2 7101 1404 WM PGL+1 . _ 1403
18F4 £70000 ' 149 PGL ~ LuA= 0O I ’ ' - - 1404
L13F7 19F4 1404 NAZ “=10 . 1405
13F9 6306 1407 _ JMPE PATGEN S - . o o 1406
16F8 00920 1408 PG3 be 5% 1407
L3FD ETAAAA 1409 LOA=  XTAAAAY 1408
1930 F157 1410 . STA $Gs o _ ) , ) ) o 1409
1902 ETLYTE 1411 LDA= P42 1410
1905 295% 1412 RTJ P4l 1411
14907 63F2 o leld CoNNMPE PG oo 1412 -
1939 E£FD0 144 LDV=  At0? 1al3
1908 Fl4C 1415 STA PGH lalé

1900 ElFs 1415 CLDA #=-10 o S B S 1415
190F 6946 1417 RTJ P4l 1416
1911 6338 1413 JMPE 9G3 1417
1913 =FFE 14i9 LOv= idr=2v o o _ 1418
1915 Fla2 1420 S51A PGS 1419
1917 ET1982 1421 PG6 LUA= = P43 ‘ 1420

CL91A 6940 A 1422 RTJ P4l » , . 1421
191C 6364 1423 JMPE P43 , 1422
191t E78F33: L42% " LDA=  X'3E38¢ 14¢3
1921 #13¢ 1425 STA PGS 1424

1923 ET198C - 1426  LDA= P44 ’ T - o ' 1425



MICRO 1613 CROSS ASSEMBLER SOURCE LISTING

Luc

1926
1923
192A
1920
192F
1931
19353
1935
1937

1933

19383
193u
193F
1941
1943
1945
1947
1949
19413
1940
194F
1951
1953
1955
1957
1959

1953

19>C
1v5¢k
19690
1961
1963
1905
19617
1968
1969
196A
1950
190E

1970

1972
L9715
19706
1978
197A
197¢C
197E
19390
1632
1934
1936
1648

196A

UBJECT ER

0934
6301
ET75555
F12A
E102
6929
63C6
EFOL
F120
ELVD
691F
538C
EFFF
Fll6
E1BE
5915
o382
EFD0
F1JC
EL1JS
6$93
63A8
7146
71A4
63A2
2000
650
6600
F108
08
tkHFO
F10E
clF2
ka4
44
G4
6E0000
49
126w
7133
£700090
438
LYES
11£2
71€0
630t
0000
63FC
0090
€103
2001
F1CF
63F0

STuUT

1427
14238
1429
1439
1431
1432
1433
1434
1435

REF

1437
1438
1439
1440
1441

1442

1445
1444
1445
14406
lag?
14473
1449
1450
1451
1452
1453
145«
1455
1456
14517
1458
1459
1460
1461
1462
1403
l4o4
1465
laobd
1461
l408
1409
1470
14171
1412
141713
1474
1475
14176
1477
1478
1479

LABEL

PG5

P4l

P42

P43

up

RTJ
JM %
LUA=
STA

T LDA

RTJ
JMPpx
Lov=
STA

_LDA
RTJ

JMPx
Lov=
STA
LUA
RTJ

T JMpPE

LDV=
STA

LDA

RIJ

Ji4Px

fwiq
IWM
JM P
e

oC

vl

STA
RO1

Lbv=
STA
LDA
STA-
IMX
INX
kid/
INB
JBlz

6™
LGA=
INA
NAZ
Tum
T
JMP*
DC

JMpx
0C

LDA
LLA
STA
JMP*

UPERANDS

Pl
?G3
X15555¢
265
PuG3+8
P41
PG3
H'1?
PG5
PG6*1
P4l
PG3
H'—l'
PG5
P;3+8
P4l
PG3
H'O!*
PG5
PG6E+13
P4l
PG3
PG3
PG3
PG3

0
X'66l

¥+13

H'-16"
wele
PG5

04/10/175

1426
1427
14cys
1429

. 1430

1431
1432
1433
l43%
L4325
1436
1437
1433
1439
1440
1441
1442
1443
1444
1445
l44o
1447
14438
1449
1450
1451
L1452
1453
1454
14595
1456
1457
1458
1459
1460
l4o0l
1462
1463
1464
1465
1460
1467
1468
1469
1470
14171
L4172
1473
1474
la5
lal6
1417
1478
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MICRU 1613 CRUSS ASSENMBLER SUURCE LISTING

Luc

198C
1983¢€
1930
1991
1993

1995
1697
1999

1998

199D
199F
1941
1943
194a5%
1947
19A9
194C
19AE
1981
1933
1935
1987
1989
193b
1930
198F

19C1

169C3
19Co6
19C8

" 19CA

19°C
19CE
1900
1932
1904
1928
190C
190
19L4
19€8
19:C
19FY
19F 1

C19F2

L9F 4
19F6
199
19+ 8
19FD
LYFF
1400

UBJECT

0000
ELCY
4A

FlCo

ER  >1HT

14480
laul
1482
1423

6387

0000
EFDO
FO2F
FO31
EFFG
FO033
EFOL
FO39
EFFC
FL13

€72000

F109
GE1AGA
6115
0ACY
Q013

1484
1485
1486
147
1488
1490
1491
1492
1493
1494
1495

T lave

1497
1498
1499
1500
1501

0000
0010
ELFA
41FA
FlFe
7101

E 70000

19E6
ELFA

AFO4

11C9

FO37

6AB2

6ALA
D409D0CS
AOC3CFCE
D4D2CFCC
CCCHL2A0
C4C506C9
C3C5A0C3
CFC4C5A0
AQ

00

6AL A

F020
370100
EFCO

2E10

£0C2

09

Fa

1502
1503

1504

1505
15906

C1w0T

ibua
1509
1510
1511
1512
1514
1515
1516

1517
1518
1519
1520
1521
1522
1523
1524
1525

1489

1513

LABEL QP

P44 DG
LDA
CCA
STA
JMpx
* PARAMETER
PARAM UC
Lov=
STA
STA
Lhv=
STA
LDv=
STA
LOV=
CSTA
LDA=
STA
PR3 RTJ/
aMp
QT J%
ne
PR2 T uC
e
LDA
ADA
STA
ITwMm

PR1 ~ LoA=

NAZ
P21 LDA

ADV=

JAZ
STA

P22 RTJ®
RTJ* .

DC

0C
RTJy*
STA

ARL
LDA
_R0O2

TsTa-

‘OPERANDS

=
%

PGS

PGS

P44

INPUT ROUTINE
xE

H'Q?
UAVAL
LEG o
HE=70
EFl
HYl*
PASS1
Ht'=41
PRI+L
DDAT
PR2
UNPAR
P2l

e SAVE THEM
~TDSK

0

MSEC-TDSK

PR2 )

PR2+2

P2

PR1+1

0

PR3 DONE
PRL+1
Higt
PARKAM+2
PURTS
CRRLF
TTEX

GET UNIT PARAMETERS

INCR PARAMETER ADDR

~C*TYPE CONTROLLER DEVICE CODE

H'O*

Hl. READ HEX
ADDRESS
X4100°
H'-64*
16

Iv.

SET ALL INTERRUPT LGC TO ILP

04/10/175

1479
1480
1431
1482
1443
1484

1485

1486
1437
14838
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500

1501 .

1502
1503
1504
1505
1500
1507
1508
1509
1510
1511
1512

1513

1514
1515

1516
1517
1518
1519
1520
1521
1522
1523
1524
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LoC

1A91
1402
1403
1A05
1400
1408
1A0A
1A0E
1A12
1A1LO
1A1A
1A1E
1A22
Laz2o
LA24
LAZG
1A23
1A2A

1A2C
1A2E
1A30
1A3¢
1A34
1A3%
LA3Y
1A3A
1A53C
“1A3E
1A40
1A43
1A45
LAqYy
1A40
1A51
1A55
14573
1A50
l1Aoi

OBJECT

46

49

LAFB

28

6A82
6AAA
C5CEDL4CS
D2AOCBCF
02CDC104
AOCCCFCF
DOAOC3CF
CED4D2CF
cc

00

EFOO
FO3%
F030
r03F

OACSH
2u01
1C02
703F
2801
1Co2
7930
PAD RN
1e02
7038
6elU87
OAAA

AQOC 502D
CFOsADCL

CEC+AODS

U9DOC5A0
CFUSD4AD
C3CHCED4
D2CFCCD3
303400

ER

STHT

1526
1527
1528
1529
1530
1531
1532

1533
1534
1535
153¢
1537
i534
1539
1540

1v4l
1542

1543
1544
1545
1546
15417

T 1548

1549
1550
1551
1552
1953
1954
1555
1556
1957
15538

1559

L1560
1561
1562
1503
1504
1569

1566

LABEL

* SW

%*F=0
*F=]1
*R=0
x#R=1
#5$=0
*S=1

*SW 4

*

*R=0
®R=1
*H=0
#H=1
&T=0

A

3
S

apP OPERANDS
AnX
INB
NRZ ¥=-3
RUL )
2TJ%  CRLF
RTJ& TTEX
oc - CYENTER FORMAT LOOP CONTROL®
oC H1O
LDV= HtO?*
5TA LPFURM
STA FuY
STA SFT
21
2 F
FURMAT CURCE.
r ORMAT AT BEGLIN OF EACH FASS.
RUMN COMPLETE DIAGNOSTIC.
FORMAT UNLY.
SPECIAL FORMAT TEST NOT KRUN.
SPECIAL FORMAT- TZST RUN.
RTJ¥ ES.
salA 1
NAN *+4
TWM SFT
ALA 1
NAN ¥+h
TiWwh FUY
ALA 1
NAN +4
iwii LPFURM
RTJ/ ETNAL
RTJ%  TTEX
(I C' ERROR AND TYPE OUT CONTROLS?®
uC X¥3D8A00*
> 2 L
T H R
CONTINUES WITH TEST.
REPEATS CURRENT OPERATIUN.
HALYS UN EACH ERRUR.

CONTINUES ON EKRORSe.

TYPE O

UT ALL ERRORS.

04/10/75

1525
1526
1527
1528
1529
1530
1531

1558
1559
1560
1561
15¢2
1563
1564
1565
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Loc

1A54
1A65
1A56

LAbY
146A
~1AauC
1AGE
1LA70
LAT4
1A78
1ATC
1A350
LAB4
1A88
1A
1A6C
1ABE
1A90
1A92
1A93
1A4G5
1A9Y
1A94
1A5C
1A9E
LAYF
1AAL
1AA3

UBJECT ER

00
05
671995

66

0000
6AB2
6AAA
cs5CeD4aCs
D240C4C6
L3CHAOD4S
C50U3D4A0
C9CECHCF
U2C0C1D04
C9CFCE
09

OACS8
1409
2801

4C

2801
D7C000
FO217
EFOQO
1501

4A

FOLB
6ACS
2002

STMT

1567
1568
1569
1570

15711

1572
1573

1574

1575

1576

1577
1573

1579

1580
1581
1582

71583

1584
1585

1586

1567
1588
1589
1590
1591

1592

1593
1594

159y

1596
1597

“ls9a

1599

1600

1601
1602
1603
lo04
1609
16006
1697
1603
1609
1610
1611

lol2

1613

LABEL
*T=1

¥A=0
xA=]

ENT

SW

Wowonon
- OO

MICRO 1613 CROSS ASSEMULER SOURCE LISTING

- oP UGPERANDS

DELETE TYPE OUT.
TYPE GUT ONLY FIRST & ERRURS.
TYPE OQUT ALL ERRORS.

CHLT
EIN ENABLE INTERRUPT
JMP=  PARAM

ER PARAMETERS FOR A DISK POURT

3
1

c~n
< -

- UU=UNIT, T=TYPE UF DISC,U=DONE-
S ¢ 2=TRACKS/INCH,S=SECTORS/TRACKS yF=FULL
X R '

FIXED HEAD DISK,

MOVING HEAD DISK.

ENTER PARAMETERS.

UONE.

4
V]
‘.

100 TPI
200 TPI
12 SECTGRS/TRACK.

24 SECTORS/TRACK, 128 WORDS/SECTOR
TEST FULL DISK.
TEST LESS THAN FULL DISK.

"DON*T TEST REMOVABLE DISK

TEST REMUOVABLE DISK o
DONT'T TEST FIXED DISK
TEST FIXED DISK

DC X' 660
DC %
KTJ% CRLF
TRTIRT OTTEX N

oc CP'ENTER DISK TEST INFORMATION®

oc H'O® i
RYJ®  ES.

JAN  UNPAR-1 UONE

ALA 1 ~ NO

TAX =TUU
ALA 1

ANA=  X'C000"

5TA  UNIT

LOV= {10

JXN 4¢3

GCA FIXED HEAD
STA 10SK

RTJ%  ES. FYSZ
LLA 2 o - ‘

04/10/175

1506
1567
1568
1569
1570
1571
1572
15713
1574
1575
1576
1577
1573
1579
1580
15561
1582
1583
1584
1565
1586
1557
1588
1589
1530
1591
1592
1593
1594
1595
1596
1567
1598

1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
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Loc

LAAD
1ALO
LAAT
1AAA
1AAC
LAAE
1A81
1LAR3
1Au%
lABS
1ABS
1ABA
- LABLC
1A%k
1aC0
1a¢2

T 1ACa

1ACS
1AC38
1ACA
1AL
1ACE
T 1ADO
LAD2
ClAde

1a06
1AJA
1AL
1AE2
1AE®
1AEA
1AEC
l1atv
_1AEF
LAF 1
1AF2
1AF5
1ART
1ArY

T LAFC

_1AFF

1501
1803
1305
T 1bo7
1309
1408
T 180w
180F
181l
1813

UBJECT ER

4C

[¢})
£FD200
009C
1005
EFO100
0013

03

FO21
2C01
AQ21
023
2210
FL13A
EOQ4lL
2003

4C
£E70198
1002
2301
FLl2F
EOLEs
127
o5AB2
6AAA
usd9DOCS
AQCEDSCD
C2C>D2A0
CFCOAOQCS
C5C1C4D3
AQAQ

00

AL 4
112C

4C
DTFFEQ
1926
5904
8370300
1AFA

L TLAFC
1AFD
6922
FOLF
FoLD
EFOO
FO25
€041
1C02
6927
HACO
20027
vrceeo

STUT

1614
1615
lolc
1617
luld
1619
1620
loclt
1622
1623
Lol4
1625
1026
1627
1628
1629
1630
1631
1632
1633
le34
1635
1036
1637
133

1639

1640
1o41l
1642
1643
1644
lo43
1646
Leqd

1o4ad”

lowy
1650
1651
1052
1653
1694
1655
1656
1657
1658
1659
losG
lool

LABEL

Usi
NUMSEC

NTK

up

TAX
KU&
LbOvV=
7]

NXN
LDV=
[s]o

ROL
STA
AR A

T ADA

STA
LtLL
STA
LDA
LLA
TAX
LboA=
NXN
ALA
STa
LOA
NAN
RTJ*
RTJ*
519

0C
RTJ*
JAZ
TAX
ANA=
NAZ
ST X
LuX=
EQU
LDA=
EQU
RTJ
STA
ST1A
Lbv=
STA
Lba
NAN
RTJ
RT g%
LLA
ANA=

OPERANDS

512
12
*+7
256
24

SINSeC
1
SInSEC
MULSEC
1o
NUMSEC
Sy

3

408
¥+4

1

NTK

TUSK

usl

CrLF

TTEX FIXED HEAD
C*TYPE NUMBER UF HEADS ¢

H1OY
Hi.
UEK

X*1CCOo0"

04/10775

1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
le2y
1629
1630
1631
1652
1633
1634
1635
1636
1637
1634

139
164C
l641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1¢52
1653
1654
1655
1656
1657
1658
1659
1660
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Ltrc

18le
igls
1818
1810

ClulF

1822
1823
1825
1826
1827
1828

1B2A

1828
1620
1830

T 1bse

1834
1B36

1838

1334

183C

1840
1B44
1848
134C
lis4+
1R50
18v2
1854
1856
1358
1B5A
185C
185E
1860
1862
1bo4
1306
1563
1u6A
1BoC
136E
1870
1672
Ly T
1376
1878

137A
1373
1370

QBJECT ER

F029
861A6A

6592
6AB4
661A6C

6AAA
D4VYDOCS
A0CUC108
AOL3D9CC
C9CEC4CS
024040
00
6ACH
FOLD

8018

180C
110¢

2801

BLSF

1Cv2

EOLD

2801

L4

6938

FOLD

8016

1306

EOLF
BCLD -
14BE

EFFF

FO25

63BC

o4
N000
8LFC

STMT

1062

1663

l6o4
1665

1666

1667
1668
1669
1670

1671

1672
1673
lo74

T 1675

1676

St
16173

1679
1680

1681

1662

JLews

1644
1635

lese

1637
1683
1669
10990
Loyl

1092

1693
1694
1695
1696
16517
1698
1699
1700
1701
1702
1703
1794
1705
17006
1707
1708
1709

1710

LABEL

UER

% MAX SECTOR

us

0T

u7

U4

nre

x TYPE

ETEX

G

S1A
Lux/
JMP+
[ IS ES
JMP/

bc
be
X6

ucs

INB
STe
INB
JBZ
HDA=
JMpP
KTJx
JMP
uC

CRTU%

RTJ*

e

e

RTJ*
STA

LUX
NXZ

“dh2

ALA
SKA
NAN
LbA
ALA
LDX
RTJ
SiA
LUX
JdXZ
LDA

SBA

JAN

STa
JMP%

TEXT
Jip-
C
LuX

"UNPAR#2

MICRU lol3 CROSS ASSEMUBLER SUURCE LISTING

OPERANDS

DAISY
UNPAR

s
“

TeQ

X466"
* %

*+6

use-1

0

*-6

TQUQ

ur+2

£33

CRLF

TTexX .
C'TYPE MAX CYLINDER !

HtQ?

Hle
M1SC o
TOSK

ut4

Tu73

1

NTK
uri3
MTSC
1
NUMSEC
Uoé
MTSC
TDSK
u72
MRSC
MTSC
ur3
HY~1*
FULL
u7

e
ETEX

04/10/75

1661
1662
1663
1664
1665
1666
1667
1668
1669
1670

1671

1672
1673
1674
1675
1676
16717
1678
1676
1680
l16bl

1682

1683
l6s4
16485
1686
1687
1688
16865
1650
1691
1692
1693
1694
1695
169¢
1697
1698
1699
1700
L1701
11062
1703
1704
1705
1766
1707
1708
1709
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Lnc

137F
1840
18381
183
1535

1837
1339
183u
13a¢

1890
1392
13794
13790
1397
1399
1398
1390
134F
1503
J Y
13A7
1879
158708

" 1BAC

18AE
Loy
1322
18bé
LB15
1867
1639
18ui
1BLO
18C1
13C3
13C4
18Co
13C8
1sCA
13CC
1300
1854
1808
13DA
lu9b
1300
13c)
luc3
1864
lsto
1se?

OBJECT

EC
44
1177
6453
olF8

0000
99F 0
3sDBA00
63k

0000
OYET
BEGE

[¢]¢]

63F7
0000
6A32
HAAA
C4C903C1
C2CCCSs
00

O69lLlF
6AB2

o]V]

6368
Q000
6905
6AH2

00

63F7
0000
HA3 2

o AAA
cociClce
CCCS

09

64902
W3EF
0990
HAAA
AQC6CFD2
CDC1D4AD
u3L7C904
C3Cy

00

63CH
370000

£ 70000
606

0000

V]

FlFY

ER

STMT

1711
1712
1713
1714
1715
Lilo
1717
1718
1719
1720
Licl
1722
1723
1724
1725
1720
17217
1728
1729
17350

1731
1732
1733
17354
1735
175¢
1737
1738
1739
1740
1741
1742
17435
1744

1745
1/«0
1747
1748
1749
1750

1751
1752
1753
1754
1755
1750
1757
1758

LABEL

ap

Lov-

* TYPE
ECF

* TYPE
EQu

EUI>

EENA

cTNAL

FROW

EDAT

INX
JAZ
RTJ¥*
Jmy
CRLF
DC

CRTJ

e
JMpx

uc
RTJ
DC
DC
JMPx
bC
RTJ*
RT J%*
be

veC
RTJ
T J%
HLT
JHMP*
DC
KTJ
RTJ*
HLT
JMpx
DC
RTJx
RTJ*

vl

3]
RTJ
JMP=
uvC
RIJ%*
beC

o]
JMb=
LDX=
LA=
De
50
Rul
STA

OPERANDS

ETEX=1
TO.
=6

%%

ETEX
X*8D3A00°
ECF

¥

ETEX

CO L]

Hlo.

€0Q

%%

CRLF

TIEx
C*OISABLE®

H'0*
FRSW
CRLF

EVLS
ETNAL
CRLF

ctENA
CRLF
TTeX
C*ENABLE?

HYO?

FRSW

ETNAL

&

TTEX

C? FORMAT SWITCH?

H1Q"
FRSW

X'66"
x%

ELAT-3

04/10/75

1710
1711
1712
1713
1714
1715
i716
1717
1718
1719
1729
1721
1722
1723
1724
L725
1726
1727
1728
1729

1730
1731
1732
1733
1734
1735
17306
1737
1738
1739
1740
1741
L7142
1742

1744
1745
1746
1747
1746
1749

1750
1751
1752
1753
1ib54
1755
1756
1757
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Lac

1BE9
1Ri83
1BEC
18¢E
18F 0
18F2

1HF6

18Fd
LBF9
1BFB
13FE
1Co0
1C02
1Co6
1C)43
1C09
1COu
1CoL
LCOF
1cll
1C13

1C15

ictL7y

1C19
1C18
L1c1c
1C1t
iC20
1C22
1C24

1C206
1C217
1C29
1C28
1ceC
1CZE
1C30
1C31
1C33
1C35
iC 37
133
1C3C
1C30
1C3F
1Cal
1C43

1Ca0
1C46
1C4A

CBJECT ER

89F 3

02

2801
L4F0
bAAA
AQLICFD2
C4A0
00

ELE3
RT2340
6AB6
OGAAA
AQC4C10D4
ClAa0

00

6AB8
E3D4
6ABO
6ABA
E3CH8

O6AB0 =

bAB2
61C4

0000

02

2801

1404

6ABO

6ABC

03F3

60
J00
Fl19
08
£EFOO
F90E
02
2801
14F1
6AAA
C3C5D2A0
AQ
an
ceFOO
1909
6AB38
ET70000
1C44
6ABO
oABA
6A4T7

SITMT

1759,

17060
1761

1762

1763
1704

LABEL

1765

17646
1767

1768

1 709

17,0 wemme e o

17171
1772
1773
1774
1775
1776
17717
1773
1779
1760
1781
1762
1783
1104

1785

1786
17187
1788
1789
1740
1761
1792
1793
1794
1755
1796
1797
1793
1799

1RG0
1801
1802
1803
1804
18095
1806
1837
1308

ETOD

ECB

STOR1

np

STX
ESh
ALA

- JAN

RTJ*
bC

" be

LDA
SBA=
RIJ%
FTJ*
bC

DC

RTJ%
LOAX
RTJx%
ETJy=
LUA%
RTJ=#
KT J*

S Jup

be
ESw
ALA
JAN
RTJ*
KTJ%
JMP*

DG
e
>TA
kKO1
LOv=
S1v
ESw
ALA
JAN
RTJy*
LC

DC
Lbv=
NAZ
RTJ%
LDA=
EQU
RTJ*
RiJ#

RTJ¥

OPERANDS

ELAT-0

1
EUAT-4
TieX

C' WORD

H'O*
EVOAT-6
BF2
TYPWD
TTEX

C' DATA

H!'O!
TSH
EDAT-3
TYPWD
TIS
EUAT-6
TYPWD
CKLF
ELAT-7

%%

1
*+6
TLI
TT4B
LTLD

XY66?
%
STUR1

H'Q?Y
STuURl=6

1
gCd-1
TTEX
C'CER

H*Q*
H'OY
STUK1l+6
158

0

*x=2
TYPWD
TIS
RUSTAT

04/10/15

1754
1759
1760
176l
1762
1763

1764
1765
l/o0
1707
1768
1709

1776
17171
1772
1773
1774
1775
1774
1717
1778
1779
1740
1781
1182
1783
1/7e4
1785
1786
1/si
1788
17¢9
1790
1791
1792
1743
1744
1795
1796
1797
1798

1799
1500
1001
lo02
1602
104
1508
13800
1807
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Luc

1C4C
JERTEE
iC50

1052
1C54

1C56

1C58
1C59
Llob

1C50
1C5F
1C61
1065
1C65

1C638
1COA
1CouC
1C 79
1C 171

1C73
1C74
1C76
1c77
iCc79
1C73
1C70
1Ca81
1C32
1063

1Ca5.

1C87
1C39
1C88
1CJb
1CuF
1Cy1
1C95

1C95
197
LCY9
1C98
1C90
LCOF
1CAQ
1CA2
1Lr4
1CAo6
1CAG

UBJECT

LABO
6AB2
6305

0000
ELFC
F1CF
08

cFFF
6101

Q000
6AAA
D3C2A0A0
00

o3F 5

0000
6AAA
AOCYD3A0
00

63F5

66
0000
02
28501
lary
6AAA
Cc2C102A0
AQ
00
6ABY
E015
AQ2F
6ABOL
6ABA
6A4Y
6A806
HABc
630F

0000
EL1FC
F10%
LFFF
6lou?
66

0000
F11ls
EF0OQ
F9OL
02

STwT

14509
1ol
181l
1912
1813
lal4a
1415
1816
117
1818
1019
15820
16821

T1u22?

1823
1824
1825
1626
1827
loc8
1329
16,0
lo31l
ly32
1333
1634
1835
1336
18317
I ER

1839
1849
1341
1342
1243
1844
lu4as
1840
13af
ldad
1649
1850
1851
1852
1853
1854
13595
1856
1857
1858
1359
1260

LAGEL 0P

RTJ%
S INE
JMPE

ECI uc

LOA
STA
RG1
Lov=
JmpP

ETSB oc

ANE
0C
oC
JMpE

ETIS DC

s
X

RTJ=

ne

uL

JMPE
BAR SB —=——-

oc

ETB o]0

ESW
ALA
JAN
KTJ*
bC

LC
rTyd%
LDA
AUA
RTJ*
RTI*
RTd®
RTJ=
RTJ=
JMP*

SR1 e

LOA
STA
LDV=
JMP
0C

SRB uc

~STA
LDV=
STV
ESh

UPERANDS

TYeWwn
LRLF
ECDH

X
ECI
ECB

H'-l!
ECo+7

=3
TIEX
c*'sSs ¢
H'O!
ETSH

£ £

TTEX

CY IS ¢
n'0"
eT1S

15 ———=

X606

P
RF

1

ETB-1
TTEX
C'BAR ¢

He*O"
158
SECTUR
DAVAL
TYPWD
TI1S
RDBAR
TYPWD
CRLF
ETB

%
SRI
SRB
Ht_lT
SRB+6
X‘bo'
E
SRe+l
H'O?!
SR1+1

04/10/75

1608
leus
110
loll
tovle
1813
114
1¢ly
181¢
117
1618
L81Y
1820
1821
1s22
1623
lo2a
1825
1826
1827
ls2a
1525
1650 .
1631
1822
1ss5
losa
lu3db
1836
1u37

lysg
1859
1340
1841
1842
1843
1844
145
JRSRY)
lsa7
la48
1349
1359
1u51
L3 L
1853
13854
1695
lev6
1857
1358
1859
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MICKO 1613 CROSS ASSEMBLER SUURCE LISTING

LuC

1CAY
iy
1C AU
1CAF
1CH3
1CB4
1¢85
1cnv7
1CH9
1038
100tk
1eLo
1cc2
1CC4
1CCo
1CCa

1CCa
1ccc
1CLD
1CCF
1Cul
1C03
1Cv5
1Cu7
1CDy
1Cua
1CVoU
1CUF
1CEOQ
12
1Cc4
1CES
1CEB
1CEA
1CEC

1CEE
1Cty
1CF2
1CF4
1CF 7
1CF9
1CFB
1CFO
106 F
1001
1003
1005
Do
1009
1JJA
100C

08JLCT ER

2301
L4F 2
6AAA
D303D2A0

£ 70000
6ABG
OLABA
6A55
6ABO
bAB2
6306

2A10
66

a000
2620
oA5Y
BFBO
14F3
SFOA
1C07
AFOA
2504
42

OlEF
BFEOT
1484
R+O6
1CEO
AF10
61lEF

0090
81FC
89 1A
a70002
2608
6Ll1A
0050
Sifro
2600
DFO7
AFBO
0ASB
2203
45
LDF5
o3kD

STmT

1861
lue2
1863

1864

18665
18606
1667
lbob
1669
1670
1v71
1872
1073
1874
1575

1376

1877
13873
1879
1380
18¢l
112
1883
loss
1835
1836
1837
1588
1809
1690
1831
1352
1895
1894
1395
1890
13897
JEIDR
13899
1200
1501
1902
16403
150%
1905
150¢
1967
1908
1909
1910
1yll
1912

LABEL

SR1

SR2

SR3

* READ

HX1

* 1YPE
HXGC

ucrT

GP

ALA
JAN
KiJ#
uc

3]
LDV=
NAZ
Rio®
LDA=
RT %
RTJ%
RT %
KTJ#
RTJ*
JME
HEX
ALL
Le

LRL
ANV=
AbV=
R1J*
LLL
DCX
NXN
JMP*

OPEKANDS

1

srB-1
TTEX
CUsSSR 1

HeQ?
H1Q"
SK3
158
0

. TYPwWD

TLS
RSOR
TYPWD
CRLF
S«

lo
X661
%

32
.
cror
HX1-3
XA
HIL1+5
XYA?
4

HX[+4
AV 7
HX1-3
Xt6!
HX1-3
X'10*
HIL

3
HXJ
Ewd
F'Z'
8
EWD+7
HXO# 7
)
Xe7e
cro
10.

3

=9

ocT

04710715

1660
1861
18562
1853

1364
1665
18¢6
1867
1¢68
1869
1870
1871
16172
1673
1674
1875
1876
1874
1878
1879
1680
1daul
lvg2
1683
1804
1885
1S9
lo67
1843
18¢9
14490
1891
1892
lu93
1394
1895
1695
lo97
lo48
lo99
1900
1901
1902
1903
1504
1905
19056
1507
1908
1409
1910
1911
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MICRO lo13 CROSS ASSEMALER SUURCE LISTING

Luc

T 100

1010

1013

1015
lo17
1019
10iB3
1010
1ULlF
1u2l
1023
1024
1026

1028

102A

102b

102w
102€

10390
1034

1034

1D35
1057
1039
1050v
103D
1041
1044
1045
lu+1?
1049
104D
104E
1050
1052
1055
1057
1059
105V
1D5E
1060
1002
1D6%
1066
1063
1069
1008
1oobw
1006F
10173
1074

0BJECT ER

0000
370004
2610
EFO0
ZA04
8FO0A
1402
AFJT
AFBA
6A58
45
LBEF
63E6

6AB2

66

c000

08
FO35
EFFF
F031

02

2301
14F1
6A82
6AAA
CS02D2CF
D2A0A0
0o

£035
6982
£035
70005
1408 o
£035
B10087
1CD1L
GAAA
AOCFCEAO
00

5ACA
61C6
0000
£027
2002

08

AFBO
FYO7
6AAA
DSCEC9D4
AOQ

0000

STMT

14513
1914
1915
1916

LABeL

upP

* TYPE 4 HEX

EWD

ivi7

191¢
1919
19290
1921

1922

1923
1924
19295
1926
1927
19248
1929
1930
1951
1932
1935
1934

1935

193¢
1937
1938
1959
1940

1941
1942
13943
1644
1545
1946
1947
lv4s
1949
1959
1951
1952
1953
1954
1955
16506
1957
1958
1959
1960
1661
1962

1903

EE2

EERR

ETP

EE3

DC

LDX=
Ll
Lbv=
ALL
SBV=
JAN
ADV=
ALV =
RTJ*
DCX
NXZ

JMPx

CRIJ=x

ne
vl
Rul
STA
Lbv=
STA
ESW
ALA
JAN
RTJ%
RTJ*
bpC

(8]08
LUA
RTJ
LOA
SBA=
JAN
LUA
SBA=
NAN
PTJ=
GC
DC
RTJ*
JP
e
LOA
LLA
RO1
ADV=
STv
RTJ*
bC

ue

UPERANDS

3 3

4

l6
X'or*
4
X*A?
*+4
Xr7e
X'BA?
10.

EWD+T
£WD

CRLF
Xthbt

2o ¥
X

ERNUM
=11
EFG

1
EERR-1
CRLF
TTEX
C'ERROR

HiQ
ERNUM
(V[@ ]
ERNUM
Fe5e
EE2
ERNUM
X10087?
EE2
TTEX
c?* ON
Hiol
TPD

EE2

%
UNIT

2

cro
EE3
TTEX
C*UNIT

0

04/10/75

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
13526
ly27
1928
1929
1939
1951
1932
1633
1924
1955
1936
19351
1934
1939

1540
1941
1942
1943
1944
1949
19546
1947
19446
1949
1990
Lyb1L
1952
1943
1954
1955
19,6
1957
1958
1556
1460
1961

1962
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MICRU 1013 LRUDD ADOEMUBLEK DUURLE LIDIING

LGC

1070
o734
1u7A
1otc
107t
1080
1084
1030
g’
1039
1033
LO8F
1093
Lu9s
16S0

1068
1099
1098
LNG¢
199t
1UAQ
1DA2
10A4
10A6
luAg
104A
LouAC
loatk
1DAF
1081
1033
1os5%
luss
Lud7
1089
1068
1080
1UaF
10C 1
10C.
10CS
10C7

10C9
10C8
10C¢C
10CE
10CF
1001
100

1uds

OBJECT ER

=013
1900
eJ2fF
1903
6AAA
ADC&C908
C5C4

00

6309
6ANA
AD2C5CD
CFO6C1C2
CCC5

00

63CA

66

03900
08

£031
1123
LFOO0
+031
7033
033
15t
EFFF
FO33
02

2802
1491
00

02

265
140F
71Dk
7100
EFFY
FO33
o300
ErFY
FO33
61lEB

0000
04

0955

02

2801

1423
6AAA ‘
cycecececes

STMT

1904
1565
1960
1967
1963
1909

1970
1971

1972

1973

1974
1975
1676
1977
1678
1979
1980
1941
1932

1933

19484
1985
lybo
1987
1568
1639
19950
1991
1992
16973
1994
19955
1996
1697
1 (/ ' ﬁ
1999
2000
2001
2002
2603
2006
2009
2006
2007
2000
2009
2010
2011
2012
2013

LABEL QP

LUA
NAZ
LUA
NAZ
T RTJx
[b] o8

Le
JiMpx

EE4  RTyx

(e

e
JMpx

DC
EHP De
RO1
LUA
JAL
Lbv=
STA
oM
LDA
NAZ
LDvV=
STA
CESW
ALA
JAN
HLT
EH2 ESw
ALA
JAN
WM
WM
LLbV=
STA
Jidpx
EHL Lov=
STA
JMP

GPERANDS

TD>K
EE4—-2
DAVAL
Et4

TTEX
C'-FIXED?

H'O!

Ere

TTEX
C*-REMOVABLE?®

Hig
efp

Xt66?
5

EFG
EHL
HeO!
EFG
EF1
EFL
EHP-1
Ho=1
EF1

2
EH2

3
EHP—-1
EHP
EHP
HY-7¢
EFl
EtiP
He-T70
EF1
EH2

£ TLLEGAL TRAP

#8100 ENIRY

ILree ue
DIN
RTJ
ESW
ALA
JAN
KTJd%
0c

&
15V SAVE KEG

1

Ll

TTEX

C*ILLEGAL TRAP FROM ADDRESS

04/10/75

1963
1904
1965
1966
1967
1968

1969
1970
1971
1912

1973
1974
1975
197¢
1977
1978
1979
1980
1931
1yg2
1983
1984
1985
1666
1987
1988
1989
19390
1991
1992
1993
1994
1995
1996
1997
1998
1949
2300
2001
2002
<003
2004
<005
2006
2007
20038
2006
<Ul0
2011
2012
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MICRO 1613 CROSS ASSLMBLLR SOUKCE LISTING

LoC

10LY
10uu
101
S Loes
1oey
108V
1DEF
LOFO
LOF2
1UF 4
10Fo
LDF8
1UFA
1DFB
1OFD
1DFF
1E0O
101
103
1E04

1E00
LEO7
108
1E0A
1£08
1600
1LOE
1LEUF
1£10
1£12
lE13
1L 14
1tlo
1EL7

e’

lE1A
LC1B
lE1C
bt
1E20
1£21

125
1£25
1827
e2a
1E28
j 34V
le2t
leer
1030
1E3¢2

OBJECT

crcliccaQ
V4aDeClLO
AOCOLUV2CF
CDAOCLCS
(4DeC503
D3AO
90
ELD7
6A80
vAv2
EFFF
FO31
48
F035
0AY0
34
34
6935
0b
63C3

04
0y
808C
EC
F9306
09
46
E4
F187
46
k4
r128
40
E4
F125
“©é
E4
F11D
8u3C
[00:]
OLAB

0000
3914
870007
46
1802
OF)

46

08
F500
08

ER

STMT

<014
2015
2010
2017
201y
2019
2020
2071
204¢
2023
2024
2025
2026
2027
2023
2029
2000
2031
203¢
2033
2034
2035

© 2036

2037
2038

12039

2040
2041
042
2043
2044
2045
2040
2067
2048
2049
2050
2051
2052
2053
2054
2055
2050
2057
2054
2049
2060

LABEL

Ty

up

bc
LDA
RTJ*

RTJ*,

LLOV=
STA
INA
STA
RTJ*%
NCP
NUP
RTY

"EIN

Jmpx

%820 ENTRY

182

% SAVE
ISv

DIN

,RO1

LOX
LOV=
STV
RG2
AwX
LDA-
STA
Aw X
LDA-
STA
An X
LOA-
STA
AWX
LDA-
STA
STX
ROL
JMP
REG
DC
ST X
LDX=
AWX
NGV
RQO4%4
AviX
RG4
STvY

- RU1

OPERANDS

H'O*
ILTRP
TYPWD
LRLF
H"'l'
EFG
ERNUM
HLTLP
IRR

ILTRP

xrace

IRR+11.

ILTRP
IRK+9
IRR+7
IRR+3
X18C*
ILTRP+5
wx
IRR+3

7

*+4

1RRsT

RESTORE REG

04710715

2013
2014
2015
Z201¢
2017
2018
2019
2020
2021
022
2023
20s4
2025
20206
<021
AP
2029
2030
031
2032
2033
2034
2035
2026
2037
2038
2039
20490
2041
2042
2043
2044
2045
20406
2047
2048
2049
204
2051
2us¢
2093
2054
2055
2096
2057
2098
2059
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MICRG 1613 CROSS ASSEMUBLER SOURCE LISTING

LuC  UBJECT ER  STw1  LABEL UF UPERANDS : 04/10/15 PAGE 0041
1033 4t ~ Z0ul , 1XA . 200U
1L 34 FSOD 20672 51y IRR+11 - ' 2061
130 63ER 2063 IMPT ISV 2062
 Z0ot4 % RESTLRE REG 2063
1£38 0000 2005  IRR (e %% ' ) 204
Lt 34 810000 2066 LOX= 0 2065
LE30 08 2067 _ RUG v 2066
13t EF0G000000 2004 LDV= X'0C000000? 2067
1E43 Q0 2004 e HeO® : 2066
Thh L3F2 - 2010 JMPEOIRR . » - ‘ . Lol
1£45 0000 2071  PWF 0C o 2070
LE43 04 2072 DIt 2071
1649 60903 _ 2013 RTJ 1SV 2072
1L 4D 00 2074 HL1 ' ) 2073
1E4C G000 2075 PWS ne *x 2074

1&at 6S9En 2076 RTJ IRK 20715 °

1E5) 661002 2017 JMP/  EXECH2 ‘ ‘ ' ‘ N 2076
2078 % ‘ 2071
153 0009 2079  EXWR DC L 2075
1ESYS GASB3S 2059 2TJd% IwCCA 2079
1657 6AAF 2081 RTJ%  LuuR 2080
1£59 63F g 2362 JHPE EXWR 2031
o 2063 % o ' o ) ‘ 2042
1E58 0000 2064 EXRD  DC % . 2083
1ES50 6A55 2085 RTIJ%  1dCCA 2064
E5F 6A4U 2066 RTJ%  LDAD 206¢%
icol o3fFe 20067 INP% EXKD . 2284
20y = 20487
1E63 0000 2089 ESCAD  DC #y ‘ 2080
1E6S FL10B 2090 STA #+13 2089
lELT EOLS 2061 Liia SECTOR . 2090
ltoy FOLT 2092 5TA SECTUR+Z 2091
lbad EOLY 20453 LDa BLOCKS 092
l1tou AOLS 20v% AGA SECTUR 2093
1LeF FOLS 2095 sTa SECTOR ’ 2094
LETL ETO000 2096 LDA= 0 2095
1E74 o3ED 2097 JMp¥k  ESCAD 2096
20¢3 % MOVE 2097
2099 % CALL KTJ% M. 2098
21¢0 = uc FROM . ) 2069
2101 = )] 16 ' 2100
21072 % e = BYIES 2101
1E76 08 ) 2103 POL 2102
1L77 66 2104 ul X166 21903
1678 0000 2105 MOV G0 wx 21G4
LETA S1FC 2105 LUX MUV . 2105
LE7C 09 ' 2107 RG2 2106
1670 C4 2103 LDA- - 2107
1670 F1OC 2169 STA MVLi+1 2108
L2046 2110 AwX 2109
lesl b4 2111 LoA— 2110
ltee F10OD , z11¢ STA MVZ+1 211l

134 46 ' 2113 AWX Zlle



MICKO 1613>CROSS ASSENMRL ER SCURCE LISTING

LGC UBJECT ER STMT LABEL P (PEKANDUS 04/10/75 PAGE 0042
1E85 E4 2114 LDA- 2113
1£86 406 2115 Al X 2114
1E87 89EF 21196 STX MUV 2115
1E83 4C 2117 TAX 211¢
1E8A 08 PARR: rO1 2117
1E88 13E9 2116 JXxz Muv=-2 2118
1£80 EEOOVO 2129 MVl LDV/ %% 2119
1E40 FEOOOO 2121 Mv2 S1V/ %% 2120
1E93 71F9 2122 Tunm MV1sl 2121
1E95 T1FA 21.3 Twh MV2+1 2122
1E9T7 45 celis LCX 2123
1£98 61F1 2125 JdMP MV1-2 2124
2126 * 215
1E9A 0GO00 21¢7  EM1Z o] *% 2126
1£9C €011 2125 LDA WCCA Zle7
1t9t 2801 2129 ALA 1 212t
1EAQ F106 2130 - STA *+3 2149
1EA2 6ACO 2151 RIJ¥ M. z130
lEA4 2040 2132 uc BF1 2131
lLAs6 2340 2133 LC BF2 2132
1EA8 0000 2134 oC 0 2133
1£AA ETDESD 2135 ° LDA= X'DBOD® 2134
leAv F3E2 2136 STARX  MVe+l 2135
1EAF 63ES 2137 JMPx  EML2 2136
2138 * 2137
1£€81 0000 2139 kL2l DC *¥% 2i38
1ER3 8011 2140 LDX WCCA 2139
1En5 4F 2141 TXx8 2140
1630 48 2142 ces 2141
1EBT 49 2143 INE 2142
168 872340 2144 LOX= BF2 2143
1e33 76086 2145 LUA= X'06DB6? 2144
1EBe F4 214> STA- 2145
1E6F 44 21417 INX 2146
1£C0 44 214% INX 2141
1ECL 49 2146 iNB 2148
1EC2 LAFA 2150 [M-%4 =4 2149
1EC4 2801 2151 ALA 1 2150
1£Co6 48 2152 INA 2151
1ECT F4 <153 S1A- 2152
1EC3 63E7 N 2154 JMP%®  EL21 2153
215% % ENTER SWITCHES 2154
LECA 0000 2156 ESP bC * ¥ 2155
1ECC 6ABZ 21517 RTu% CRLF 2156
1eCe 00 2158 HLT 2157
1ECF 02 2199 ESw 7158
1800 FO41 Z1o0 STA SW 2159
1Euv2 240C 2161l LKA 12 2160
lEU«4 QY 2102 RO1 2161
105 DFOF 2103 ANV= X'F0 2162
1207 BFOA 2104 SBv= X'A? 2163
1ty 1402 2165 JAN *+4 <164
1Evus T 2166 ADV= X*'T7¢ 2165

AFO7



S —

MICROD 1613 CROSS ASSEMBLER SOURCE LISTING

Loc

1E00
1eDF
l1EEl
1c€E3

1EES
1EET7
1EE9
1EEL

_LEED

1EEF
1EF1
ler3
1cFo6
1EFQ
1EFA
1EFC
1EF¢

1F01
1F03
1F05
1FO7

LFQ9
1F03
130

1FOF

1F1L1
1F13
1F15
117
1F 1Y
1F1C
1F1E
1F29
1F22
1F24
1F26
1F 28

1F2A
1r 2¢
1F2E

JBJECT

AFBA
6A5B
E041
63E5

0000
6928
3120
53F8

0000
69F 4
F10A
D70001
1904
71¢3
T1F1
ETU000
63EC

0000
090C
3140
63F8

2000
6404
3160
03F8

0000
E3FC
AQ020D
F105
DIFFLF
F104
0000
2398
0000
TlEb
T1E9
63E7
0000
693c
3920

STMT

2167
21¢38
2169

2110

2171
2172

2173

2114
2175

2116

211717
2178

2179

2189
2161
2182

2183

2184
21385

21606

2137
2168
2189
2190
2191
2192
2153
2154

2195

2196
2197
2193
2199
2200
2201
2202
2203
2204
2205
2206

" 2207

2208
2299
22190
2211
2212
2213
2214
2215

T 2216

2217
2218

2219

LABEL 0P
ADV=
RTJ%
LUA
JMP%

* DISK

*

=READ STATUS
% 160.46 USEC
ERT  OC

RTJ
18A
JMPE

% 200 ustcC

ESKUN OC
RTJ
STA
ANA=
NAZ
IWM
{WM
LDA=
JMP %

OPERANDS

X¥YBA?
1C.
Sw
ESP

% [/0 SUBROUTINES

¥

ERG
140
ERT

"% SKIP UN NOT DUNE

FE

ERT
®+12
xtooo1l?
*¢6
ESKDN
ESKDN
0
ESKDN

* READ SEEK STATUS

* 166.46 USEC

ERS DC %%
KTJ ERG
T6A 240
JwP% ERS
#READ BLIICK ADURESS
ERB ve L
‘ KTJ ERG
1BA 3,0
. JMpPE  ERB
#* READ REGISTER
® 137.2 USEC
ERG DC &
LDA%¥ ERG
ADA ADDRES
CSTA *+7
ANA= X'FFL1F?
STA ETES
e 0
ALA 8
ne 0
IWM ERG
TWwM . ERG
JMP% ERG
% LUAD CUNTROL REGISTER
ELCON ©OC %
RTJ Elu
0BA 1,0

04/10/175

2166
2107
2168
2169
2170
2171
2112
21173
2174
2175
2176
2117
2178

2179

2180
2181
2182
2183
2184
2185
2186
21387

2lc8 .

2189
2190
<191
2192
2193
2194
2195
2196
21917
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
<214
2215
2216
2211
2218
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MICRO 1613 CROSS ASSEMBLER SUURCE LISTING

LUC CGBJECT ER STMT LABEL (P UPERANDS
LF30 63F8 - 2220 JMP%  ELCON
2221 % CLEAR STATUS
132 9000 2222 ELST e %%
1F34 69AF 22723 RTJ ERT
1F30 DTO0OTE 2224 ANA= X'OO0TE?
1F39 6YEF 2225 RTJ ELCON
1F33 63F5 2220 JMPE ELST
227 ®LOAD SEEK ADDRESS’
1E30 0000 2223 EOLS ue ¥
C1F3F 60EA 2229 RTJ SCv
1F41 A027 2230 ADA UNIT
1F43 693C 2231 KTJ ELG
C1F45 3940 2232 OBA 2,0
1F4+7 63F4 2237 Jipx  EULS
2234 % LOAD WORD COUNT/CURRENT ADDRESS
LF49 0030 2235 EInC 0C * ¥
1413 E7I011 2230 LDA= WCCA
1F4E 6931 2237 RTJ ELG
1F50 3960 2238 OBA 3,0
1¥32 b3FH ' 2239 JMPx  EIWC
2240 & LOAD B8AK & READ
1F54 0000 2241 ELR 0L %%
1F55 EQ2F ) 2242 LUA DAVAL
1FS3 AO015 2243 ADA SECTOR
1F5A 6925 2244 RTJ ELG
LF5C 3930 2245 GBA 4,0
1FSE 63F4 2246 JMPF  FLR
2247 % LOAD BAR & WRITE
1F60 0000 ’ 2245 ELW 0e %%
1F62 EU2F 2249 LUA DAVAL
LFo4 AOLS 2250 AUA SECTOR
1Foo 6919 - i 2251 RTJ ELG
LF63 39A0 2252 Uba 5,0
1F6A 63F 4 2253 JMPE  ELW.
2254 % DISK IDT — INTERRUPT & CLEAR
1F6C 0200 2255 EIU DC * ¥
1Fol FT0009 22506 STA= 0
LF L E3F9 2257 LbA¥ EIU
LF73 [1F7 2254 IWM EIC
1§75 TLFS 2259 Twm ELID
CLFT77 AD2D - 2260 ) ADA AGURESS
1F79 F102 2zol STA *+4
1F73 E1F2 2262 LDA E10+3
LF /D 0000 22453 Le 0
LF7F 63ER 2204 JMps ELQ
) 2265 % LOAD REOGISTER
1F81 0000 1 22066 ELG e E¥
1£83 038 2267 K01
1F84 FllG6 2268 STA EGL
T 1FsL EO20 0 2209 LDA AUULRESS
1F88 F905 22710 STV x+7
1F5A A3F5 2271 AVAS  ELG

T1F5C FO0S Tp212 T STV %47

04/10/75

2219
2229
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2254
2235
2236
2231
2238
2239
2240
2241
2442
2243
2244
2245
2246
2241
2248
2249
2259
2251
2252
2253
2254
2255
2256
2257
2258
225¢%
2260
2201
2262
2263
2264
2265
2266
2251
22638
2269
22170
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MICRG 1613 CROSS ASSEMBLER SOURCE LISTING

LGC

13t
1F 92
1F90

1F98

1F9A
1FSC

LF9t
1FAD
1£A2
LFAS5
1FAS
1FAA
1FaC
LFAF
LFBL
1F83
1F35
1F87

C1FBY

1F3b
1FBD
1FUF
1¥C1
1FC3
1FCHS
1FC7?
LFCY
LFC3
1FCY
1F00
1F02
2000
2000
2001
2002

2003
2006
2009
200C

2909k
2010
2912
2014
2016
2013
2013

OBJECT ER

3B001F9D
3B001F9C

T1ES
er

63E5
0000

0000
3000
D7007F
A70080
F103
65A5H
£70000
63ED

00930

3120

DFO2

11FaA

3100

o3t 4

0000

3800

63FA

0000

107

3120

OF04

L1lFA
E70000
3900

o3Er

34
34
34

ET690F
F61FAQ
E7LFC3
FO58

2510
gosc
903C
LioF
1EQD
E71E06
FOC2

STMT

2213
2214
2215
221706

2211

22178
2219
22890
281
2282

S 2283

2284
2285
2286
22817

2268

22849
2290
2291
2292
2293
2294
2295
22906
2297
2293
2299
2300

S 2301

2302
2305

2304%

2305
2300
23017
2308
2309
2319
2311
2312
2313
2314
2315
2316
2317
2313
2319
2320
2521
2322
2323
2324

2325

LABEL GP UPERANDS
BM 0+04EGL+]1 LUAD GBR
CeiH CeOskEGL
TwiM LG
_IWwM  ELG
JMP%  ELG
cGl 5108 v}
x
¥ TTY
* -
TIN. LC
185 0,0 OR RTJ PIN
ANA= X'QO07F*
ADA= X'0080°¢
STA *+5 ECHO
RTJ%=  TO.
LDaA= O
JMPx TIN
PIN De %
18A 1,0
ANV=  X'2?
JAZ *—4
18A 0,0 .
JMPx  PIN o
TOT ueC *x
L3S 040
JMbs  TOT
POT DC *¥
STA %49
184A 1,0
ANV= X144t
JAZ *—4
LDA= 0
G3A 0,40
JMpPx  pQT
URG UDAT
NOP
N3P
NOP
* ESwW IF SW 1=1, USE PARALLEL TTY
* ALA 3
3 NAN 121
LDA=  X'690F?
STA/ TIN+2
LdA= POT
STA Q.
*820 INITIALIZE
L g 16
LOA X18Ct
e X1$03C* _
JAZ 121 81l
NAB 121 810
LDA= 182 3820
STA IT. '

04/10/75

2212
22173
2274
22175
2216
2211
2218
22179
2280
2231
2282
22383
2284
2285
2286
2231
22838
2289
2290
2291
2292
2293
2294
2295
2296
2291
22938
2299
23900
2301
2392
2333
2304
2395
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
¢320
2321
2322
2323
2324

PAGE 0045
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MICROU 1613 CROSS ASSEMBLER SOURCE LISTING

LuUC  JBJECT ER

2010 F04d2
201F F036
20921 FO8A
2023 FO3E
2025 EOCC
2027 F0OO3
2029 6000
2028 0000

STHT

2326
2321
23238

2329
2330

2331
2332
2333

LABEL

121

up

STA
STA
STA
STA
LDA
STA
JMP
END

OPERANDS

x1821%
Xtd6"
X'8AY
X1gE"
EX.
X103
X0
0

04/10/75

2325
2326
327
2328
2329
2330
2531
2332
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MICRE 810 CROSS ASSEMBLER CROSS REFERENCE LISTING

SYs0L DLFN REFERENCES 04/10/75 PAGE 001
47JKES 0040 0330 0395 0612 1519 2206 2260 2269

40 ULls 0174

BUATST 1201 Ollée 1213 1223 1232

3F1 0009 0010 0973 1117 1119 1164 1340 1392 2132

BF2 0010 0024 0874 0975 1023 1767 2133 2144

BLUCKS 0027 0901 0960 1054 1156 1319 1359 13712 2093

CcLR2 0085 1102 1165 1352

CLSTAT 0052 0610 1030

CRLF 0092 0152 0792 0796 1514 1530 1597 1637 1681 1728 1733 1738 1742 1778 1810 1847 lol4e 1928 1936

S Z01T 21517
cT. 0108 0126
CTST 0202 0108 0235
c1 0222 0228
c2 0205 0211 0220
C3 0212 0217 0229
Ca 2229 0234

DAISY 0036 0148 0176 1662

DATAL 0016 0303 0905 0907 0Yll 0912 0937 0938 0956 0967 1027 1045 1047 1048 1050 1052 1072 1074 1075
. 1097 1144 1149 1151 1153 1154 1297 1293 1299 1302 1305 1310 1312 1347

DAVAL 0041 OL46 OL76 0181 0185 0958 1488 1842 1966 2242 2249

DVAT 0003 0009 0014 0131 1496 2307

Dnl 1540 1333 13558 1360 136% ) )

DKZ2 1381 1322 1325 1328 1333 1341 1343 1355 1370 1377 1378
DK 3 1347 1334 1354 1365 1369

DK 4 1357 1363

DK> 1330 1379

DK 6 1362 13506 1361

DR w 1291 1203 1237 1247 1257 1270 1294 1307 1315 1330 1380
ECH 1790 0098 1797 1811 1l8i5 18ls

ECF 1717 0092 1720

£C1 1813 0091 1814

EJAL 1756 0079 1753 1759 1702 1766 1773 1776 1779

EOLS 1727 0086 11735
EENA L7730 0087 1742
EERR L1930 Qo077 19s7

£z 1928 1946 1949 19564

EE3 1963 1960

Et4 1972 1965 1907

EFG 0042 1489 1934 1980 1983 2019

EF L 0043 1491 1934 1985 1988 1999 2002

EGL 2218 2268 2273 2274

EHP 1973 0078 1986 1995 1956 1997 2000

EHL 2001 1981

EH2 1993 1691 2003

E10 2255 0002 2215 2251 2253 2259 2262 2264

ETAC 2235 0060 2239
ELCON 2217 0056 2220 2225

ELG 2206 2231 2.31 2244 2251 2271 2275 2276 2211
ELR 2241 0057 2244
ELST 2222 0052 2226
ELw 2243 0058 2255

EL21 2139 0085 2154
EML12 2127 0084 2137
EOLS 2228 0059 2233
EUS1 0021 N

£E2Q 1722 0093 1120



MICRO 810 CROSS ASSEMBLER CRUSS REFERENCE

SYM30L DEFN

ERJ
ERG
ERNUM

ERS

ERT
ES.
ESCAD
ESKUN
ESP
ETB
ETOD
ETEX
ETIS
ETnAL
ETpP
ETSB
EwWd
EX.
EXEC
EXRo
EXWR
Ex1l
Ex3
EX4
EX5
Ecl
FQ
FOY
FRa
FRSW
FIST
FULL
Fiy
F13
Flo
3
Fo
F5
£54
Fol
o2
F53
F54
F55
F1
GrAN
Hle
Hild
HLTILP
HJ»
R E!
HX:)
ILIRP
L1
IN.
I6LS

-

2198
2204
0044

2193

21176
0103
2089
2182
2150
1833
1781
1709
1826
1741
1955
1829
1914
0106
0007
2084
2079
0150
0190
0199
n183
2136
oll8
J0%4 0
oLle2
1748
0720
0N34
0931
Q919
0866
0792
0764
0307
0741
0821
0u50
U837
0841l
0845
0786
1188
0101
1887
00738
0102
1379
Lo9y7
2006
2018
0109
J059

REFERENCES
0055 22971
2177 2194
1932 1942
0061 2146
0054 2119
1546 1601
0081 2097
0053 21387
0103 2170
0097 1830
0080 1737
00bs 1710
0096 1330
1556 1171317
0104 1971
0095 1824
0094 1599
2330
0106 0125
0083 2987
0082 2082
0l4l oOlat?
0134 0139
N193
0177 01390
0132 0182
0721 01734
Q729 1530
0l63
1732 11740
0112 0790
1655 1704
0869 03829
0920 Q929
Olls 0dd+
0731
0761
Q746 017649
0738
0319 0Qu82Y
0832
0859
0830 0853
U&50
0767
1176 1189
1518 104l
1885 1895
0270 ©03i9
0101 1by3
0102 1898
0067 0CO6LY
2011
Ql29
0439 00623

2199
1944

2183
1612

2188
1848
1713

1747
1975

1902

0199

0136
0755
1552

1752

0891

0d85

oT7117

3833

1193
1685

0363
1889

1904
0069

2205
1947

S 2223

1659

2150

1718

1925

2077

0137
0786

0897

0866

0811

0834

1196

0429
1891

0070

2213

2021

1723

1920

018y

0914

0837

0837

1197

0462

1843

0071

LISTING

2214

0191

0925

0890

0843

1198

0575

0100

2215

0926

0893

06517

2015

0927

0894

0846

2021

0928

09Gé6

0948

2037

0908

2022

2049

0909

0930

04/10/75
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MICRO 810 CROSS ASSEMBLER CROSS REFERENCE LISTING

SYMisOL DEFN REFERENCES 047107175 PAGE 003
IRR 2065 2025 2033 2040 2043 2046 2052 2059 2062 2070 2076

ISy 2051 2008 2063 2073

{i. 0100 1523 2325
LTSt 0328 0109 0365 B
170 0335 0364

171 0353 0337

172 0357 0334 0336 0352

I'-CCA 0060 0488 2030 2085

121 2330 2322 2323

142 2329 2324

LA, 0lLil 0155

LAITST 0405 0111 0520

LOCUN 0055 0206 0223 0343 0345 0361 0491 0507 0518 0815 0913 1058 1160 1337
LORD . 0057 0534 0740 2086

LD AR 0053 0533 0749 0771 0779 20381

LPFURM 0047 Ol61l OL70 0196 1535 1555

L2 0447 0442 0444 0445 0453 0456

Lz2 0423 0430

L3 0429 0425

L3l 0438 0463

L32 0452 0445 0453

L3a 0402 0455 047G .

L4 0607 0494 0645 0650 0656 0669 0690

L4A 0495 0465 0472 0480 0510

L4B 0691 0676 _

L4l 0i24 0421 0424 0436 0437 0440 0528 0627 0639 0642 0643 0654

L42 0660 0609 00ll 0€l8 0619 0621 062z 0629 0630 0631 0634 0638 0641 0666 0667 0679 0637 0689 0693
0701

L43 0624 0613 0bio 0632

L4k 0666 0644

L45 0635 0614 0617 0668

L46 0656 0663 0715

Lot 0684 0640

L48 0670 0697 0707 0717 _ ,

LS 0549 0120 0533 0538 0551 0554 0569 0570 0571 0576 0577 0578 0579 0597 0596

L5 0120

L50 0562 0553 0567

L5t 0566 0556 05¢5

L52 0580 0564

L53 0569 0586 0596

L54 0575 0599

Lo 0530 0519 0543

L7 0523 0454 0529

Me 0059 0135 1500 2131

MO 0117 0175

MOST 1235 0117 1279

MU 2 1274 1268

MOV 2105 0059 2106 2116 2119

MRSC GnN31 0153 1652 1700 v

MSEC 0039 0138 0154 0157 046+ 0479 0493 0509 0531 0732 0760 0913 1112 1145 1179 1368 1503
MTSC 0030 0156 1lob3 1656 1693 1697 17C1

MULscC 0033 1222 1236 1246 1625

MV 1 2120 2109 2122 2125
MV 2 2121 2112 2123 2136
%12 0034 1100 1350

NEXT J170 0149



MICKU 810 CROSS ASSEMBLER CROSS REFEKENCE LISTING

SY30L OEFN

NTK 1650
NUMSEC L1648
oCT 1993
Ph. 0107
PARAM 14386
PASS1 Q046
PATGEN 1385
PGL 14305
PG3 1408
PGS 1452
PGO 1a2l
PIN 2499
POGRTS 0045
PNT 2299
PR 1508
PR2 1502
PR3 1493
PWF 2071
PaS 20175
P21 1510
P22 1514
P4l 1454%
P42 1473
P43 1475
P44 14380
RANTST 1170
RAL 1184
RAS 1176
RDHBAR 0955
RUSTAT 0054
READ 0083
RESET Q062
ROGRES 0291
RUIRT 0245
RN 0115
RR1 0323
RR2 0302
RR3 0315
RSSR 0661l
R11 0276
RT2 0277
RT3 0coT
RT4 Q65
RT% 9233
Rw Q936
RWe Jal1l9
Ra0 09417
Rwl 061738
RaZ 0452
Ra3 1026
Ring 0vy56
RAb 0492
T RAT 09383
Rw8 1004
RAY 0967
R1l 1016

REFERENCES
1634 1646
1627 1195
1912 1G+43
0127

0107 1512
0160 0169
1314 13599
1391 1354
1393 1395
1410 1415
1436 1440
2295

0133 1513
2306 2316
1495 1597
1497 1504
1509

0073

0074

1499

1412  1l4l7
1411 1474
1421 1423
1426 143%
oL1s 11306
1172 1183
1185

0385 0952
0207 0213
1071 1143
0300 0339
0212 0293
0205 0222
0173

0292

0298

0309

0443 0435
0246 0251
0248 0249
0259

0261

0279

0119 0947
0919 11903
0954 09606
0974 0980
0940

0944 1031
0952

0979

1008 102%
0993 0995
0955 0957
0999 .1015

1691

1572

0192
1407
1396
1397
1420

1510
1505

1422

1479

lo4Y
0224
1214
0433
0297
0247

0446
0252
0284

1166
0968
0981

1034

1000

0963

0195

1368
1413
1425

1506

1421

0230
1224
0560
0304
0256

0527
0257

1253
09¢8
09384

1013

1493

1404
1413
1430

1432

0580
1248
0945
0308
0266

0590
0258

0991
1001

1014

1466
1428
1435

1437

0710
1258

0315
0383

1872
0264

i009

1431
1440

1442

Ga51l
1271

02i4

1010

1433 1436 1441
1445 1459 1476
1447 1465 1469
1808
0282
1012

1443
1478

1470

1448
1481

1471

1449
1483

1472

1450

04/10/75
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MICRO 810 CROSS ASSEMHBLER CRUSS REFEKENCE LISTING

SYM30OL DEFN REFERENCES 04710775 PAGE 005
R12 100t 1017

R13 0968 1020

R31 1032 0965 0990 0997 1037

SA. o1l4 0172

SABTST 1126 0114 114l

SADD 0081 1033 1105 11C6 L1107 1357

scv 0121 90123 0150 2229

SECTOR 0025 0432 0532z 0810 0900 021 0922 0924 0959 1035 1036 1084 1089 1093 1111 1163 11756 1181 1342
1367 1lb4l 2091 2092 2094 2095 2243 2250

SFT 0049 0766 1537 1549 )

SINSEC 0032 0l42 1202 1212 1256 12606 1269 1332 162z 1624

SKPOGN 0053 0563 0831 0939

sRb 1556 0090 1852 1854 186z 1875
sv1l 1350 0089 1851

Skl 1806 1859

sn2 1869 1857

SK3 1872 1807

STORL 180> 1791 1794 1802

Sw 0050 1628 L1696 2160 2169

51 1142 1129 1132 1134 1136 1137 1138 1139 1147
s2 1143 1131 116l 1175

$3 1lo2 1133 1135 1168 1182

5 1132 1140

TADD 008D 1029

Tl 0091 0351 0573 0681 1765

TCNA 0093 0209 0<Z1% 0226 0232 0842

TDAT 0019 1002 '

TOIS 0086 0198 0763

TOSK 0029 0137 0133 0140 0158 0704 1501 1503 1611 1635 1687 1698 1964
TENA 00387 0785

TERR 0077 0263 0313 0350 0427 0450 0460 0572 0653 0678 0840 1028

1. 0063 1861l

TIN 22832 0063 2289 2315

TIS 0096 1775 1807 1844 1871

Tu. 0064 1714 1908 1923 2168 2287 2317
TOT 2296 0064 22943

T°PD 0104 0151 1953

TU 0093 1665 16173

1508 0095 1772 1393 1840 1868

Is! 3089 0428 0451 0461 0574 0682

TSR3 0090 0655

TTAB 0097 0387 1786

TTEX 0033 0793 151% 1531 1557 159¢ 1638 1682 1729 1743 1749 1763 1769 1798 1821 1827 1837 1863 1939
' 1950 1961 1968 1972 2012

TYPND 0094 1768 177/« L1777 1&Goe 1809 1843 1846 1870 1873 20lo

JER lueb 1642 lo4>

UNIT 0U35 0411 04¢y 050i 0516 0537 0684 0812 0915 1056 1158 1335 1607 1956 2230

UNPAR 1556 1498 1602 1663 16606

usi Lo4l 1636

uo 1669 1651 1675 1696
ui 1630 1658 16719 1705
uir2 1703 1699 -

urs 1678 1689 169¢ 1702
ula 1695 1683

wCe 0110 0130

wila Ju23 0371 0384 0487 0896 0969 10<1 1055 1157 1293 2128 2140 2236



MICRU 810 CRUSS ASSEMBLER CRUSS RLFFRENCE

SYA40L DLfFN

WR o
WRITE
wlsST
wWr2z
WT3
Wil
wlz2
Wi3
Wid
Wlo
Wi/
Wig

0il3
0082
0369
03532
0392
1042
1073
1079
1096
1097
1121
1115

REFERENCES

0165
0902
Q110
0374
0370
o113
1063
1070
1085
1104
1041
1080

0725
1051
0381
0370
0394
1044
1006
Lolo
1090
1113
10u2
1086

0762
109b

0378
0403
1260
1116
1095
1094

1087/
1091

1204

0380

1068
111y

1114

1108
1120

1234
0389

1077
1122

1109
1123

LISTING

1348

0390

iL1o0
1124

1125

04/10775
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ERRATA SHEET -

Refer to the section in the manual concerning line voltage
selection. This information is on Page 1 of Appendix A.

This paragraph should be changed to read:

"The A.C. power comes into the controller through the combination
AC cord ./fuse holder/voltage select assembly. This assembly, on
the rear panel of the controller, provides a safety interlock
mechanism when changing fuses or the line voltage selector card
between 115 volt and 230 volt operation.

In order to change from 115 volt to 230 volt operation, or vice-
versa, remove the A.C. cord from the assembly and slide the clear
plastic cover to the left, thereby exposing the fuse assembly.
Remove the fuse by pulling on the fuse removal lever, then remove
the voltage selector card. Reinsert the card with the correct
line voltage as stamped on the card visible to you. Insert the
appropriate fuse for the selected voltage into the fuse holder.
Slide the plastic cover back to the right over the fuse holder
and replace the A.C. power cord."






APPENDIX A
OPERATING CHARACTERISTICS, UNPACKING AND INSTALLATION

Controller Switches and Indicators

The Model 3040 Disk Controller has two control switches on the rear panel.
The power switch on the left side of the rear panel turns on the power to
the controller. When power is on, the indicator light on the front panel
will be 1it. The switch on the right side of the rear panel is the format
switch. When in the down or NORMAL position, it prevents the disk format
information on the cartridge from being altered. However, when it is in
the up or FORMAT position, writing of format information on the moving-head

disk cartridges can take place, as can writing on the write-protected sectors.

The AC power comes into the controller through the combination AC cord/fuse
holder/power switch assembly. This assembly on the rear panel of the
controller provides a safety interlock mechanism when changing fuses and

switching between 115-volt operation and 230-volt operation.

In order to switch from 115-volt operation to 230-volt operation, remove

the AC cord from the assembly and slide the clear plastic cover to the left,
thereby exposing the fuse assembly. Remove the fuse by pulling on the fuse
removal lever and push the voltage switch from the 115-volt to the 230-volt
position. Insert the appropriate fuse for 230-volt operation into the fuse
holder. Slide the plastic cover back to the right over the fuse holder and

replace the AC cord.

Switching from 230-volt operation to 115-volt operation is accomplished by

a similar procedure.
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Fixed-Head Drive Switches and Indicators

A1l controls and indicators for the fixed-head disk drive are on the front
panel of the drive. The off-on push button power switch, which is located
on the lower middle section of the front panel, lights up when the power is

turned on.

If the drive is equipped with the write lock-out option, there will be a
series of 16 switches in two rows of eight switches each in the upper left
hand corner of the front panel. Each switch controls the writing of data
for eight data tracks. The switches are numbered from 1 through 16. Switch
1 corresponds to the first eight data tracks on the disk (Track O through
Track 7), and the remainder of the switches correspond to sets of eight

tracks in ascending order. Switch 16 controls writing on Tracks 120-127.

When the Write Lock-Out switches are in the "down" position, the disk may be
operated normally with no write protection in effect. When they are switched
to the "up" position, any writing on those tracks corresponding to switches
in the "up" position will be inhibited, and attempts to do so will result

in setting the write lock-out error flag in the Status Register of the

Controller.

The Moving-Head Drive

Control Switch (Load-Run Switch)

This two-position rocker type switch provides a means for starting
and stopping the disk drive. Cartridges may be removed and inserted
when the switch is in the LOAD position. With a cartridge inserted,
switching to the RUN position starts the disk drive énd brings it

up to its normal operating speed in about 60 seconds. When the

A-2



switch is switched back to the LOAD position, the disk decelerates
to a stop in about 15 seconds. After the disk stops, the cartridge
receiver interlock releases and the cartridge can be removed.

NOTE: Switching to the LOAD position during a write operation
may result in garbling the data. The operator must
make sure that a write operation is not in progress
when switching to LOAD.

Indicator Lights

Load

This white indicator Tight is on when the spindle is not
rotating and tells the operator that cartridges can be
loaded or unloaded. The light goes off whenever the load-
run switch is set to the RUN position.

Ready

This yellow signal light (when on) indicates that the disk
drive is ready to accept and execute seek, read, or write
commands from the controller. The Tight comes on when the
disk is rotating at its correct speed with its heads in
position and no other conditions present that prevent
those operations.

Check

This orange light (when on) indicates that the disk drive is
not capable of writing due to Tow power. The light may be
reset (to off) by setting the load-run switch to the LOAD
position and then back to the RUN position.

Power

This red light (when on) indicates the presence of full power

to the disk drives.



The 4090 Power Supply

Power for each‘moving-head disk drive is supplied by a 4090 Power Supply
module. One or two of these modules can be mounted in a 4090 Power Supply
enclosure which is a rack mountable cabinet of the same dimensions as the
3040 Controller. It has a powér indicator 1ight on the front panel and a
power switch on the rear panel. The power switch turns the power on to
both power supply moduhes when it is in the "up" position. The rear of the

enclosure also contains the AC cord and fuse holder.

Operating Precautions

The following precautions and practices should be observed while operating
the moving-head disk drives in order to obtain the best performance and
longest 1ife out of the equipment. No special precautions are necessary
for the other components in the Model 3040 Disk Systems except when the

enclosures are opened.

Keep the dust cover on the moving-head disk drive to prevent unnecessary

entry of atmospheric dust.

A sustained audible tinging or scratching sound may be caused by a head in
contact with the disk. The cartridge should be removed from the drive
immediately to prevent further damage to the cartridge and/or read/write

head.

The operator must not force or attempt to override the various protection
interlocks in the moving-head disk drive. There are three such interlocks.
The dust cover must be installed, the cartridge holding clamps must be

closed, and the disk drive must be pushed fully into the rack.
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Disk Cartridge Handling and Storage

The following practices should be observed when handling and storing disk
cartridges. Refer to the manufacturer's instructions for more detailed

maintenance and cleaning procedures.

Before use, the cartridge should be allowed to reach a

stable temperature equilibrium.

The cartridge should be kept in the dust cover when it is out

of the disk drive to prevent dust from getting on the disks.

Cartridges may be stored flat or on edge. Several can be

stacked on top of one another, but avoid heavy top loading.

Operating Procedures and Installation of Cartridges

The following procedure should be followed when installing disk cartridges
in moving-head disk drives:

- Make sure that the front panel LOAD light is on.

- Pull the disk drive forward on its slides and open the
cartridge holding clamps.

- Push the sliding tab on the cartridge handle to the left
and Tift the cartridge handle, this 1ifts the cartridge
out of its dust cover.

- Insert the cartridge on the spindle, making sure that the
opening for the heads is to the rear. Lower the cartridge
handle to lock it in place and place the dust cover, upside
down, over the cartridge.

- Close the holding clamps, push the drive fully into 'the

rack, and depress the load/run switch to RUN.
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- If the READY light does not come on in about 60 seconds
or the CHECK 1ight comes on, consult the drive manufacturer's

maintenance manual.

To remove a cartridge, the above procedure is reversed:

Depress the load/run switch to LOAD. Wait for the spindle to

stop rotating and the LOAD light to come on.

- Pull the disk drive forward on its slides and open the
cartridge holding clamps.

- Remove the dust cover. Push the sliding tab on the cartridge
handle to the left, and 1ift the cartridge handle to remove
the cartridge from the spindle.

- Place the dust cover over the cartridge and Tower the

handle to lock the cover in place.

Unpacking and Installation

This section describes the procedures to be followed unpacking (or repacking)
each component of a Model 3040 Disk System and the procedures for cabling the
components of a system together and mounting those components in a stanéard
19-inch rack with 30 inches of depth. It is best to read through this

section before unpacking the equipment or attempting to cable it together.

Be careful when opening the cases to avoid scratching the finished surfaces
of the unit. Do not destroy the containers or the packing material since

they are required for reshipment of the controller.

A1l exposed parts of the controller should be inspected for evidence of
shipping damage. If any damage is detected, please notify the Manager of

Customer Services at System Industries; also notify the transfer company.
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After the components of a storage system are unpacked, it is recommended

that they be arranged on a large bench or table, cabled up together and to
the computer, and the diagnostic checkout performed before they are installed
in the rack. That way, if a problem is detected, access to the components

will be easier.

Unpacking Instructions

The controller is enclosed in a plastic bag and packed in a form-fitting
cardboard box with a cardboard floater on the top and bottom to prevent
the controller from moving inside (See Figure 2-1). When the controller
is shipped with the computer or disk cables plugged in, some Toose fill
packing material is put in around the cables to prevent them from bouncing
around during shipment. This box is packed inside a Targer cardboard
container with three inches of packing material on all sides. The rack
slides and the AC power cord for the controller are taped to the top of

the inner box for shipment.

Installing the Computer and Disk Interfaces

Generally, the controller will be shipped with the computer and disk interfaces
(including the cables and connectors) plugged in. However, in some instances
they are shipped in a separate container in the outer box containing the
controller box. They may be plugged into the controller using the following
procedures:
1. Remove the top from the controller enclosure. The top of the

controller enclosure is removed by unscrewing the six screws -

three in front and three in the rear - that secure it to the

chassis and, 1ifting the front end first, raising it away from

the controller. Figure 2-2 illustrates the location of the
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printed circuit card cage and five-volt power supply that

are contained inside.

. Raise the card cage. The card cage assembly consists of a
wire-wrapped back panel and twenty-one card slots to accept
and interconnect the logic of the controller, the disk
interfaces, and the computer interface. The long side of
the card cage to which the wire wrapped back panel is
attached is the back panel side, and the opposite side is

the card opening side.

Figure 2-3 specifies the printed circuit board Tocation in the
card cage (viewed from the card opening side) when the controller
is interfaced to a Microdata computer. Card slots X1 through

X4 are the disk ports corresponding to port numbers O through

3, respectively. An interface cable assémb]y for either a
moving-head drive or a fixed-head drive may be plugged into

any of these four card slots.

In order to get access to the back panel connections or to
remove printed circuit cards or interfaces, it is necessary
to raise the card cage. Raise the back panel side of the
card cage first by inserting the thumb and forefinger of
each hand in the two pairs of holes on that side of the
card cage, squeezing to release the card cage and pivoting
the backpanel side of the card cage assembly up until the
cantilever springs lock into place. In this tilted position,
with the back panel side up and the card opening side down,
access is provided to the pins of the printed circuit board
connectors.
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In order to gain access to the card openings, repeat the
squeezing and pivoting process on the card opening side of
the assembly until the entire card cage has clicked into

the "up" position.

. Remove the card clamp. The printed circuit cards are held
securely in place by a card clamp attached to the center of
the card opening side of the card cage. Lifting up the tab

of the card clamp will disengage it for removal.

. Remove the disk and computer cable clamps. Two clamps at the
rear opening of the controller assembly secure the cables going
to the disks and the computer. These clamps may be removed

by unscrewing the two thumb screws that hold each down and by
sliding forward on each clamp assembly until it is unhooked
from the chassis. Note: Sometimes the plastic material on

the bottom of the clamp will inhibit its sliding forward;
1ifting up slightly as you slide it forward will make

removal easier.

. Insert the CPU Interface. The Microdata interface to the

3040 Controller consists of two 5" x 7" printed circuit board
assemblies, attached by a flat ribbon cable to an 8 1/2" x

12 1/2" printed circuit board assembly.

Install the assembly by plugging the 3020-6004 board into

the card slot X7 - the bottom card slot at the rear end of the
card cage. Push the card into the connector until it clicks.
When the equipment first arrives, the connectors wif] be a

little tight, so it may require more force than normal in
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order to plug the card into the connector. When fully
inserted, the card should not extend beyond the card cage

opening.

Next, insert interface card number 3020-6002 (components side

up) into slot X5.

Dress and clamp the CPU Interface Cables. Carefully fold
the two flat cables coming out of the computer interface
cards one-half revolution clockwise and make a 90-degree
bend so that the cable extends out the rear of the controller
chassis over the cable clamp position furtherest from the
card cage. Line up the mark on each interface cable with
the inside edge of the cable tray in order to provide
enough slack for movement of the card cage to its oberating
position without straining the cable or pulling on the
interface board. Insert the cable clamp in the two slots
on each side of the cable and slide it back until it is
hooked securely in the cable tray. Notice that the round
side of the cable clamp matches the curvatures of the rear
of the cable tray. Tightening the two thumb screws of the

cable will secure the computer interface cables.

. Insert the disk drive interfaces. Insert the disk drive

interfaces, with cables attached, into the appropriate ports
(components side up). Make sure that they are fully piugged
in so that the printed circuit boards do not extend out of

the card cage.

Holding all cables from the disk interfaces, stacked on top
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of one another, straight out from the card cage, carefully

turn the stack of cables one-half revolution counterclockwise

so that the smooth side of the interface cable plugged into

the lowest port will be on top. Then carefully route all cables
at a 90-degree angle so that they come out the rear of the
controller over the cable tray. Align the mark on the smooth
side of the top cable with the inside edge of the card tray

and align the marks on those cables underneath the top cable
about three tenths of an inch inside one another in order to

provide a little space between each cable.

Clamp the interface cables securely, using the same procedure

as you used for clamping the computer cables.

. Re-install the card clamp and lower the card cage. Re-install

the card clamp to secure the printed circuit boards in the card
cage by hooking the bottom of the clamp over the inside of the

lower hem of the center section of the card cage and pushing on
the top of the clamp until it is in a vertical position and the
tab clicks in place over the center of the card cage.

IMPORTANT: Make sure the cards are all the way into the
connectors before installing the card clamp.

Lower the card opening side of the card cage first by pressing
inwardly on the cantilever springs that hold that side of the
card cage in the "up" position. Be sure to hold on to the card
cage assembly as you do this so that it can be pivoted gently
into the tilted position and click into place. When the card
opening side is down and Tatched, follow the same pfocedure to

gently Tower the back panel side of the card cage into place.
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Check to see that the card cage is securely latched in the

"down" position.

Replace the top of the enclosure, inserting the rear end first
and then Towering the front end. Make sure that the air flow
vents in the enclosure top are on the right side of the

- controller.

Rack Mounting the Controller

Rack mounting the controller requires two steps. The first is to attach the
fnterior portion of the rack slides onto the sides of the controller. The
three threaded holes on each side of the controller are used for that purpose.
Make sure that the interior portion of each rack slide is mounted as in

Figure 2-4 so that the spring tab end extends beyond the rear of the controller.
This is necessary in order to make the controller entirely accessible in its

extended position from the rack.

Next, mount the outside portions of the rack slide assembly in your rack,
making sure that when the controller is inserted in the rack the outer portion
of each slide will be matched with the inner part that came with it. The
outer portions of the rack slides are mounted in the rack so that the permanent
mounting ears are attached to the front mounting strips and the adjustable
mounting brackets, which are assembled as shown in Figure 2-5, are attached

to the rear mounting strips.

For EIA standard racks, the holes on the mounting strips are spaced in 1/2"

and 5/8" increments. Attach the mounting ears on the rack slides using the

upper pair of a set of the three holes spaced 5/8" apart. When attached in

this fashion, the top and bottom of the controller front panel will line up

midway between pairs of the holes spaced 1/2" apart. Aftaching the rack
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slides in any other fashion will result in gaps between the components of
the system when they are rack mounted.

IMPORTANT: When sliding the controller into its rack
slides or pulling it out of the rack, make
sure that the cables to the disks and the
computer do not slide over rough surfaces
or get crimped or pinched in any way.

Repacking Instructions

When repacking the Model 3040 Controller and interfaces for reshipment, follow

the instructions illustrated in Figure 2-1.

- Place the lower floater in the inner container.

- Pull the plastic bag over the controller and, after carefully
holding the cables along the side of the controller, insert it
in the inner container so that it matches the notches in the
floater.

- Fi1l1 the area around the controller with loose fill material,
place upper floater over the controller, and seal the inner
box.

- Tape the rack slides, brackets, and AC cord to the top of the
inner box.

- Fi11 the bottom of the outer container with at least 3" of
loose fill packing material and place the inner box inside,
being careful to center it.

- Place loose fill packing material all around and on top of the
inner box so that there is at Teast 3" all around. Seal the

outer container with tape for shipping.
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Unpacking and Installing the Disk Drives

For information describing the unpacking and installation procedures’for
the drives used in the System Industries Model 3040 Disk Systems, refer

to instructions provided by the disk drive manufacturer.

Unpacking and Installation Instructions for the 4091 Power Supply

This section describes the unpacking and installation instructions for the

Model 4091 Power Supply Enclosure for the moving head disks.

Unpacking Instructions

The 4091 Power Supply Enclosure is enclosed in a plastic bag and packed in

a form-fitting cardboard box.

The inner container is packed inside a larger cardboard container with three
inches of loose fill packing material on all sides. The rack slides are

taped to the top of the inner box for shipment.

Mounting the 4091 Power Supply Enclosure

The Model 4091 Power Supply Enclosure is rack mounted in exactly the same

way as the 3040 Controller. Refer to Figure 2-6.

Repacking the Model 4091 Power Supply Enclosure

When repacking the Model 4091 Power Supply Enclosure for shipment, follow

these instructions:

- Put three inches of loose fill packing material in the bottom
of the outer container. Place the Power Supply Assembly with
the rack slides removed inside a plastic bag and in the inner

cardboard shipping container.
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- Put the cardboard filler pad on top of the packed unit and
seal the inner container.

- Place the inner container in the outer container and fill
all around with three inches of loose f%]] packing material,
making sure that three inches is on top of the inner container

as well as around the sides.

- Seal the outer container with tape for shipping.

Cabling Instructions for Model 3040 Disk Systems

This section will describe procedures for cabling a Model 3040 Disk System

and connecting it to a Microdata computer.

Cabling the Moving-Head Disk Drives

Two cable connections are required for each moving-head disk drive: an
interface cable and a power cable. Connecf a power cable from a Model

4090 Power Supp]y'to the power connector - the right connector on the rear
of the drive above the terminator. Next, the 50-pin connector on the end
of the flat cable from the controller disk interface should be plugged into

and screwed down to the input side of the moving-head disk drive, immediately

to the left of the power connector.

A terminator board should be plugged into the output side of the disk drive,

below the other two connectors.

Cabling the Fixed-Head Disk Drive

The power for the fixed-head disk drive is supplied through a standard AC
cord coming out from the drive. The only cabling required is to attach the
connector on the end of the fixed-head disk interface cable to the rear of
the drive.
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Connecting the Disk System to a Microdata Computer

The controller is connected to the CPU by installing the large interface

board (3020-6006) into the next available I/0 position in the computer.

Once the system has been cabled together it is ready for operation. Insert
the AC power cord into the AC cord/fuse assembly on the rear 6f the 3040
Controller and plug in all of the system components. Turn on the power
switches to the computer, the 3040 Controller, the 4090 Power Supply and/or
the fixed-head disk. Then start up the disk system and run the system

diagnositc to check its operation.

Installation of a Second Model 4090 Power Supply in a Model 4091 Power Supply

Enclosure

The Model 4091 Power Supply Enclosure is designed to hold one or two Model
4090 Power Supply Modules. To install a second module into an existing single
module system, pull the power supply enclosure forward on its slides, refer to

Figures 2-6 and 2-7, and perform the following operations:

1. Set the second supply on its side across the midsection of
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