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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. 

All 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

line 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/O and direct memory access 

facilities of the minicomputer. All commands from the minicomputer to the disk 

system and status information from the disk system to the computer are transferred 

via Program I/0. All data transfers between the computer memory and the disk 

use the OMA 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: 

1 One Diablo Model 43 Disk Drive 
• One Diablo Model 44 Disk Drive 
• 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 1 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. 

t 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 

Number of Tracks per Drive 
Number of Sectors per Track 
Number of Words per Sector 
Total Drive Capacity {Words) 
Maximum System Capacity {Words) 
Bit Transfer Rate 
Word Transfer Rate 
Average Rotational Latency 
Head Movement Times, Max.: 

Cylinder to Cylinder 
Average 

TABLE 2-2 

Model 43 
816 
12/24 
256/128 
2,506,752 
10,027,008 
2500 Khz 

.156 Khz 
12.5 ms 

12 ms 
38 ms 

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

Maximum Number of Tracks* 
Number of Sectors/Track 
Number of Words/Sector 
Total Disk Capacity (Words) 
Maximum System Capacity {Words) 
Bit Transfer Rate 
Word Transfer Rate 
Average Access Time 

128 
12/24 
256/128 
393,216 
1,572,864 
3.4 MHz 
191 Khz 
8.3 ms 

Model 44 
1632 
12/24 
256/128 
5 ,013 ,504 
20,054,016 
2500 Khz 
156 Khz 
12.5 ms 

12 ms 
38 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 n~~d 

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 1/0 

instruction and are automatically maintained and updated by the 

3040 Controller throughout the ensuing transfer. 

NOTE: A 11word 11 is defined to be 16 bits in length. 

Once these three parameters have been initialized and the data 

transfer is started, the 3040 Controller wjll 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 1/0 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. 

1 Read and Write Operations 

The 1/0 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. 

1 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. 

1 Double Buffering 

In order to allow the computer some timing leeway 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 

OMA 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 OMA 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 OMA 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. 

1 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. 

• Bad Sector Indication 

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 

look-up tables may then be used to identify the replacement 

sector. 

• 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 11 FORMAT 11 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 operation 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. 

1 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 lower limit of the average 

rotational delay of the drive. 
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• Interrupt Generation 

The Model 4400/4500 Disk Systems are designed to fully utilize 

both the skip-on-condition (either 11 done 11 or 11 busy 11 ) 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. 

1 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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• 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. 

1 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. 

1 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. 

• 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/O 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 OMA 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): 
" 

• 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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BIT 

15 

14,13 

12,11 

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: 

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. 
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10 Address Verification Error. 
Indicates that the controller has detected a difference 
between the Block Address Word in the sector it is attempting ! 
to read or write and the Block Address it expects to fine I 
there. The controller initiates an automatic restore on that' 
disk. 

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

10,9 00 No Write Lock Out, Write Check or Cyclic Redundancy Check 
errors. 

01 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. 

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

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

8 Identical to Bit 0. 

7 

6 

5 

4,3 

2 

1 

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 

BIT 

12-14 

8-10 

4-6 

0-2 

3,7 ,11,15 

2,6,10,14 

1,5,9,13 

0,4,8,12 

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: 

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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BIT 

15, 14 

13-0 

• 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: 

FUNCTION 

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

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. 

• 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 

Disk Select: A zero 
disk and a one will 
moveable-head disk. 
fixed-head disk. 

FUNCTION 
will select the non-removeable 
select the removeable disk for a 
This bit should be a zero for the 

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. 

• 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. 

t 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. 

t 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 important if time-consuming 

instructions, such as indirect addressing sequences, 

are qeing 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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• 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. 

• 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 11 FORMAT 11 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 automatic~lly 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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Fixed-Head Disk Sector Format 

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

item in this sector is 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 

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 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. 

3-10 



Sector Marks~ 

----------1 ne Sector,------------

>, 
u 
s:: 
n::s 
-c 
s:: 
:::s -c 
-c s... 
Q) 0 

Q) 0::: 3 -c ..-- n::s 
..Cl u~ Q) 
E ..... u ..c: 
n::s n::s ..-- Q) s... 
Q) +> u ..c: Q) 
s... n::s >,u > 

0... Cl u 0 

Figure 3.3 
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 locations 15 through 8 

are transferred into accumulator bit positions 7. 

through 0 as register bit locations 7 through 0 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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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 in 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 (GER) Register has been modified to simplify 

disk operations with the Microdata byte I/O environment. One output 

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

3) In the Microdata controller, a 'l' 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 local 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 1oc16 . The device address 

and corresponding interrupt address may be modified per user 

requirements. In the description of the instruction set which follows, 

11 lower half 11 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. 

Output 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. 

• 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 Output 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. 

t 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 lower 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 OMA 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 Output 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. 

2. 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. 

3. 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. 

4. 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. 

7. 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. 

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

a Write. 

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 Output 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. 

2. 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. 

• 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. 

• Order Code 7: Master Clear the controller. This instruction 

initializes the controller and is equivalent to depressing the 

Reset or Save switches on the computer front panel. 

Input Instructions 

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

equivalent to the controller. The order code definitions are: 

1 Order Code 0: Read the Input Buffer Register. 

• 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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1 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. 

1 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. 

1 Master Clear 

The Model 3040 Controller contains its own master clear generator 

circuit and also receives the master clear signal of the program 

1/0 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. 

• 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 
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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 GER instruction, they are also under 

automatic control of the controller. The read disk bit is used to 

control the direction of OMA 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 
ERROR REGISTER 

INITIATE WORD COUNT/CURRENT 
ADDRESS SEQUENCE 

LOAD BLOCK ADDRESS REGISTER AND 
INITIATE EITHER READ OR WRITE 

OBA, OBB, OBM 
Order Code 1 

OBA, OBB, OBM 
Order Code 3 

OBA, OBB, OBM 
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 E16 (1410 ). 

4. The data buffer must be following: 

a. the first c16 (1210 ) words must be zero. 

b. the 016 (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 last 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 the bits 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 reformatted. 
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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. 

1 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: 

1 Microdata with 16384 bytes of memory 

1 Teletype 

1 3040 Controller 

1 One or more disk drives 

4-1 



Diagnostic Program Loading Procedure 

1 Load the Teletype Operating System (TOS) 

1 Place the Diagnostic Program paper tape in the paper 

tape reader; 

1 Set front panel sense switch 1: 

OFF for serial TTY 

ON for parallel TTY 

1 Type 11 R11 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 0-1FD2 16 and is not relocatable. 

Alternate Diagnostic Program Loading Procedure 

1 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 lever 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. 

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

reader control lever in the stop position. 

• 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 

11 G11 and then a zero to initiate the first prompt. 

1 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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• Describing the disk configuration; 

• Indicating the portion of the disk to be tested; 

• Indicating the interrupt address; 

• Indicating whether or not disk formatting between passes 

is desired; 

• 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 11 111 to proceed 
to the next prompt and continue running the 
diagnostic program. 
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Switch 

1,2 

3 

4 

DISK TEST SPECIFICATION CODE 

FIRST DISK TEST INFORMATION ENTRY 

Information Entered 

Unit (port) number 

Type of disk 

Are all disk parameters 
specified 

Code 

The port number, 0-3, 
expressed as a binary 
number. 

0 ; fixed head disk 
1 ; moving head disk 

0 ; enter additional 
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 

1 

2 

3 

4 

*If a 11 111 is specified: 

Information Entered 

Track Density 

Number of sectors per track 

(not used) 

Partial disk test 
specification 
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Code 

0 ; 100 tracks/inch 
(Model 43) 

1 ; 200 tracks/inch 
(Model 44) 

0 ; 12 sectors/track 
1 ; 24 sectors/track 

0 

0; test full disk 
*1 = test less than 

full disk 



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 

2 

3 

4 

Removable cartridge test 0 = do not test removeable 
indicator cartridge 

1 = test removeable 
cartridge 

Fixed cartridge test 0 = do not test fixed 
indicator cartridge 

1 = test fixed cartridge 

(not used) 0 

(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 "l" 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 

2 

Controls the number of times 
the disk is to be formatted 

Controls whether entire 
diagnostic or just formatting 
portion is to be run. 

0 = format the disk and 
run the seek all 
blocks test only once 

1 = reformat the disk and 
run seek all blocks 
test on every pass of 
the test 

0 = run complete 
diagnostic 

1 = run formatting 
routine only 

3 Controls whether or not a 
special format test is run 

0 = special format test 
not run 

4 

1 = special format is run 

(Not used) 0 

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

front panel of the computer. 
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Diagnostic Operation/Type Out 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 11 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 

2 

3 

4 

Controls whether Diagnostic 
repeats current operation or 
continues on with test. 

Controls whether or not the 
Diagnostic halts on an non­
recoverable error 

Controls whether or not error 
type outs are made 

Controls typing out of data 
errors detected on a data 
compare operation 

0 = continues with test 
1 = repeats current 

operation (Always 
set to zero initially) 

0 = halts after seven 
occurrences of an 
error 

1 = continues on errors 

0 = type out all errors 
1 = delete type outs 

0 = types out only first 
eight data errors 

1 = types out all data 
errors 

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

• 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: 

•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. 

1 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: 

• Seek to maximum sector plus one to test logical 

address interlock. 

• Seek to sector zero to check proper operation. 

• Seek to maximum sector to check proper operation. 

• Overlap seek while simulating a data transfer on 

the same port to test the busy error indication. 

• 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: 

• Write an incorrect block address in sector zero 

and verify that it causes an address verification 

error. 

1 Format disk in Write Protect mode to check for 

proper operation. 

Then the disk is reformatted normally and the test continues. 

3) Special Format Test: 

If sense switch No. 3 was set to a 11 l11, in response to the 

Format Loop Control prompt, two additional tests are performed. 

The message DISABLE FORMAT SWITCH is 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. 

4) Seek All 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. 

4-11 



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. 

6) 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. 

7) 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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• 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. 

1 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. DIAGNOSTIC 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. 

TEST NO. 

1 

2 

3 

4 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

Control and 

TABLE 5-1 

TESTS AND ERRORS 

TEST DESCRIPTION 

Error Register Test 

Interrupt Test, Skip on Busy Test, 
on Done Test 

Word Count/Current Address Test 

Skip 

Logical Address Interlock and Overlap 
Seek Test 

Test Unit Ready to Seek, Read or Write 

Seek to Sector 0, Hardware Error and 
Busy Flags clear 

Overlap Seek to maximum sector +l; 
test Logical Address Interlock 

Overlap Seek to Sector O 

Overlap Seek to Maximum Sector 

Overlap Seek with Simulated Data Transfer 
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ERROR NUMBER 

1,2 

0,3 

4 

5 

6, 206 

7, 11-14 

15, 17-22 

23, 25-30 

31, 33-36 



TEST NO. 

4.7 

4.8 

4.9 

5 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

5.10* 

5.11* 

5.12 

TABLE 5-1 (continued) 

TEST DESCRIPTION ERROR NUMBER 

Overlap Seek with simulated data transfer 37, 41-44 
on another port. 

Seek/Read Maximum sector +1; test logical 
Address Interlock, Skip on Error Test 45-47 

Seek/Write Maximum Sector +1; test logical 
Address Interlock, Skip on Error Test 50-52 

Format Test (for Moving-Head Disks only) 

Format disk with Write Protect Bit = 0 

Write block number in data portion of 
each block 

Read each block and verify block address 
is in data portion 

Format Sector 0 with incorrect block 
address 

Attempt to read Sector 0, check for 
Address Verification Error 

Attempt to write Sector 0, check for 
Address Verification error 

Format all sectors in write-protect mode 
Write Protect Bit = 1 

Write maximum block number minus block 
number in data portion of each sector 

Read and verify that maximum block number 
minus block number is in data portion of 
each sector 

Attempt to format with format switch 
normal; check for format error 

Attempt to write with format switch 
normal and sectors write-protected; 
check for Write Lockout Error 

Reformat the disk with Write Protect 
Bit = 0 

53-55 

75-100 

101-104 

173-175 

176-177 

200-201 

56-60 

105-110 

111-114 

202-203 

204-205 

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 All Blocks Test 125-130 

8 Random Seek Test 131-134 

9 

9.1 

9.2 

9.3 

Single Sector Write/Read Test 

Write entire disk with data pattern one 
sector at a time 

Read entire disk one sector at a time 
and verify accuracy 

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

135-141 

142-146 

147-153 

10 Multiple Sector Write/Read Test 

10.1 

10.2 

10.3 

Write entire disk 1-1/2 sectors at a 
time with fixed data pattern 

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

Read entire disk one sector at a time 
and verify accuracy 

154-160 

161-165 

166-172 

NOTE: A 11 WORD 11 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 11 ILLEGAL INTERRUPT FROM ADDRESS 11 is typed 
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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. 

mitted to the BAR. 

Each value is loaded into an accumulator and trans­

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 line 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 O, 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 line 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 LS. 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 

a 11 owa b 1 e ti me . 

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 Seekf/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 

attempting to write the maximum sector plus one in the maximum 

a 11 owa b 1 e ti me . 

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 Wll. 

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 11 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 0 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 incorrect. 

Sub-Test 5.8 

Description: 

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

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

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

should be executed. 

Errors: 

105 - 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. 

106 - 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. 

107 - Indicates that the data in the buffer was modified during 

the write operation. 

110 - 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 Al0116 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. 
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Sub-Test 5.11 

Description: 

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 

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

The operation of Wll 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 All Blocks Test 

Description: 

Using subroutine Wll, 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 operatiot;l 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 Wll 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 ze~os; (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 flag to be set. After the done flag is set, the CER is checked 

for the occurrence of erros and the Block Address Register value is checked 

to be sure it was incremented by the correct amount. The contents of buffer 

location BUFl (data) is compared with the contents of buffer location BUF2 

(read/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 

word 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 BUFl and BUF2 is change~ 

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 

Sub-Test 10.1 

Description: 

- Multiple Sector Write/Read Test 

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 con1plete the write 

function in the maximum allowable time. Note that if the 
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value in the BAR is one greater than it should be, the 

error occurred during 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 buffer compare 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 verified 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 these 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 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 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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1015 0018 0137 DC fDSK OlJ6 
1017 0010 0 lJJ O'' '· M5EC-TOSK OlJ7 
10 I.'} d 73 1t34 0 13'' LUX= X'J4'34 1 oua 
lO lC EOl.li 0 14:) Ll:A TlJ~K 0139 
1011:: 19 ll Q l. 1t 1 Nill EXl 0140 
1020 EOZl 01.42 I LDA '.:.INSEC 0141 
lOU 2807 0143 ALA 1 01'+2 
l 0 24 11 ') j 0 l 41t JAl *+5 OUtl 
lJ.fo :> U 'tOl •)lit 5 LOX:= X'24•H 1 01 't-'t 
l JZ•J EOU 01 't :J ll)A IJ . .\VAL 01't5 
102'3 l 'JJ't '.Jhl NAl E Xl 0146 
1o2u 1:029 0 l ·*3 LUA DAISY Ol't l 
l'.) 2 F lC32 0 l 't9 NAN NEXT Ol 1tR 
lJJl ilotC 01 <;Q EXl :) TX SCV+2 Ol't9 
l LlJJ 6ACA 0l'.l1 i-U J*- TPO 01~0 

10.h 6Ad2 0152 i<. T J-l< C i'L F 0151 
10!1 tOlf l)l )3 L1JA MRSC 0152 
lOJ'-J FOZti 0 l 5ft STA MSEC 0153 
l :)3 ;3 6AIJ6 Ob5 Rf J* L>\. OVERLAP SEEK - LAi TEST 015't 
l)Ji_) EO lO 0 l 5t) llJA MfSC 0155 
l·J3r' i=OZtl Oi57 STA MSEC 0156 
1 J•t l E018 () l') d LOA rosi<. 0157 

- - -------·--·---···-
J.J~j l )J:J 0159 NAL <HlO 0158 



0 11> l 3 CkOSS ASSEMinER SOUKCE LISTING 

1J'-lJtC T ER :.>T.H LAoH [J 1> U!'l::kAl~DS 04/ 10175 PAGE 0004 

E ,)J'J () l ,, ') L !)_·\ ?I\'.>~ l 01 '>'J 
A0-~11 !) li> l ~'I.;) .r ... • LPHJ.{I~ o i ,.o 
l l I) 2 Olu~ J:, I :~+It 0161 

· 6A1Hl 0 l ~,J HTJ* r i{. FURMAf Oli12 
O lu!t *ONE WO I\,) llKI ll::/kt:AD lEST Olo3 

(,,\1)1\ 01 o'> Kr J* we· ". Olf14 
o,J.ttJ () l &f. UC x I OO•t1) 1 Olo5 
Oll<lO 0 l u 7 ~c () 0160 
0()\) l Olf.d UC l 01'>7 
blJ'-l 0 l :,) LDA PA'.>S l OluU 
A03l\ Ol/0 All A LPFURM 01&9 
l l ll 2 0171 J/1 l *+'+ OlJO 
6AllC 01'2 RTJ* '.>A. Ol ll 
6A lJI::'. 01 (] K.TJ* ~N. o 1 r2 
&.\L:O 0 1 f'.t 1< r J* "ll • 0173 
6Al2 0115 il. T J* ;~!). 01 {4 

t02f 01 lo NEXT LUA 0/1\/AL 011? 
190A 0 l -, , NAZ EX5 Ol f6 
EO.~ 9 l) 1 f 'J l lJA DAISY 01 77 
2 ll'I l Oli9 /'.LA 1 0178 

l l 1) '• 01 H!) Jt\/ L X'j 01 l') 

l'O!f 0 Ull ::. TA UAVAL OlHO 
61 /,O 0 li.lL j ,'\f' tll-2 u l H l 
()cl 0 lli:l EX5 KUl Olil2 
E i'Ot) 0 l b't LDV= H'O' 01 t.i3 
FC2F 0 l d :> ::. TA Ut\V AL Olb4 
El 'lrl Q l OU LUA Ul 0 l tl5 
Al9ll 01~7 /l lJ/\ E.:1+4 0186 
f-1')7 0 l J:l STA [Li CJiti7 
7901 OlB9 ln1M EX.Hl 0128 
E 70000 019<) EX3 L lJA= 0 OU\9 

19.:li: Cl'il l\AZ Ul-2 0190 
t039 01)2 LL'/, PASC>l 0191 
ll OA Jl9J J1\Z EX4 Ol.92 
HOO u 1 'i '• LOV= H'O' 0193 
F039 0195 STA PASSl 0194 
E03B 0196 LDA Ll'HlR:-1 0195 
1902 0191 N i'.L *t-4 01 C..6 
6AA& 0 l ')l PT J•" TOI S 0197 
661002 l) l (.J'-) EX4 J'~P/ UlC+2 0198 

02')() * CONTRL:L AND EiUWR KEGI::.TER H:ST 0199 
0201 * 0200 

OOl)Q 0202 crsr DC ** 0201 
08 0203 IWl 0202 
E f-t)2 02J4 LOV= H'2 1 0203 
69JE 0 ;~ () '} CZ fd J RGTH.f 0204 
oA '1 h 02\)i) ~! l J * UlCUN 0205 
6A47 0201 RlJ* KOST AT 0206 
OJ 1f- 020tl DC x•oo1F• 0207 
6.'.\Bt 0209 HfJ* f (NI) 0208 
OCOl GZlO DC l 0209 
6lf2 0211 JMP CZ 0210 

06E 11 lf 0212 C3 RfJ/ RGK E::. 0211 



MICRO 1013 CROSS ASSE Mf'U:R SOUkCE ll5T!N(, 

LOC UGJf:C T E i{ ST i'• T LABEL UI' OPf:RAfJDS 04/ l 0/ 75 PAGE 0005 

l 01\A 6A47 02 l:l -----------·-- KTJ* RDS UT 021£ 
lOAC fEOJ OL14 DC X'FE03' 0213 
1011[ &AoE 0215 RTJ* TCNB 0214 i 
101~0 0002 0216 UC 2 0215 ~ l ()fl 2 61F3 021/ JMP C::> 0216 
lOr\4 1404 0218 JAN *+6 0217 
l0ll6 2001 on'> LLA l 0Ll8 

J lOUd o l Of- 0220 J,'IP C2 0219 
lOilA UOLOl 0221 LOA= X'J.01 1 ono 
lOrlD o91A 02LL --~l HlJ RC.TH.£ 0221 - . - --- . ·--·--·-
lOilF 6A 1+B 02n IHJ* LUCuN 0222 
lOC l oA41 OV4 RTJ* ROS TAT 0223 
l OL 3 01. 7f 0225 DC X'CH7F 1 0224 -------···- -· -- -·-------- ··---~ 

lOC5 6At\( 01.26 1{ T J* TCNB 0225 
1OL1 0001 0~27 UC l 0226 
l ov; t>lFZ u.ua JMP Cl 02<'.7 
HlC.U 6d0B OL~9 C4 RTJ~ C3+1 OL2& 
lOCU 6A47 o.uo RTJ* RUST AT 0229 
lOCF 017F 0231 oc X'Ol7F 1 02:>0 
lOJl 6Ai31: onz RTJ* TCNB 0231 
10D3 0002 0233 oc 2 0232 
10lJ5 6lf4 02 .J 1t JiH' C'+ 023} -
1007 63 fH:l 0235 J,'if'* CTST 0234 

02J6 *REGISTER rnANSFER TE'.> T 023'> 
0237 *CALL LDA=VALUE 0236 
0238 * RlJ RGTRT 0237 
02 j '1 * r~ LJ" LUSbK 0258 
02'+0 * i{ l .J~· IW S l:lR 02 3<1 

02 1• l * l)(, f.IASK 02't0 
0;;:42 * RTJ* TY PUUl 0241 
OL'd * DC ERR NO 0242 
02't4 * 0243 

l 0tJ9 CU00 0245 RGTRT UC --~ 02'14 ~~ 

l Oil cl f-1 LF OZ·t6 '.)TA R ii. 024:.. 
lOUU ti I.I- A o.:::: ... ·1 l.DX t<.G Tk T (J 2'+6 
lOOf 69.H 0248 klJ RT2 0247 
101:1 &'>2F 0244 RTJ RT2 024& 
lOE3 04 U?.'JO ANA- 0249 
l Of-4 Fl2tl Ohl STA RTl+Z 02 50 
llJL(, E 1L 1t 01 S2 LU A Kfl o.: 51 
l0l:8 04 O..'. ?3 ANA- OL52 
l OL 'i 44 02?4 lNX 0253 
lOEA 4'• 0255 !NX 0254 
l Otll !l9 lC 02 :.r,- :, l x RGTRT 0255 
lOlO 1-iZl O?.? I SIA KT1+4 0256 
l {) f.l' f\110 o.::::5U ~o A PTl+Z 02?7 
l 01 l l l ()[) 04?<;' J1\L R f3 025El 
lOfJ E4 0260 Lu/,- 0259 
l lt • Fl Ob 02Ll s r ,\ R.T4 0260 
l 'Jf 1, E: 5•J2 ozu LUA+ z 0..'.61 
l JF S b 94 Oh3 RTJ* H:RR 0262 
l J;: ,\ E l 't OL 6 1• ll.lA RTl+'• 0263 
lJrC 0 00 0205 RT4 DC 0 0264 



• ~fC,{0 1613 CROSS ASSEMuU:R SOUKCE LI!> fI NG 

l ()(. OllJCCT ER STMT Lt.BEL f;P OPER!\NOS 04/ 10175 PAGE 0006 

lOH: d 10'1 O?'>o LUX KGlRT 02&5 
11.UO OB 02r, 7 RT3 R04 0266 
l l il i 46 O<:otJ A.,.X 0267 
1102 () 8 O?o·J ROl 0268 
l HU 6A9o 0-:70 RTJ.:< HLTLP- 0269 

• l l tl 5 6102 0271 JMP *+4 0270 
l l (J 7 4't 0272 INX 0271 
l Hl8 44 0213 INX on2 

'· 1109 E:l 0 l 0274 l D ll KTl 0273 
llOB 64 Oi7~ J~~?- 0274 
ll oc 0006 02n RTl DS 0 0215 
l lU 0000 oz 77 RTZ DC *ll< oz fo 
111 + E4 027d ltJA- ozn 
1115 Fl'.H 0Zl9 ST A iH5 02 fl.J 
11 u 44 0280 1 r,x 02/9 
lllH 44 ()!'.ql IN X 02 JO 
11 l 'J Elf c··· ----·---·- --- .. 

0232 LOA Rfl 0281 
lllh 0000 02a3 RT5 uC 0 ozez 
111[; 63F3 02ti4 JMP* RT2 02U3 

02 tJ'j ¥ RtGISTEK K.ESET TEST - SAVES AC oza4 
OZ£o ;.}. Cl•LL !dJ KG RES 0285 
02d7 * PTJ* RDS CR 02<Jf_, 

.. 
02 >!ii * UC. "IA:) i< 02b I 
02 ::J'J * KTJ* lYPOUT 02f 8 
02'10 * oc EKRNO 02b'1 

11 if 0000 oz 'i l RGP.ES uC ** 02 1JO 
1121 Fl2F 029? SIA Rld•l 0<:91 
llZJ f:ifA G i. <'J J LUX RGRES 02 'JZ 

l 12'.J E4 02 '-''• LUA- 02'}3 
1120 44 029':> lNX 029't 
112 7 44 02'70 INX 0295 
112 ~l 89F') 0297 STX RG:{ES 0296 
lll.'.\ Fl05 02·1;3 S I A RR2 0297 

ll t:'.C 04 0299 DIN OZ'lti 
lUD oA57 03JO f<. 1 J* RiOSf::f 0299 
112F 39EO 0 3 () l OHA 7' () 0300 
1131 0000 0302 RR2 DC 0 0301 
1 UJ 05 0503 E:I N 03G2 
ll >4 81E9 OJ04 1. ox RGRES 0303 
1136 04 0305 t.Nf;.- 0304 
.I. J.3 7 't4 0306 INX 03:)5 
l Ud 4'+ 031H l i~X 0306 

11.H 89E:4 030il STX RGKES 0301 
llJK 1109 0309 JAZ RK3 030d 
l l JLl 1::4 0310 LOA- 0309 
l l l E Fl 0 1+ 0 ::.11 STA *+6 0310 
l ll+() t ':> c)Z O~iZ LOA• 2 0311 
l l 1t2 6A-J4 03U f::T J* TUlR 0312 
1144 0000 0314 [;C 0 0313 
1146 8107 0315 RR3 LDX RG;{ES 0.314 
l l'tH OB 0316 RU4 0.315 
11'+9 46 0311 A•-IX 0310 
lHA Ots 

-·- ·--·-----· ---··-
03ld KOl 0317 





~IC~O 1613 CROSS ASSE:MBLER SOUKCE LISTING 

LuC UBJECT ER S T1'il LABl:L UP UPl:RAiltDS 04/l 0/75 PAGE 0008 

11 1\ 2. Otl 0372 f\ u l 0371 
l lld le FOO o:n 3 LDV= H'O' 0372 
l1A5 [,910 0314 RTJ vH2 0313 

i_ 11 Al f:F FD OJ/5 LOV= H '-3 1 03 74 
llA9 690(. ()j 11.J kTJ I> T 2 03 75 
llA8 I: lAAAA 0311 LUA= X'AAAA' 03 76 
l lAE 6907 OHo f~ T J WT2 0377 
llf.() I: 7':>'>54 03 7<; l Ui\:: x. 55':>4 1 0378 
llb3 6902 O..i<>O RT J >HZ 0319 
l1B5 6JE4 03hl JMP~' liT ST 031.JO 
l i ij 7 0000 0382 WT2 iJC ** 03dl 
1189 oE1009 03fl3 RTJ/ KGTRT 0382 
llBC 6All 0384 RTJ* WCCA 0383 
llbE oA49 ll.:id5 RTJ* Kelii AR 03f34 
llCO 7FH o3ilu Li( .. X1 7Fff 1 0385 
11(.2 ti Ml(. 03o7 K l..1* lI AB 0336 
11c 1t OOG 1t UJtitl oc 4 03!!7 
llC6 61Fl OJ8q JMP WT2+2 03b8 
l1C8 631: iJ 0390 JMf'* Wf 2 03tl9 
llCA 3960 o J 9 I {IP,{\ J,O 0390 
llC:C 0000 03'12 WT3 lJC ** 03C;l 
llC l f-l QC () 3 <;_; :, TA *+14 0392 
111)0 Elf 8 ()344 lDA (/1 3-2 0393 
il02 A02D UJ'1':> ADA AUD Rt: SS 03<,4 
1 llJ4 FLOC OJ(J6 STA *+14 0395 
11 U(> lJ 11-1-lF 0'h7 Atl.f'= X'FflF' 03% 
l ll.l 9 HOJ () 3'J8 STA *+-5 03'H 
l lLJ t) c 70000 03q<J LOA= 0 039B 
l lUI: QQ,)0 0400 UC 0 0399 
11!:0 LCOO 0401 ARt 8 0400 
l l t: 2 0000 ()402 LJC 0 0401 
l il4 ld t 6 l)40) JHI'* w f3 0402 

U't04 ~'LOG! Cid ADOKl:SS I NH:~LOC.K & OVf:RLAP SEEK TEST 0 1+03 
0405 * 0'+04 

1 U'6 l)OOO ()11 () 6 LA IT 5 T oc ,;~* 0405 
111' d 00 0407 IWl 0406 
11[9 l:Ffb 040tl LDV= H •-s • 0407 
l lUl '+C ()It\) 'J f A;< 01tU8 
1 u:c 4F () 41(.J IXB 0'tfl9 
11 l cl E 02 7 ()4 i 1 LUA UNIT 0410 
l l f: F ~002 041L LLA 2 04il 
1111 ·+C 0413 TAX 0412 
llf2 CFO l l!'i J 4 LDV= H' 1' 0 1tl 3 
11 F t 130 7 0't t 'J JXl •H9 0414 
1 lf (, 2804 O•t l I> ALI• 4 0415 
l H /3 i.104 04 ii LLd 4 04 1 (, 
ll.1- I\ 45 04lu ucx 0417 
11 F- l1 113F 9 0419 NXl *-5 0418 
llFu Ot:l 0421) RO+ 01t 19 
l HE F-BFO 0421 STV L41 0"t20 
l2UO OB 0 1tlZ RUl 0·+21 
1 t. \) l MS':> 0 1+/. 3 L22 RTJ* RS.SK 0422 
121)3 uOFO tH24 ANA L4l 0423 



M!CiJ.O ll>l3 CROSS ASSEMflLER SOUKCE LIST!Nli 

Lt.le OBJECT ER ~Tt-".T LAt>EL 01' OPERANDS 04/ 10/75 PAGE 0009 

120 5 1106 042'.i JAZ u 0 112 1~ 
l 2 0 7 Et=05 0 11 2 ,, LOV= H' '>' 042~ 
12 \) 'i 61\94 042.7 RTJ* TEltk 042& 

'-• 12,)d 6AAC 042d RTJ* TS I 0427 
12 :)I) 6A9o 0 1t2'1 L3 1HJ"' HlfLP 0428 
UOf- &lFO O·'t rn JMP L22 0429 
12l 1 tf-00 O't 3 l LDV-= H'O' o .. :rn 
lZ i.) F 0 l 'j 04J.2 ST 1\ SEC TOR Qiu l 
1215 oA5l 043J RTJ* RESl:T 0432 

; 1217 j<JEO O'•J't l18 A 7,0 0433 .. -----·- ----------- - ·-- -- -- --·- --·- - --------- ---------------·-u 19 6A'.15 QLtj'J RTJ* R!>SR 0434 
12 rn UOF 2 O<tJ(, HJA L41+2 0435 
1210 FOF4 04J7 STA L41+4 0436 
121F l F rJ O Q!tJij l31 LDV= H'O' 043-( 
1221. t>A5 l 04YJ f< T J* l OL!> 043U 
1223 t:urJ 0 1+•+1) LDA l41 0439 
122'> 2001. 04'tl LLA 

__ ,, __ ----- ------
l 0440 

12..U Fl09 O<t42 .;)TA L2+1 0441 
U29 200 I. 01,1, 3 LLA l 04 112 
l22B Al05 C4 11"4 AOA LZ+l 044-~ 
12 ;~l) Fl03 01,1,:. ST I\ L 2 t-1 0444 
l2H 6A'.;5 ()4 It& Kl J-;t RSSR 044? 
1231 J 70000 O't4 I L2 ANA= 0 0446 
123'• ll06 0't4tl JAZ L ..12 0447 
ll.36 ti-'06 0449 LDV= H1 6 1 0448 
ll38 6A94 0 '• '> () fZT,J* TL.RR 0449 
l23A 6AAC O<t 51 i<TJ* TS I 04'JO 
ld(. E: 7FCSIJ 0 1t'.>2 L32 LDI•= f '-8fU' 0't51 
lZJF f lFl O<r?:S ST I\ L 2+ l TIME OUT 300 MSEC 04';2 
12 '• 1 6El2C5 04'>4 RTJ/ L7 04'..3 
1244 1.1oa 04';5 JAL Li4 0454 
124v El l::A O't ?la LUA LZ+ l 0455 
124d '•a 04'..> I l 11A 04'.}6 
l z 1+ 'J l9F4 04'.>d N/,Z LJ2+3 0457 
12 •ti3 tF8b 04';9 LUV= X'b6 1 0458 
12 '• l) 6A94 0460 f< I J* TERR 0459 
l24F 01\AC 01t () 1 RTJ* TSI 0460 
1251 oA96 81t62 L34 l\TJ* HLTLP 04&1 
l2 ';} olCA 04b3 JMP L3 l 0402 
12 ':>5 1::028 Otto4 LOA MSl::C 0463 
1257 61139 0465 RT.J* L'• A 0'tu4 
12 '.59 0000 046(; DC 0 0465 
12 ') [l 0004 040-, DC 4 04(,6 
12:>0 0001 04od 0(, l 041; 7 
l 2 '.Jf 0001 04to'I UC 7 0468 
12ii1 i> l F 2 01,-10 JMP LH+4 04o9 
12u3 EFOO ()4 7l LOV= H'O' 04 /i.) 
12&'.5 b52i3 0472 !U J* L4A 0471 
12 (, 1 0000 O't13 oc 0 0472 
126-i 0000 04(4 DC 0 0473 
lZu .l 0001 047':> oc 1 0<+74 
12 ,,J OOJD 0'+ 76 oc X1 0i.JOD 1 047'> 
lZoF &lF2 0 1+ T7 - JMP *-12 04 7o 



MIC~O 1613 CROSS ASSEMBLER SOURCE LISTINIJ 

LOC Ol:IJ tC T ER ST1'1f LA!3EL ftP OPERANDS 04/ 10/75 PAGE 0010 

llll t::Ff'F 0 1t f '::l UiV= H 1 -1 1 0471 
12 7 3 A021\ 

0'+ '" 
AOl· MSE:C 0478 

ll"f'.:> 6015 0480 HTJ>C< L4A 0479 
12. l7 0000 04!:1 DC 0 0 1t 80 
12 /•i 0000 04 tl2 uC 0 0481 
12 rn 0001 0463 DC l 0482 
12W 0013 0lt84 UC x•oo13• 0483 
12 IF 61FO 0435 JMP *-14 0484 
12:1 l EFOl 048:;, LOV= H 1 1 1 04tl5 
l.l.Jj fOll 04.J' ST A WCCA 0486 
12115 6ASJ O'+bB RlJ* lr<C(.A 04u7 
Ud7 E021 0489 Lu A UNIT 0486 
l?H9 200~ 0490 LLA 5 0489 
121!,.\ 6A4B 04'-Jl RTJ* l DCOt~ 0490 
llHD EH·F 0'•'i 2 LUV= H1 -l' 0491 
l.Ltil- ;\028 Qlt'J J ADA M:..1::c 0'+92 

.. 

1291 oE 1340 04'1'+ KTJ/ l4 0493 
l2'J2 0495 L4A EWU *-2 0494 

1294 0002. 04% oc 2 0495 
1296 0000 04'J 1 DC 0 0't96 
l2·Hl 0000 04'.l:J DC 0 0497 

12. <J" iJ()l 9 U499 IJC X1 00l9 1 0498 
l 2'JC 61 Ef- 0500 .JMP *-15 0499 
12. 'It E027 0501 LJA UNIT 0500 
12.10 2002 0~02 LLA 2 0501 
u,-.2 4A 0'.>03 [·(,.A 0502 
12 ,'., 3 4J 0'>04 I 1\iA 0503 
L:,\4 i\F03 (J'>U5 Al)V= H1 3 1 050'• 
lL:''d.:. 20J~ 0500 LLA 3 0505 
l2A8 &A4H 0507 RfJ* LUG UN 0506 
12.\A tfff· 05(JIJ LDV= H'-1 1 0507 
UAL l'.0.2h 05•)9 AJA ."'4SEC 0508 
ll.A t- t.t:ll£ 0510 RIJ* l4A 050'1 
l 2 c-J 0000 f)5 ll IA, 0 0'.>10 
l.?rl ooou ii512 (JC 0 0511 
1264 0000 0513 UC 0 0512 
Ullo OOlF 0514 DC x•oo1F 1 0513 
l2l~d 6lhJ 0'::>15 JMP *-14 05 l't 
L~,111. £:U21 051& LDA UNIT 0515 
UGC £();)5 051., LLA 5 O'>lo 
-12 l\ E oA<tB O'.d.; ~TJ* LfJGON 0517 
llCO 0910 051') P.1 J L6 0518 
l ZC<!' &HlEo 0520 J1'1P= LAITST 0519 

osn *wAIT 300 USEC t. kEAU 5SR 0520 
0522 *2'12 USlC 05<!1 

llC5 00 ()(I O'JZJ l7 DC ** 0522 
l2Cl t: f· F ti O'::>l<t LUV= H'-5' 05£3 
12.CCJ 48 0 '.:>2.5 1 NI\ 052.4 
lZCA l 'If 0 05.:'.& Nt,l *-1 0525 
lZCC 6t.55 05L7 KlJ* RS!>R 0526 
lZCt UIJf' 0 05lG ,\NA L41 0527 
ll::JO oJl'J 052'1 JMP* L7 0528 
llU2 0000 0530 l6 oc *•'t 0529 



MICRO lo 13 CROSS ASSE:MnU:K SOUR.CE l I ::.TI NG 

Luc U8Jt:CT ER :, T!-1 T LA8EL UP UPERANDS 04/ 10/ 75 PAGE 0011 

lZU-'t l:OZB ll53 l Li)/\ MSEC. 0530 
l2l)6 F ll 15 o r,::.z '.:> f A Si::C TDR 0531 
121.Hl 6914 05JJ RfJ L5 0532 
i 2 ul\ 61\40 0534 RT J* LORD 0533 -------------··- -- ··- -- ·- ··- --- ---- -
!LUC 051JC 05J5 oc f'l500 1 0534 
l20E 0025 05J6 DC X'0025' 0535 
llto (> lf 6 0'.d' JMP ''-ti 0536 .. 

' lZU 690A o s :rn )U J l '..i 0537 
12E4 6A4F Qj]<J RTJ* LU Wk 0538 
lZEo 05lJC u ~"' 1) DC F' 1500 1 0539 -·---- ----------
llf: d 0028 Q')td DC x•uoza• 0540 
12EA olF6 05·'t2 JMP *-8 0541 
12EC 63t:4 05'd JMP* Li> 05<tl 

05'•'• *CHECK f'm: LAI tRROR GENEkATI ON 0543 
l) 'i45 *CALL H r J l5 0544 
a Jlt6 * RTJ* SLEK 1U: AD/ WK I TE: 0'>45 
05'~ 1 * DC r1 !\IT IN 200 lJScC UNITS 0546 
054U * DC ERR GR NO. 0547 

l?H 0000 05't9 L5 DC *" 054 8 
lZFO 09 0550 k02 0549 
UH 81H3 05'.>l LUX LS 0'">50 
ur 3 t4 05':>2 LOA- 0'.:>5 l 
lZf' 't F-lOC 0'.:>'.:>3 Sf A L50 0552 
lLf'o 46 05')4 ArlX 0'.:ij3 
lLF 1 E4 055~ LDA- 0554 
12 F tJ Fl 11 0':i')6 STA L5l+l 0555 
i zr A 46 05.> l i;W X 0556 
ur i_, d9F l · 0 5 'j ti :; TX L5 O':i57 
121-U 08 l)'..i '> ') f(fl l 0558 
121'-i: 6A57 (}')(,(} RTJ* Ri::Sl::T 0559 
l j ,) 0 j9l::O 05(> l 013 J\ 1,0 O':i60 
i.302 000') 051,2 L50 UC ** 0561 
l ~J 't bA4j 05uJ HTJ* Sl"PDUN 0562 
1300 611F 05D4 JMP L52 o:.63 
l 30u 7 'JO l O'Jb5 LhlM l '.:> 1 + l 0 ')1)4 

13 (11\ E:70000 05'1o L5l LDA= 0 0565 
l30U l9F5 05& I NAZ L50+2 Ofoo 
lJ(lf l:F-02 05&8 LDV= 11. 2 • 05b 1 
131 l A3LJB 056') L53 i<IJA* L5 0500 
13 l3 71J'-J 0570 !l'iM L5 0569 
l.H '.:> no 1 l) '.:> 71 I w •'l L5 0510 
1317 oA'-14 0512 HTJ* TtRR 0511 
lJl 9 oAdO 05B !HJ* TCI 0512 
131 tl 6A.'IC 05 ''• RTJ* T ~ l O'J73 
l 31 D 6AY6 .) '.:> ('; l54 RTJ* HL TLP O'il4 
l3lf t>3CO 05{6 JMP* L5 0515 
1321 f1C3 05 71 I v. r~. LS 0576 
u.n 71C 9 057~ I.~ M l5 0577 
13.6 63C 7 () 5 7 9 J >~P* l5 0578 
132 7 6A47 058'J L52 :'. r J* RU.> TAT 05U 
132 ':i D7Ffo3 () j 61 ANA= X1 Ff63 1 O'J30 
lJZC 878901 0562 l DX= XI 3'70 l 1 05tll 
lJU 4f 05UJ f Xt3 0582 



Mf(.>{0 1613 CROSS ASSEMtiLER SOURCE LISTING 

L GC OBJECT ER srnr LAf>EL (JP OPERANDS 04/10/75 PAGE OOll 

l 3 j() 43 0554 X,{6 05d3 
1331. E f-0 l 0'):.Jj LDV.:: HI l. 0:> !Vi 
1333 lADC o:>r& ~·at L53 0585 
133'.I E027 0~87 LOA dNIT 05dt, r- 1H7 .!.002 05S<.i LLA .!. 05d7 

t 
133') 4C 0')J9 TAX 05d8 
13H 6A55 05'-iO f<TJ* ~SSP 0589 
13 3C ljQ5 0 5 ') l JXl •'f+7 0590 
LHt: 2404 0592 LRA 4 0591 
1340 45 0593 ocx o~n 

1341 16FB 059·'.t NXl. *-3 0593 
1343 OF04 059:> Ai'-.V= X1 4 1 0594 
1J45 llCA 0596 JAL L53 Qj95 
134 I 71 A5 0597 l/,M LS 0'.>96 
1349 71A3 0?9~ !WM LS 0597 
134t3 &LOO 0599 JNP L54 0598 

1)600 *LAI & GV!:i{LA? SEi:K TEST 0599 
0601 *CALL LDA=SECTUR 0600 
0602 * l<lJ L4 OvJl 
Ot;OJ "' DC bUSY VALUE Oo02 
0604 * OC HOW VALUE 0603 
()(;05 * UC [)L)I\[ VALUE C<.04 
0606 * DC E flil. UR 0605 

lHLl 0000 0607 L4 DC ** 0606 
l34F 08 0608 RUl 0637 
l j 51) F 16 7 0609 SlA L4?+6 SECTOR 0608 
l.>52 0.Vd 06i0 k T ,I* CL::. TAT 0609 
l 55 1t El ';u 0011 t.iJA t.4l 0610 
13':>6 A020 uoll A Ll/1 AUUkES 0611 
135d Fl l 'J 0613 STA L4J+4 0612 
135, FU!: 0614 SlA L45+'• 0613 
ll')C A 10040 0615 Au A= X1 0040' 0614 
l.)5F Fl Of: 0016 STA L4J 0(> l 5 
13<.l FU3 061/ S1A L45 Ooi6 
l foi El '>O Ll&l8 L LlA L42+2 0617 
Uo') Fl'JO Obl4 STA L4l+4 G613 
13 :, 7 HJO OolJ LDV= H'O' C619 
l.3 "9 F 1 ':><: 06?1 '.>TA L4.!.+10 0620 
l j 1, !\ I:: li1C .)t)2 2 LOA L42+6 0&.:'.l 
L .:> ·'.>L.l 6A'J i. Ju2J n ,J* iOLS Q(,22 
l 3,.Jl· VJ JO 01)(: 1t L43 t) c; 0 0623 
u IL l:.10<.I 0625 ALA d 0624 
lJ{j 0 ();)O Oo26 llC 0 062') 
b7S iJOFO 0<>2. 7 M~A L41 062.(., 
1377 l 902. Uot.!8 NAZ *+4 06?7 
1 j 7'1 71 '•2 0629 l '·IM L42+10 Q{,?3 
13 {13 fljA o:..so 1 ilM L't2-14 Ot•.!.'J 
lJ 7LJ El38 l)6 j l LUA L42+4 CvJO 
13 ff L 9l: E OIJ 32 N,\/ L43 06il 
1381 t:7FC18 ObH LGA= F'-1000 1 Oo32 
13d-'t f 131 Otd4 ::, r" L42+4 Oo33 
13 /j,, 0000 Oo35 t..45 cc 0 0&34 

--
Udd 23d8 Oi.d6 /<LA d 0635 





MIC;{fJ 1013 CROSS ASSC:Ml:lLER ;:, CJUK Cf: LISTING 

LlJC llUJ EC T ER SfrH lt\BH Ur' Jl'[!{ANiJS 04/ 10/ 75 PAGE 0014 

l..l EJ d<Jl 340 01,9.) LUX I l-'• 0689 
UH (){, ; l L 4!3 f:QU :ii:-2 06'J0 

lJFJ C:FOZ Ob'}l LDV= H'2' 0691 
1Jf2 iJ l.C 5 06-.lj .l\NA l 42 +6 0692 

----·-·- --·-· 
13f-4 l:l4 06'14 SBA- 0693 
UF5 1104 Oo95 JAl *'*"O 0694 
l3F7 t:F03 Ob'l'> LDV= H')' 0695 
l Jr' 9 6101 o;,q 1 J1"1P L48 0696 
l jf[} 41. On9d If\; x Oo97 
l JFC 44 Co'J) INX 069<.l 

l jf l) EF04 0700 LDV= H1 4 1 0699 
13Ff 0188 0 701 ANA l42+6 0/00 
1401 B.-. 0702 SBA- 0701 
l 1d2 1108 OTJ3 JAl *+10 0702 
l 40 1t EOl.8 0 70'+ LUA TDSK 0 /()3 
l't(Vi 1904 l) 7 J'j NAZ *+6 0 l0 1t 

140.:l t:Fo.-. 070'> LUV= H1 4 1 0705 
l40A 61C2 07<>7 JMP L4d+2 OlUu 
l40C 44 0708 I I\ X 0707 
l40J 44 0 ]r)') INX 0108 
l'tJE 6A47 0710 IH J* RDS TAT 0709 
141 ;) OfOl 0 ll l .~'liV= HI l I 0710 
l4U B4 01Ll StlA- 07 ll 
l 't l 3 44 0113 I I\ X 0712 
141 '+ 44 OTH l l~X 0713 
l !tL> 119 :> 0115 JAl l46+2 0714 
i 41 7 Ef J5 \) 710 LlJV= HI:, I 0715 
1419 61U 1 0717 JMP L<t8+o 0716 

J/ld *FORMAT HST lf'OK. MOVING HEAi) Ul SKS ONLY) 0 711 
0719 * 0718 

l't l tl DOOIJ 072J FTST DC ** 0719 
l41U 6AE.'.+ 0721 l{fJ* F. 0120 
l4H- 0000 () 7 22 oc () 0721 
l'ti I. OJ•)O ') 7 2 j DC 0 0722 
142 j 0028 0 I ~_It oc x•o02B' 0 U.3 
l '+25 6AOA 0725 RTJ* ;~I{. 0724 
1427 0 JJD 0726 oc X1 003D' 0125 
hh 01)00 072. l DC IJ 0726 
l42fl 0001 OL'H DC l 0127 
1 't2 IJ HUD {)"{29 l lJA FuY 0728 
142F 1103 u r 3 o JAZ *+5 0729 
HJ l 6(;i'tAA 0 / .j l JMP/ FJ 0730 
1434 E02B 0732. LiJA MSEC 07.H 
l 4:i 6 FlOZ 0733 SU *i-4 0132 
l<t3d 6At4 0734 klJ* F • 0133 
l4JA JOJO l) 7-i 5 DC 0 0134 
143C 0000 07 36· UC 0 07.Vi 
143t 0018 073 l DC X1 007B' 0735 
1440 uflOF 07Jd KTJ* F5A O/H 
1442 OJOO 07 J'J DC 0 0738 
l4-'.t4 bt.40 0 7 4D fdJ* LD1U on9 
l 1-t4Ct OuOO 0741 uc f-' 2048' ;.Alf 01 1+0 
l 41td ':1105 0 l 1t2 DC X1 'ilD5 1 0141 

"~ 



• Ml C,lQ 16 i3 CROSS ASSE.-1BLER SOURCE LISTING 

LUC Uf!.J ECT ER STMT LABE:l OP OPEKANOS 04/10/75 PAGE 00l5 • 144A FF67 OH3 DC X'ff67 1 OH2 
l44C 007E 07!t1+ i.;C X1 0071: 1 0743 • 14ft[ 6 lF 0 0 /!+5 J,'1P *-14 U741t 

1450 6t l 4C~--------- _ 0741> KIJ/ F5 0745 
1451 0747 F5A EQU - *-2 0746 • llt?3 0000 07~8 DC 0 0141 

1455 6A4F 0749 1HJ* LOWR G 7't8 
1457 0300 - 0 7')0 DC F 1 2048 1 0749 • 1459 9101 0751 oc X1 9101' 0750 
145~ FF61 0752 DC X•FF67 1 0751 ··-- ------·------- ----~-- ·--- --
14'.>0 OOJO 0753 oc X'0080' 0752 

•• 14'>F 61EF 0754 JMP *-15 075J 
14& l 6AE4 07)5 RTJ* F. 0754 
1463 0000 0 756 DC 0 0755 • 14[,5 8000 0757 DC X1 HOOO' 0756 
1467 002t: Oho Uc X'OOZE' 0 757 
14ld EFFF 

·---------·--------
0759 LtJV;,, ll'-1' 0758 

• 1.468 AOZB 0"/6i.J ADA MStC 0 759 
1460 Flu4 0761 STA F4 0760 
14oF 6AuA 01c,2 RIJ* l~k • 0761 

• 1411 0045 0 f (,3 DC )('0045 1 0762 
14 7 3 0000 07:>4 F4 DC 0 Ofo3 - -

l 't 'j rfFF 0765 oc -1 O/b4 

• 14 77 E03F 0 76·) LOA Sf-T 07o5 
1479 1124 0 76 7 JAl fl 0706 
14 7B 6AAo 07&d tHJ* TD IS O/o7 

• 14 lO 6940 0 7[, <; RTJ F5 0768 
14 7F 0020 OHO UC x•oo20• c 7&9 - --
14 J l 61\4F 0111 RTJ* LOwK 0770 

• !!ttU 0100 0172. DC f 1 256 1 0 711 
lfttl':> Al21 017 3 DC X1 Al21 1 0772 
l 1t tl 7 FFo 1 I) 77 4 DC "• t-Fo l' 0713 

• l4il'J 00d2. 0 lf'j DC X'0082 1 017<+ 
l t+'.JR 61FO \) 116 JMP *-14 0715 
l4du 69.W 01{1 RTJ rs 0116 

• l48F 0000 0118 l)(, 0 0171 
1491 &A4F 0779 F,.f j:O< LDWR onu 
14'H 05JC 073) UC l-''1500' 0119 

• l 4'J ') f>j·Jl 0 731 oc X1 8::i0l' 0/UO 
14'.i' FF67 0/J2 DC X1 FFti7' Ofdl 
1499 0084 onn DC X1 0084 1 OTUL • 149 13 ~ lF lj 07d4 JMP #-14 0183 
l49tJ oAAd 0785 f{f jt< TENA OltH 
l49F 6Al:4 07J6 F7 RTJ* F • 0785 

• l !+Al 0000 Olul DC 0 o /iJo 
l'tfd 0 ()() 0 U7Ud UC d 018 l 
lltl\5 00j4 0769 UC X1 0034' 0 7 dtl • l l1A 7 67141B 0790 J1Y1P= FTS 1 01ti9 

0791 * 0790 
14;\A oAB2 0792. F3 KTJ* CRLF 07'.ll • 1 '•AC ofl A11 019j p_ f J* TTL X 0792 
14AE C?CEC4AO ()7'] 4 l!C. C 1 1:.NU Lf FORMAT OPE:RATIDN. 1 0793 
l '• ,_,, 2. Cf-C&t.OC6 • 

..... 



Ml (,(HJ ltd 3 CROSS ASSEMoLER SlJURCf: LIST I NG 

l fJC OBJl:CT ER SHa lABE::l OP OPERANDS 04/10/l5 PAGE 0016 

l 41•6 CFD2CDC1 
l4hA U4AOCFDO 
l4flE C5l>2ClD4 
14(2 C:'JCfCEAE 
14C6 00 0 795 DC H'0 1 0 794 14(. 7 6Atl2 0 !'16 !HJ* CRLF 0 795 
l4C9 00 07'i7 Hll 0 796 
140 6 l FD 07•)3 JMP *-1 0797 

0 /<)CJ *SPECIAL R'JUTINl FOR FORMAT CHE{;KS 0798 
ObUO *CALL RTJ F5 0 7'1"1 
080 l * DC C lJNT KOL REG SET C8JO 
0802 * !HJ* lURD/lDWR 0801 
ObCj * DC W.UT Odv2 
Oil04 * DC ~fATUS 0!303 
O~U5 * L)( MASK OJ04 
Q(< J:1 * UC EkRCK Ot3U5 

HCC ()000 0bl)7 F5 DC *" C<l06 
14CE 08 0808 Rtll 0807 
14Cf- u=oo 0Lu9 lfJV= HI 0. OJ us 
l 1t I) l f- 015 0810 STA SEC TOR Otl09 
i't,) j 81F7 08 ll LOX fj 081() 
ir.:J 5 i:on OEilZ LDA uNIT Otl 11 
l 4u I 2005 Ob13 LLA 5 0812 
l 1t0 9 A4 08 l'T .~UA- 0813 
14!)1\ 6A4B 0815 in J* LDC ON 0314 
l tti)C 09 Ool6 iW2 Ool5 
l 4J;) 46 Ubl l AwX 0816 
l 1tJE: E4 OB l ti L;J A- O:H l 
l't1Jf 1-10 l Obl9 5f A F5l C318 
14El 08 o-~i2,J R(Jl 0819 
l 1tl 2 0000 OHZl f51 oc 0 08..!0 
l'tC"t 09 Ob?,Z ;{02 0321 
l ·tt 5 4:> OHZJ .. \hX 013..!2 
l <'.tf: (; E4 Oil.24 LlJA- 0823 
l •+t I FlF9 (;h2., STA F51 0d2•'t 
l 4E9 46 0 !J.2l> AWX tJ825 
14EA E4 0827 lDA- OtL!v 
l '+cd 4o OB28 f,wx 032! 
l 4t:C 04 oezc, Ai';A- 062& 
l 4t t) Fll2 OU 3,) ~IA F 'l4i-l 0829 
l't i:I' oA 1t5 O[)Jl KfJ* Si<i>JON Ob3J 
l •tf l 6llC OilJZ Jfv1P F52 OdJl 
l ·tf 3 79[0 08J3 iJNM F51 0832 
i.4f 5 !: J.1,;B OtU4 LJA f51 0833 
14F 7 l <JF 6 ()f115 NAl *-b 0834 
1 1tF 'J 41> n il.3 (~ ri ., x CiLl :> 
141-'A 89UO Oi3J f FS3 srx F5 083(, 
l 'tFC A4 OtU3 ADA- Ob3i' 
l'tF u Od Odl'J !{ 0 l 0838 
l't ft: 6A9<t 0B40 RTJ* H:KR 0639 
l ')i)() E 7J<i00 0841 f54 LDA= 0 Oti40 
1503 bAl-1[ {) ()lt 2 hf J# fCNo 0841 
1505 81C5 Oi.l43 LUX F5 0842 



~ MlC~U 1613 CROSS ASSEMf3LER SUURGE LIST I NG 

L il. ,-JdJ tCT ER S TMT LABEL OP OPERANDS ~4/ 10175 PAGE 0017 , 
l 5;) { 01 01h4 RUZ 08<+3 
15().; 46 0B't5 F55 llnX 0H't4 
1 ')I) 'j 6A96 01)4;, j{ 1 J.;< hlTLP Od45 
1 )Jil o4 OiJ47 Jl"lP- 0846 ------------- .. ----·--- ---- -- - - ·- -.--- -· --- -- --·- --· --- - _, __ , -···-·--·-- - ·-
150(; J4 OU48 NUP 0847 
l50Ll 6502 0849 JMP+ 2 0848 
15uF Od Oo50 F52 ROl C849 
!'.) l 0 oA47 OrJ51 RT J.lc RUSTAT 0850 
1512 iJ4 0852 /INA- 0851 
15U iHEC Oil 'jJ :::.i:lA f-54+1 0652 ... _. --------- -
I. 515 09 Oll54 RC2 0853 
1516 46 085!.i AWX 0854 
1517 llEF 0856 JAZ F55 0855 
l.519 08 0857 ''° 1 0856 
1 '> l A EfOl Oil58 LOV= H 1 l' 0857 
15 lC 6lDC 0 d 'j'J J'lP f 53 0l;l5t> 

086J *fURl>lAT KUJT INi: 0859 
1) d{, l * (;8(,0 
0%2 *CALL HTJ F15 Oll&l 
0863 * UC GLCCK AlJORESS 0Bo2 
OH6't "' DC WR!lt PROTECT Oti63 
OB65 * DC ERRUR 0864 

151[ 0000 Oou1~ Fl5 DC ~* OJ65 
l52J 08 OElo7 KCl 0806 
l5Zl EfOC J808 LOV= H' 12 I Ol.i6 7 
1523 1'170 0069 STA F 11 0868 
1'.>25 4C OolO TAX 0869 
1526 4F 0871 TXl3 Oo 10 
1527 4o 0872 UCB Odll 
1528 49 Od 73 IN3 OJ72 
152') 672340 Ocl/4 LUX= BF2 Od 73 
152C EFJO 08 75 LDV-= H1 0 1 Oti14 
15~[ 09 Od76 kU2 0875 
15.~ F F4 0877 STA- 0816 

.. 
l:,, 3,) '•6 0878 AWX 0877 
1531 49 Od79 l f\JB 0878 
1532 lAfB 0 tli3 J Nt3Z *-3 0879 
15H E7JOOO 08:H LOA= X1 8Qi)0 1 08d0 
15.37 f4 0832 STA- OBJl 
l 'j 33 't 6 () i3 J 3 AWX OH132 
l'.> 39 EJd 0884 LDA* Fl5 OJH 
15Jd 71El 08:15 rnM Fl5 0dd4 
15 3 J HOF Odd:> l flM Fl5 08.35 
l53F A300 08 '37 AU.\* Fl5 Odd!> 
15 '• l F4 Q~)J.I STA- Oil 37 
l 'JtL tl 9 5 .l Od ·\ i STX Fl l <-2 Oti J3 
l':> '• 4 t:3Jd oun L:JA* Fl5 0839 
15 1to Fl51 0391 STA Fll+4 01no 
15 t.J 46 0892 A"X 0 t3'J l 
15 't9 7 L J 3 OJB I "IM Fl5 08J2 
15 t3 71 D l 0894 I >·1 <'1 HS 0893 
15 <) J:l Od95 RO l C394 
l5C:.t tF )2 Od90 LDV= H • 2 1 0395 



MICRO l t) 13 CROSS ASSf.l.idLER SOUK.CE LlSTii~G 

LUC OflJ l:C T ER s rn r LABEL OP UP E:R A'NfJS 04/ LUI 75 PAGE 0018 

15 5:) Al43 0697 Al.JA Fil OJ\16 
l '> 5 2 hJll {)d9;J STA WCCA 0897 
15 :>·+ EFOQ 069•} LOV= H'O' 01na 
15'>6 F 0 l 5 0 9 i)IJ STA .);:;C TOR 01399 
l55d FOl'I 09\ll STA 13LCCKS 090'.) 
15 5 A EO<;E 0902 LOA WlU TE 0901 
155(; FOOS 09(J3 STA DATAl 0902 
15 :>E i: 7050C 0':104 LUA= F' l SOO 1 0903 
l 36 l F007 0'1J') STA JA TA l +-2 0904 
l ') fJJ l: 31 '1 0900 LDA* Fl5 0'JQ5 
15:~) FJ09 O"JJl SlA DATAli-4 O'J06 
i '>'J l 71tt5 09J8 IWM Fl5 0907 
l 5'.J9 71£33 0909 I ii M fl5 0903 
1-)f,d EFFF 09ll) LDV= H '-1' 0909 
l '>f1J f'00t3 0'111 5 L~ JHAlf-6 0910 
l 5i>F FOOD 0912 STA DATAlt-8 091 l 
15 71 t: 0213 0913 l[)~ MSEC 0912 
i :> n Fl20 0914 Sf A F ll 0913 
15 75 E02 7 0915 LOA UNIT 0914 
1511 2005 O<Jlo lLA 5 0915 
l 'l 19 AfLO 0917 ADV= x•20• 0916 
1 s rn 6A4fl O'J l d RTJ* LiJCON 0'1 l 7 
l5fJ &llcb 09 l ·) Fl3 RTJ* RW. 0Sl8 
l ')If 6 lr' '• 0920 JMP F 13-8 0'119 
l 5<l l r:o i c, 0921 Lu A ScC TOH 0920 
15 :n I"' 0 l 7 O<JLZ ST t. Si::C TOftt-2 0921 
15-l 5 4'l 0'12 J l ~~A O'JU 
is u() hll5 0'1 .~ '"t sr;.; Sa::CTOK 092.3 
l'>tH AlJF o·; 2.5 AtJA fll+4 0924 
15 d ,\ f- J Q[l 092.!J STA* fll+2 092'.> 
15 o:: NOT 0 1121 OW/.1 F 11 09l6 
158.: Cl05 0 112.~ l UA F 11 0927 
159 1) l 9t[l {FJ 2 'J NAZ Fl3 OCJ28 
l59l 67151€ 0'1 .3 0 JMP= Fl5 0'12. 9 
159j OOO'J 0931 Fll [) s 6 09 JO 

0932 *Rf: Au - '-lRITt 1HJJT I NE 09H 
O'HJ *CAll . a r J R"' 0932 
09.34 * fR;(QI{ 0.c;33 
09.15 * U;< 09J4 

15')3 OC'lO l)9j6 RW t;f. ** (J'}J') 

l S'itJ oAO'> 0931 i{ f J* lJATAl 09Jo 
l'.>9f 8007 U9:ld lll x DATAlt-2 0937 
1 S~H t.;J\!+ 5 O':I 3'1 RfJ* SKPUUN 0938 
lSt> 3 "ll 4 094 1) J~P r< .. 2 J 1H9 
l 5A '.> 1,5 Q<j" l ocx 0940 
l 5 ;, ,, l rlF9 09 't 2 I\)( l *-5 0'.141 
l '.>Ad 1:roo ()943 LDV= H'O' 0942 
15 <\A 6E l o4J () 94 't RTJ/ rt'" 3 0943 
15·\iJ 6A57 0945 IHJ* flf:St T 0944 
l '.>Af 3r1t:O O'I'•.:, OBA 1,0 094') 
l ') il l dlEU {) 9ft 1 RWO LiJX Kii 0946 
i '>tU 6;191:. O'):.a Rf J'' Hl flP 0947 
l 5B5 64 0949 JMP- 094(1 



Ml Cf\O lbl3 CROSS ASSEMBLER SOURCE LIS TlNG 

LCC OBJECT ER ST1H LABtL UP lJPt:IUNDS 04/ 10/75 PAGE 0019 

l'>l:l6 j4 0951} NOP 0949 
15 li 7 6502 0951 J~P+ 2 0950 
15 ~.9 LCOo ()952 RWZ i~A~' Rrl4 0951 
l 5 tl ti EFOl o·~ ;d LDV= H' 1' 0952 
15 ttD otlEC 

····-····--·--·-·· 
095-. RTJ* RWO-b 0953 

15llF 6 l l 'j 0955 JMP RW9 0954 
l 5C l EOOB 0956 RW4 LOA 0Af Al+6 0955 
150 1111 O'l57 JAZ R.1'19 0956 
l SC 5 t:QZF 0958 LUA DA VAL 0957 
15C7 AOlS 3'159 ADA SEC TOR 0958 - ·--· . _.,_ --·--··----·- -··- - -
15C:9 A019 O'J6u ADA BLOCKS 0959 
l 5CB 4C 0961 fAX 09o0 
15CC oA49 0962 RTJ* RJJoAR 0961 
15CE 1706 0963 JAX R•-19 0%2 
15tJi) Ef02 1)9 6 1~ LDV= H'2' 0963 
1 502 69 7B 096:> RTJ R31 0964 
l '>l)4 o lD 7 0900 JMP RW0-4- 0965 
1506 EDOD 0967 Rw9 LDA DATA1+8 0966 
151) 8 1907 096:-J 1\1.:.Z R-..O 0967 
15UA 80ll 096') LOX V.CCA 0968 
15dC 4F 09!') TXB 0'.i(,'J 
1500 48 0971 Get» 0'J7J 
150E 49 0972 INL 0<;71 
15Uf E 72040 09B LOA= tlf l 0972 
l 5E 2 FlO& 0974 SL\ RWl+l O'J 73 - -

l5E4 8 72340 0975 LLlX= Bf2 0914 
15E7 09 09 7'> KdZ O'i75 
l'>U f: 4 0977 LliA- 0976 
15i:9 860000 0'113 RWl ~iJA/ ** 0977 
15EC l9b 09 79 NAZ i{c.J6 0978 
15£1:: 71FA 0980 l "M Rwl+l 0979 
l5FO 71 F tl 0 98 l HIM ;rn 1 + l 09GO 
l 5F 2 1tb 0982 AhX 0931 
l':>H -.9 0':i83 IN B 09i.l2 
151' ft lAFZ 0 9 J 1t NBl --l{wl-1 098} 
l5Fo '.)8 O':iH') RW7 RDl 0934 
l 5F1 E4 09t36 LD <\- 0-td5 
l5Fd B 70B60 09tH SP.A= )(108&0' 0986 
1 ')f' J l l t>4 09tHl J1\ l RWO 0987 
i. ':)FU El'\.J4 09'3\l LGV= H1 4' 0'108 
l 5f-F 694E 09-JJ fdJ R3l 098'i 
1601 olAE 0991. JhP l<•tO 0990 
lotH 08 09'i2 R'rJo kll l 0991 
l6~H 3912 0·113 STX RW8-2 0992 
lotl6 40 099+ rnx 0993 
l 6 1J 7 U'J 12 0995 STX 11.,~8+ 1 0994 
1609 ff03 09'J6 LUV= H'J' 0995 
1608 0942 0997 :HJ :u1 09'16 
ll»JD tFf tl 0998 Rl3 LUV= H 1 -8' 0997 
loJF FlZO U9'B ST fl_ fl 11 +I. 0998 
16 ll tll 0 ':) 1000 l!JX l\w8-Z 099'-I 
1613 t:l J5 10() 1 RlZ LOA Rhl+l 1000 

---·~-··-----·--·-·-. 

1615 oA98 1002 klJ* fOAT 1001 



'II Cr<O l (J l.3 C.{OSS AS~!: .'1LlL EK ~CJUKCE LISTING 

LuC lJdJECT ER :>liH LM;EL l1P OPERANDS 04/10/15 PAGE 0020 

l&l7 8 70000 1003 LOX= 0 1002 
l'- l6iA 770000 1004 R wB l t-J ffi·= 0 10'.)3 

11:> 11.) E lfC lJv:> LOA *-2 l 0')4 
161~ 09 100(. 1~02 1005 
1620 46 1JJ7 AwX 1006 
1621 1103 1U08 JAl l{W7 1001 
u,2·~ 11C5 1009 hlM RWl+l 1008 
1&2':> 71CJ 1011) !wH R YI l + l 1009 
162' 1::4 1011 UiA- 10 l lJ 
lo2i3 i33CO 1012 ~bl\* R..i l +l lOll 
lo2 I~ llEE: lOU JAL R,;8 LJlL 
lti2C 89EA 1014 STX ~Wl~-2 1013 
162E 7l0l lO 15 H:M R ll +-1 l 014 
l'.dO E TQ·JOO l 0l1> iUl LDA= 0 1015 
16 j'~ l Slut: -l 0 i 7 NAl R l.! 1016 
lu 3 '.> 08 lOld kDl 1017 
l {>36 02 1019 £:Sw l IJ 18 
1637 l 40't i1>20 JAN ;{ 13 ioi9 
l6J9 tOll ion lllA WCCA 1020 
l 0 j11 2801 102? ALA l J.iJLl 
l (,:; 0 ii 7 2. .>40 102 j ALlf•= BF2 1022 
16 ti) 4C 102 '• JAX ion 
16 /. i olb1 io z 5 JMP R>'i 7 J.024 

1643 000:) l o.~6 RW3 DC ** 1025 
l o4 5 A 0 :)') 11>2 r i\LJA DATAlt-4 102& 

l (, '• 'l 6 A 'JI+ 1:) 2 iS 1-:.T J* T Ul.K l·U7 
i •.) 't ) o .\ <J A l;) ~ 9 :U J* TAJD 102 0 

l O't •J '>A'• 3 l J 3') kTJ* CLSTAT 1029 
l u·iO 63r-. l J J t J i'lf--~ f<..13 1030 

lo4f 0000 lCU2 R31 oc ** 1031 
1 (} ') l oA9C 1Qjj kTJ* SACO 1032 
J.653 69El 10.14 RIJ R'.13 103~ 

l 6 ;>:) f: 01 7 1 {) l ') L:JA SEC TUKt-2 10 y. 
l ,>') 1 i-0! 5 ldJo STA ::.r c rcrt. 1035 
16'>9 ,,Jf4 l ll 3 7 J1'11"* RH 1036 

l 0 ::111 *CALL RfJ i-1< 11 l OJ l 
lOJ'J * UC f.:l{f{QI{ 10J8 
lJ't 0 ~ DC STAK.T DATA VALUE 1039 
104 l * DC HdUIFY VALUE l 0 1.0 

l () 'J•l 1.JOOO 10'• 2 Wll JC ~~ iU 1d 
1 0 ·jL) OB l J·tJ :-; (1 ! 10«2 
lo.>t E JF ll lU•1 1• LOA* wll 1043 
u.:,o F00'1 l 0 1• '} SlA DATAl.+4 1044 
lve>2 H 00 11)1,(, LuV= H'O' 104? 
lu:,4 F 0 :Ji.\ iO'• r STA il1\ f Al +6 l 0'+(1 

It', 1, 6 t ();1 l) Hht: SI;\ 1MTAl+8 lU't 7 
i (J 6 d f: l;;'JDC 104'! LJA= F'l~:J;)' l0 1tb 
l66tl F007 105J STA D.:\i il. l t-2 10';9 
lt,f-,i) LO<it 10 '> l I. \J /'\ >IK I It lU50 
l '-~ () r: F 0 ,) '> lLJ'.>L :,Tµ, 0.;TAl 10 ':>1 
l () l i. tFOi li> :d LDV= H' l' 1052 
l (j 13 FOl.9 l0~1't _,r,.. CLOCK:) 1053 
167'.> FOll 10'.J5 STA wCCA 10'..>4 



ti I CH ll 
"' l J 

CROSS ASSI ~1 .. 1 lll SdlJ1{Cl l IS f I NG 

LUC tlt\J tC l E~ ~\Ml LA3tl UP UPtKANOS 04/ lu/75 PAGE 0021. 

l t> I I Lvn 10~>1> I. UA U \I l T lv~·~ 
l& 7') 2 \.)\) 5 10':> 7 LLA 5 10 'Jf, 
16 7d 6A4B 10':>8 \{ l J* LO CON 1057 
16 Tl) 09 1059 ~:02 105U . - ·-· -·· --··-- ·----··--·----· -· 
l& 7t 81DB 1060 LDX Wll 1059 
1680 46 1061 AWX 1060 
l6dl E4 l0o2 LUA- 1061 
10~12 fl 1 tl 1063 STA Wl2 1062 
lt.i34 't& 1064 A\·JX 1063 
1685 E:4 106? LDA- 1064 

---·· ----·.--. 

1636 F ll6 106& 5TA Wl.2+2 1065 
l6dtl 46 lOo I A~·JX 1066 
l6ti9 8900 1068 STX Wll 1067 
161313 0 (l 10&9 lt\J l 1068 
16tlC &912 10/0 RTJ ;H3 106'> 
16 Gt EOAO l () 11 LUA Rf::~O 1070 
l69J F005 l LH 2 STA DAT Al 1011 
1692 E:r04 l () 73 LDV= H1 4 1 1072 
l6':i4 A009 l 0 "f4 ADA DATA1+4 1073 
1696 f 009 107:> STA DATA1+4 1074 
l 6 ·)8 b906 1016 RTJ Wl3 1075 
l69A 63Bf 10 71 JMP* IHl 1070 
lo9C OOO't 1()/8 Wl2 OS 4 1077 
l6AO 0000 1079 Wl3 DC ** lOIU 
l6A2 6944 lOLO Rf J Ill 8 1079 
l6A't 6950 l Ot'l It I J Wl7 lOiJO 
l6A6 6 S4t. 1082 kTJ )i l 7 lOUl 
l(, J\ 0 EF02 10 iiJ LU V= H'2 1 10H2 ----·.---· ----
lb A fl F015 1084 STA St.C rllK 1OfJ3 
l6AC b'il4 l (J lJ 5 kTJ Wl5 10il4 
l6Af: o9.Hl 108 6 I< f J ~18 lOUS 
l6t10 ,:,944 1087 klJ W17 1086 
il>fi2 f: F 01 10.JtJ LDV= HI l. lOH7 
16 ~'.4 F015 l 0 ,,.J 5 TI' SE.CllJR 1088 
l6bo o9JA l O'JO K 1.; Wl'> 108'; 
l 6>J d 692E: 1091 RTJ Wl8 1090 
l6oA EFOO 1092 LDV: H'O' 1091 
l •'.>tiC f-015 lOYJ STA SCC.TOR 1092 
16'1[ 6')02 1094 IHJ Wl5 1093 
loCO 63DE l'J'l5 JMp(: Wl3 i0'>4 - --·---·- - - -
l6C2 0000 109& w 1 '> DC .;q;: 1095 
l6C4 E005 1097 ~16 LDt. Dfl 1A1 1096 
l6C6 8091: l0'.i8 SdA WRITE 1097 
loC() 19:)4 1099 NAL *-1-6 1096 
l6C A oAf:i.Z 1100 RfJ* MlZ 109'; 
16(. (. 6 l 112 1101 JMP *+4 1100 
l6Ct oAA4 1102 Pr J* CLR2 1101 
1600 &A!:.6 1103 kfJ* R ~·J • 1102 
l6d2 61 f-0 1104 JMP Wl6 1103 
l .su:+ 6A 'JC 1105 F; T J* Sf1DD 1104 
l 61Jo 6A9C 1106 K1J* SADD 1105 
l:JJ3 6Ac;c 1101 RlJ* :)ADO 1106 -- ·---.... ,,,. ____ ,. _______ 

l6DA 69lA llOL RTJ Wl7 1107 



• "1 l C t<O l 61.3 CROSS ASSEM\LER SOURCE LISTING 

LCC OBJLCT ER SH-; T LABEL OP OPLRANOS 04/10/75 PAGE 0022 

• l60C (>918 1109 !HJ Wl7 1108 

l60t 0916 1110 kTJ w 1 7 l l09 

• if.Ea EO l '.> 1111 LUA StC TOR J. l.lO 
l (> t.~ 13028 lllL Sl.!A MSEC 1111 
l6E4 14iJE 1113 JAN Wl6 1112 

• l6E6 o3DA 11 l'• JMP* Wl5 1113 
l6E8 0000 1115 !·'18 UC ** 1114 

lot A E lbO 1116 L [)A W12 1115 

• iuf::C Fo2040 Ul 7 STA/ Bf l ll 16 
l6iF El AO lild LUA Wl2+2 ll 17 
loF l Fo2042 l.l l ') S rt.I Bfl+2 1118 , l&Ftt 63F2 1120 JMP* WlU 1119 
16f6 OOJO lll L Wll UC ** llLO. 
l Ma ElA4 l lL2 LOA Wl2+2 1121 

• l6FA A3fl 1123 ADA* 1.1u+5 llU 
i tif r F.HoF 1U4 STA* Wlfi+.5 1123 

l6ft: &3fi.> l U.5 JMP* w l 7 lli:4 

• l 700 0000 llL6 SAiH!>T DC ~:::·..- 112~ 

l 102 08 lll. 7 ROl 1126 

l 7 J 3 E-roo 112a LUV= H'O' 1127 

~. 1 705 Hli:l 1129 STA Sl llLB 

1 Hl7 ff 55 113,J LDV= )(•55• 1129 

L7'J'J () 918 L 131 R. T J S2 1130 

lfOd Ell2 1U2 SS LOA Sl 1131 

170U 6939 ll:H I< T J S3 1132 

l 70F E-110 ll 34 L DA Sli-2 1133 

l7 lJ. 6935 1135 kTJ SJ 11.H 

llU 790C 1B6 [Jw r-: Sli-2 1135 

in:; uou 1137 LOA Sl 1136 

1' l 111 I l 06 1133 I~·' M Sl ll 37 

1119 8106 l U'i S f>A s i.i-2 1138 

llld l 9Et: l l 'tO ~t\l 55 11 :YI 

n w 63E l l l1t l J;v1P* SA0 rs T 1140 

l 71 F 001)4 l llt2 Sl l) s 4 lL 'tl 

l / l.3 0000 l lftO> S2 UC "''' 1142 

l / 2'.j f009 l l 4 1t STA llATAli-4 1143 

172 7 UOZB l 11t5 LOX MStC 1144 

1 12 '} 45 1 l J~ ,, [JC X li45 

uz,::,. C>9F 5 11-'tl srx Sl+Z 1146 

l/2C t:OA 0 111+8 l DA KE/\U 1141 

112 E f005 114 ·j STA JAi Al 1148 

l 7J::> E 705DC ll 5J llJi•= f:4 1500 1 l l 4'J 

1133 FO!J7 11:> l STA DA fAITZ 1150 

1735 u-oo 11 52 LOV= H'O' 1151 

1137 F ,~ Oti 11">3 ~ft. o;~fAlH.> l L.>2 

l 7 J'i f' U'Li 11 5. ~TA O<.Ttd+J 11 :d 

l l J'3 4d 11 ::>5 I •JA 11!'!4 

113•:.. 1'019 Li 5tJ s rt, dlUCr<S 1155 

l 7Ji: FOll 11'..i 1 SIA tiCCA l! 56 

ll4J i:: v2 I 11"> j L;'.)A U'I IT 11::> 7 

17'+2 200'.> 11 :.>9 l L ,~ 5 11 ::.e 
l 744 6,l4H lbJ ~~ r Jo:: LJCON ll 5S 

l l "*t• oJOJ 11 (i l J.-.r'~ 52 J.L oO 



;-;I Cr,J l.:. 13 Ci:WSS .-ssc,':.~L t:r< SG1J,<CE LISTI\G 

LllC iJ&JECT EK ST.H LABE:L UP OPERANJS 04/10/75 PAGE 0023 

l 748 0000 11 ;,2 S3 oc ** 1161 
l 7·'tA F 0 1 5 11(,3 STA SEC TOR J.162 
l r ·.c f-uZO'•O l l ,,,, STA/ [! f 1 1163 
l / 'tF ~'~ .\'t 11 <>? fdJ* CLR2 1164 
17?1 6A!:() 116:. 1i r J* P. w. 1165 

-- -·- ---

1753 6lfA 1167 J.'IP ¥-4 1166 
l 75 5 63Fl llol1 Ji'iP* 53 1167 

llo9 *RANDOM SEU< TEST ll6H 
l l5 7 0000 1170 RANT ST DC ** 11 o9 
1159 E lJlOO 11 71 LOA= f-'51Z' 11 lJ 
l75C F 116 1112 STA ><-H~l 11 I l 
l 7?E 08 1113 i<G l ll /2 
l 7';F EF'>9 ll 74 LDV= X'59' 117J 
1761 69CO l l 15 1HJ S2 l l / 1t 

1763 6917 1176 RA3 ?. T J GKN 11 f'j 
1105 24tH 11 77 LRA l ll 76 
l r r, r F015 1118 STA SEC TOR 1171 
l 769 802[; 1179 SIM MSEC 1118 
l lf>fj lCFA 11:.JO NAN *-4 1179 
l 7tii) E015 i UJl LOA SECTOR 1180 
l 70f- u'fOl 11 uz / :HJ S3 1181 
l 77l 7 <;J l llU3 01m RAl+l llil2 
1773 I:: 70000 lld4 RAl LUA= 0 lUB 
1776 19EB 1185 NAl RAJ 1184 
l77ti 6300 ll. 86 JMP* ;{ANT ST 1185 
l 77A Ai3CO 1187 DC X'ABCD' 118& 
l 77C 0000 11 Bil GRN oc ** l l t.l7 
l flt UFA 11 d'i LUA Gl{N-2 llf;8 
l J;jl) 08 1190 kOl llo9 
llt.ll DFOF 1191 ANV= H' 15' 1190 
1183 F906 1192 STV *+-8 1191 
l 1a5 UFJ 1193 LOA G•<N-2 1192 
l/d7 A 73CA1 11. 'i4 11DA= F '-29535' 1193 
1 7 cl,\ 20<)0 11 ') '> LLA ** 11 <.i4 
l l t.lC Al l:::C ll '70 ADA GKN-2 ll '15 
l78E FlEA 1197 STA GKN-2 1196 
l 7'10 6JEA 11 <JB JMP* GRN 1197 . ·--- --···---

ll'i9 * 11'18 
12•)0 *SINGLE: BLOCK \;KI TE/ kEAO TEST ll <; '1 

l 7-J2 0000 :..:: () l BDATST DC -....... 1200 
1794 t. UZl i2J2 LOA ;>lNSEC 1201 
17% t.Elt.l2E 12J3 RTJ/ ORW 1202 
1799 009E U04 DC l•R I TE: 1203 
l 79t3 05UC llO'> uc F'l500' 1204 
l79J CJOSD l 2G '.> oc x•ooso• liu5 
17-if- o l ao 12Dl iJC •" 38'•' L:: (JI, 

U-H 00Jl 12il8 oc l 12 07 
17\3 OJJO 12 ~)9 JC 0 lt:Oo 
17.\'l o~ Jl. ldO JC l 1209 
1 7,\ I FFFF 121 l oc F ' - l' 1210 
l 7!.d 1:021 1212 LU/\ :)IN SEC Ull 
l 7 A;) o5EJ1 12i3 i(T J* uDATST+5 1212 
l 7 AJ OJAO 1214 oc Rl:AO 1213 



MIC~O lolJ CROSS ASSlMblER SOUkCE LI STING 

LUC Q!jJ t:C T E:R STM T LABEL OP OPt:RANUS 04/ l0/ 75 PAGE 0024 

l lM: O'>DC U 15 uc FI i 500 I 14::14 
l 7 ill 0062 t.216 UC !('0062 1 121~ 

l fil 3 JldO Ul 7 UC f'384' 1216 
l fo') O•l<H lLlu DC l 1217 
L Id 7 0000 1219 UC 0 1218 
l 7fl 9 0001 L:'.20 DC 1219 
l 7 il •.i Fl-Ff- lLL L oc F 1 - l' 1220 
l f Li,J t:J2 J l2i2 LUA MULStC lo<'.21 
ll:\F t>tic)o l/23 RfJ* llDAT:,T+5 llll 
UC l 00AO li24 DC READ 1223 
l JC] 05UC l2h UC f 1 1500 1 1224 
l 7C 5 006 7 12Lu UC X'0067' 1225 
l 7C 7 0180 1227 oc F 1 38'+' 1226 
l IC,, oouz uzu UC 2 122 T 
l fCil \)(}\)Q l2L'I j(. 0 l22U 
l /CJ 0001 1230 DC l 122'> 
l 7Cf 1--f Fl' lL~l (JC 1--~ -1' l'JO 
l 7Dl b3Bf 1232 JMP* fWATST 1231 

12.)3 * 1237 
12 ] 1+ *MULTIPLE BLOCK WRITE/READ TEST l2JJ 

l lD J 00JO 123'..i MuST oc ** l2Y+ 
1705 t02J U;Su L IJ A !~UL SEC 1235 
l /I) 1 o':l55 123/ \{TJ u~..:_· .. J 12J6 
l fl)'J 009[ 123~ UC WKITE 1237 
l 7l)b 05DC 123'1 oc f'l500' llJO 
l 7iJJ 006C lZ4') !JC X'006C' 12 39 
l 7~) F (; 160 1L4 l UC F'384 1 lL 1+0 
17El oon 1242 lJC 2 1241 
l 7D JOOO LZ·+J t,( 0 1242 
17E5 OO·Jl 1244 DC i 1243 
l 7C7 f i'F 1-- l 21t? DC F 1 -1 1 lL44 
l 7 t'. 'I E023 12 't.f> LOA t.li.JLSEC 124~ 

l hd b <;t+ l 1247 RlJ 1) I{ i-1 1246 
l Jt:u o,1r,o l Z'•d DC R[AD l.Ut7 
l 7c:F 05LlC 1249 t1C F'l500' l24b 
l 7F l 00 fl 1.250 oc X1 0071 1 1249 
l 7H Oi80 12'.>1 DC f'384 1 1250 
l TF 5 00:)2 1252 GC ~ 12 51 
l IH OOJO 12 '>3 GC 0 1L52 
l 7f'1 00'.l l 12 '.>4 UC l 1253 
1 Fr,) if-H 1235 uC F 1 -1' 1.254 
l 7hJ E02l lL56 LDA ::.INSEC 1255 
l7H 6S20 lL 51 I{ l J 0101 lL56 
l BJ l OOAO 12 '.>tl DC Rt AO 12'.>7 
l <_ldJ 05UC l .L 5 (j UC. F 1 l500' 1251J 
l (j,)'.> 00 /ti L~O:J UC X1 00(6' lL:.•; 
180 7 OUH} L:'f1l llC F' 3H4' 126!) 
l!:l:)9 0001 1262 JC l 1261 
lbO!I 0000 lL6J UC 0 ll62 
l 0 ,)Ll 0002 1 ~-l.J't UC 2 1263 
l 001· ff!--[ 12<,':> lJC F '-2' l<:.o'• 
1£ i l EO.U l Zo" L l.lJ\ SINSfC l.U.1S> 
ltiU zcoz 1Lf>7 A;<A -, 

l('.66 L. 



Ml CflO 1613 CROSS ASSUlliLER SOURCE LISTING 

LJC UuJECT ER 5 l:~T LAbEL '.JP QP[RANOS 04/ 10/"/5 PAGE 0025 

lbl5 FlOA Uod 5 T fl MDZ 1267 r 1817 1::02 l 1269 LOA 5IN5EC l26d 
l fl l '1 6913 ino RTJ URW 1269 
l d 1 ti OOAO 12"/ 1 UC READ 1270 -·----- - ·- -"-"'" -
Ullu 05LlC 1272 UC f'1500' 1271 
l8lf 00/b 12B DG X'0076' 12 "f2 
1821 0000 1274 MD2 OG 0 1273 
ld?J 0001 121'.> DC l 12H 
l 82 5 0001 l«:./v DC. l 1215 
1327 0002 u.n UC 2 1276 
ld29 FFFE ll7o UC f 1 -2• 1277 
1821:1 6 71 703 12"/9 JMP= MOST 1L7o 

12fl0 *REAJJ/W~~ I TE ENTIRE DISK-DATA PATTERN. 1279 
12 ;J l *CALL LUA=WDr~U COUNT 1280 
1Lil2 * i<T J LJHW 1281 
l2dJ * DC REAU/\~RITE 1282 ---- ----------- --- ----·--. 
12tl4 * DC WAIT TIME 12 C:!3 
1285 * UC BASE tRROR 1284 
ize& * DC PATTERN LENGTH IIN WURDS) 1L85 
12·:.17 * Dl. = oLUCKS 1286 
1288 * cc START 1287 
12d9 * iJC I NTl:l<.LACE 1288 
1L90 * oc lL'.89 

182E 0000 1291 DRW UC ** 1290 
ltlJJ 2C01 12'J2 l\RA 1 1291 
lfUL FOll 1293 STA WCCA 1292 
ldH ti l F d 129+ LOX URI\ 1293 
l8Jo 09 1295 ROZ ll94 ------------··--.-
ldH t4 1296 LDA- 1295 
18.Hl F005 12 Lj 7 STA OAT Al 12'1& 
l ti 3A E20':> 12'18 LUA* OAT Al lZn 
183C Fi.)05 1299 STA DAT Al 1298 
lti3E 4o 1300 AWX 1299 
l83F E4 1301 LOA- 1300 --·- -----~------··-

l8'tJ F007 UOl 
.. ~ 

STA DATAl+Z 1301 
1842 46 1303 AWX 1302 
1843 E4 l 301t LOA- 1303 
l 81t4 f009 1305 STA OATA1+4 130'• 
l 8 1t& 46 l3llo AWX lJO'J 
lt34 7 tl9E5 13:.J STX DRW 1306 -- -----·---------·---- -· -- ·- ----- ·---··- -- -· -· . ~ ·-
l<.149 Od 1388 ROl 1307 
lil4A fF::lO 1309 LDV= H1 0 1 1308 
l84C FOOD 1310 STA lHTAl+8 1309 
l!HE 4A 1311 OCA 1310 
Uht: F008 1312 ::, L'I DATAl+6 1311 
lfl., 1 E4 1311 LOA- UlL 
l ti '>2 6E l:3D l 131 '~ 

. ·~ 

I\ T JI ?:.TGEN 1313 
1~55 81 u l 1315 LUX Dt:. 11'1 1314 
l.tl')7 09 131"' ;HJ2 131 '> 
i J '; j '•6 13 l 7 AWX 13 l () 
lri:H E4 13id LDA- 1317 
1 J j ;\ F019 lJl9 STA dUJCK.S 13ld 
Ltl 5C 46 1320 AWX l.319 



,,.JCr<O 1613 CROSS ASSEMJLER SOURCE LISTING 

L:.JC 0'3J EC T ER ST ,v, f LABEL OP DPCRANDS 04/ 10175 PAGE 0026 

18 '.> Ll E '• 1321 LUA- U20 
i :> sr: FloF UZL STA DK2+4 1321 
l d 6J 4o U2J A • .; X 1322 
18 bl E4 132 't LDA- 1323 
ld62 F 16 '1 1325 STA tJK2+Z 1324 
lil(A 46 lJ2v A'w X 1325 
l il6 5 f:4 1321 LUA- 1326 
Ul60 Ho3 l3Z3 STA OK2 1327 
1868 4o 1329 AWX U28 
lll&i 39C::l 13 ~.1 STX ORil lJ29 
1863 08 lHl RU l lHO 
ltlbC Eon 1332 lllA SINSEC 1331 
18:.[ AlOC LLB ADA DKl+l 1332 
I.ii 70 f 115 1334 STA D0-2 1333 
l'JU EO.Z7 lB5 LOJ.. U1~ l T lB4 
l d 7 't 2 ()1):, lJ .)(} LU1 5 1B5 
l tl 16 6A'tB 1337 <HJ* LUC UN U.36 
1;} 18 U:l5 lB8 DK5 LOA DK2+4 1337 
l B 7 I\ 4A 1339 OCA 1338 
l 1; 7 r) i-6204() u ~a DKl ST.\/ t3 Fl 1339 
1 tl 7 f: E14F I. Yt l L\)A DK2+4 134() 
l ·j 3 :) I' 015 L:l'tZ Sf A SEC TOR 1341 
ldd2 f:Ft8 l::l43 L DA DKZ+4 D42 
l tl tl'+ 48 l 3lt4 INA 1343 
l tl 8 5 4A l3lt5 OCA l 34 1t 
l ti tl .-, FvOOOO l .:.>46 STA/ ** lj45 
11'19 E005 l 3ft 7 DK3 LOA DAT Al 134[.i 
1380 oO'lf: l34h '.:> ll A irn. I Tl: 134 7 
lUdJ l 9 04 1349 NAZ *+'} 1348 
18.'lF 6AA2 l::l 5 0 RTJ* MU 1349 
UN l 6102 13 ') l JMf' *+t+ 13!:>0 
l tU3 6A:J.4 1352 1,JJ* CU\2 1351 
18')'.j 6AE6 1353 RTJ* RW. 1352 
lb 17 t:>lf O 1354 Ji'IP UK3 1J53 
l d'i9 C:l 3 0 13 5:> LUA DK.2 1354 
l.89M HOB 1356 STA DK6+l 1355 
lt.90 6 f>. <JC 1357 DK4 i' r J* sr,oo 1356 
l89F UDB l35d LOA* DKltl UST 
18 Al B019 1J':i9 .:.oA BLLCKS 1358 

ldAJ r JD 1 1300 ST A* DKl+l l3':i<J 

l tL\ ':> 7101 l 31> l HH'i DKo+l DoO 
ldA7 t:10000 1302 DK6 LUA"' 0 1361 
l'lAA 19Fl 1363 NAZ DK4 1362 
l e,;c 4A l3b4 OCA 1363 
l d f\t) A3CO 1305 ADA* OKl+l 1364 
lil!H' F C>.J& 1366 SIA* DK3-2 1365 
188 l E015 1367 LUA SEC TUR 1360 
l tl i\3 130213 1368 SfiA MSEC 131:>7 
l cid.) 1402 1369 JAN 010 136& 
l 8il I dll4 1370 L DX DK2+2 13&9 

1SB9 l:f 00 13 7i LUV= H1 0 1 1370 
18t>S A019 1312 J\ l) A ti LOCKS 13/1 
l 8t1lJ 45 1313 ucx 1312 



f''.I CfW 1613 CROSS ASSEMBLER SOURCE: LISTING 

LOC OHJ l:C T ER !:. TMT LABEL OP OPERANUS 04/10/75 PAGE 0027 

1 JtHo l liF B 1374 NXl ~'-3 lJH 
l 'lCO '-tA 13 75 UCA 1.374 
ldCl 48 13 fo INA 1H5 
ltJC2 Al Ot> L>77 All A DK2+4 1H6 
l8C4 FlO':I 1378 STA OK2+4 1317 
1SC6 lCBO 1379 NAN l)i<.5 1378 
i sea 67l82E 1380 JMP: DIUI 1.H9 
ldCB 0006 1.H.:1 OK2 OS 6 1380 

1:;82 *PATTERN GENERATION 1381 
l 3d.> *CALL LlJA= LENGTH 1382 
13b4 * tHJ PATGEN 1383 

1801 0000 130:> PATGEN DC ** 138-. 
18iH 4C 1386 TAX 1385 
lbD4 4F 1387 1 XB l3b6 
l <.>lh 413 l 3t>d OCB 1387 
liHi6 4<; l.,; (J ':I [ t'J I:) 1388 
l8U7 E7Fl:.d0 l HO LuA= F '-384' lB't 
l8UA Fl19 1391 ;. TA PGl+l 1390 
l80C 0 72040 1392 LDX= BF l 1391 
l8DF 69lA lj9j !HJ PG3 1'92 
18 El 6lOF 1J94 J~;P PGl-2 1393 
1 oE3 6':116 l 3'J5 RTJ PG3 1394 
18(5 6108 lJ96 J '-If' PGl-2 1395 
lo El 6912 139{ RTJ ?G3 1396 
l8t9 6107 139!.l JMP PGl-2 1397 
ldtR <.dE4 l3S9 JMP* PATGEN 13'J!l 
l3Eu EFOO 140'.) LDV= H'O' 1399 
1-'l [F ff .. 14 01 ST,.\- 1400 
1 di"' J 44 14.JZ lNX 1401 
ldFl '•4 l't03 ll'<X l 1t02 
ldF 2 l 10 l 140't !WM PGl+l 1403 
l8H c -10000 l4J'l PGl LUA= 0 1404 
1 BF 7 l'JF4 1406 1..,Al *-10 14Q'j 
ldF9 6306 l4J7 JMP* PAT~EN l 1ti.Jb 
ldFrl OOJO ll-t 08 PG3 UC ** 1407 
lt.lFO E7AAAA 140'1 LDA= X'AAAA' 1408 
l9J0 Fl57 141 i) STA PG5 1409 
19:12 t71'17E l't l. l LOA= P42 l 1t l () 
l 905 :>955 l4U iUJ P4l 1411 
l '107 o3F2 1413 J '11'* PG> lltl2 
l 9 ,)') EF JD 14 l '• LDV= rl IQ I l'tU 
190~ fl4C lltl) STA PG? 1'+14 
l'Jl)J tlF4 l't l C> LDA *-10 1 1'15 
19ilF 694[) 1417 R r J P41 1416 
19 ll 6Jt:3 l4ld J,'IP* PG3 l 1t l 7 
19 u :::fFt l'ti 9 LDV= d'-2' 14ltl 
1915 Fl42 1420 S1A PGS 1419 
l 9 l 7 E:7l98l 1421 PG6 LUI\= P43 i.420 
l'Jl.I\ 6941) 1422 RTJ P41 1421 
l91C 6 36 1-t llt2 .J JMP* P'd l'tl2 
l '11 t El8f:33 l•t,~ 1t LOA= X'3E:J8' llt.:'.3 
19n !' l Jo 11+2) STA pi.;5 1424 
t 923 E7hBC l 't2 (> LOA" P44 i.425 
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LUC UtlJ tC T ER Sr 11 T LAdEL UP OPERA'NDS 04/ 10/ 75 PAGE 0028 

192& o'U4 1't2 7 RTJ fl·'.tl 1426 
1923 &3ul 1428 JMP* PG3 1427 
l<JZA E755':i5 l. 429 LIJA= ;(I :.555 1 142 ti 
l '12J Fl2A l't30 STA PG5 1429 
l92F 1:102 1-1-H LU,\ PG3HI '1430 
1931 &929 1431. RTJ P4l 14.S 1 
19 35 63(6 143J JMP* PG3 1432 
i ')J 5 t:F 0 l 1434 LDV= H' l I 1433 
l 93' F 120 14'3'.> STA PG.5 14Yt 
l9B E lllD l'd.J LOA PG6tl l'd5 
19 J tl 691F 1437 RTJ P4l 1436 
19 Ju 63t\C l 1d8 JMP* PG3 1431 
193F EFFF l 'd9 LOV: H' - l 1 l43a 
19 1+ l fll6 14'+0 STA PG5 1439 
l q 1+ l F.l!Hc ll14 l LI.IA P\;3+8 1440 
l •J4:> &9 l 5 l4't2 RTJ P4l 14-H 
19 't l o3~2 1 1t4j JMP'I< PG.3 1442 
19 't'J E:F :)0 144'• LDV= H 1 0 1 1443 
l J4d f-lJC 1445 STA PG5 1444 
l 941) ElJ5 1't46 ·L01\ PG6+13 l41t5 
l94F 6SJd 1<+47 1' I J P4l l 't'tu 

1 'Vi l 631\ti l't 1, >) Ji11P* PG3 1447 
19';3 71A6 144'1 I W ;1 PG3 l44o 
l ')')5 71A4 14'..>0 I WM PG3 1449 
1957 63.\2 1't ':i l JMP* PG3 1'+50 
l 9':i9 0000 14'52 PG5 oc I.) 1451 
l 9 'j;J 66 14'.>3 oc X'66' 1452 
l 9 ._,c 0000 14 ':i·t ?41 UC ** H53 
b5t Fl Oil 1455 SIA ~ .. J.3 1454 
1960 08 1456 ROl 1455 
19 6 l tt-FO 145! LIJV= H'-16 1 1456 
1963 f-1 OE 14 'jd SIA *+16 1451 
19 .j 5 ClF2 14 'j') Ll'A PG5 l 1t58 
l 9b 7 f-4 1460 srA- 1459 
l 'J 6tl 44 l't6 l If" X 1460 
l ·16 9 44 1462 If\ X l4ol 
l96A 6EOOOO 1'+6 3 ldJ/ ** 1462 
19 61) 4 '; 14 o'• INEI l46j 
19..,E 1 2 Ell 146? JRl P4l-l 1464 
19 70 11 3J l :t ;.;b l \\ i". PGl+l l •t65 
l 9 72 l 7000Q l't I> I LGA= 0 1460 
19 !5 48 14uS INA 1467 
l 9 71, L 9 E i3 1409 IV.Al P4l+7 1468 

l 'i tu flU 14 70 11-IM P41 1469 
l 'J 7 fl 7 l E 0 l't /l I w~. P 1tl 14-rQ 

l'HC 6JlJ!: 1412 JMP* PH 14 11 
l 9 !!: OO!Jll J.4 / 3 P42 UC ** l<'t l 2 
l 9:i0 63FC 1474 JMP* P42 !ttl3 
1932 OOJO 14 75 P43 DC "* 14(4 

193 't E liB l '• {6 LDA PG5 l 't /5 
l9d6 .20Jl l47l LLA l 1416 
19 ::38 fl CF l'tlil ST A PG5 1417 
l'foA 63 f-<.> l •t 7 ') JMP* P43 14'/CI 



MICt{O 1613 Cl<USS ASStNtlLl::R SOURCE L lHIN~ 
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19!.lC 0000 14th) P44 D<: ** 1479 
l'J8t E1L9 l4Bl LDA PG5 1480 
l 'VJO 4A llt82 CCA 14<ll 

L ___ 1991 FlCu -·---·------··---- 11.e3 STA PG~ 1482 
l9Jj &Jf 1 14 t3'1· J;'IP* p 1t4 1483 

1435 * PARAMHLR INPUT ROUTINE 1484 
19 9 5 0000 1486 PAR AM UC ** 1485 
1997 EF!)O l'to 7 LlJV= H'O' 1486 
i 9 9"-i FOZF l4B<l STA i.JAVAL 1437 
lq9B F031 

"' - ----- ----· . - - 148 'J .. STA Lf'(, 1488 
l'19D HI-'> l4·JO LDV= H '-7' 1489 
l99F F033 l't'Jl STA ff l 1490 
19t.l EFOl 14')2 LDV= HI 1 1 149 l 
l 9il 3 FO.i9 l 't'J j srA i'ASSl 1492 
l 9 ;\5 l:FFC l't'l<t LOV= H 1-4' 1493 
19 0. 7 F 11 o 14'15 SlA l'IU t-l 1494 
19A9 E 72000 14'.'6 L!JA= Ou Ar 1495 
l<JAC Fl09 1'•97 STA Pl<2 1496 
l9AE &E.lA6A l49g PU RTJ/ UN PAR GET UNIT PARAMETERS 1497 
1981 6115 l 't<J9 JMP P21 1418 
l <J(H oAC'J 1500 ..:.TJ* 14. SAVE THtM 14'19 
l 9:J 5 uo la 150 l. uC TDSK l.500 
l 9r\ 1 

-- --·--. -
PR2 

... 

LlC 1501 0000 l.5ll2 0 
19!39 OQlO 1503 DC M5l:C-TDSK 1502 
193t> El FA 1504 ll) I\ PKZ 1503 
19 rh) Alf A 150? ADA PRZ+Z lNCR PARAMETER ADDR 15 0'• 
l9RF I- l F <> l5d& ;; T.\ PstZ 1?05 
l 'JC l 71J l l '.•il 1 [I~ M PRl+l 1500 
l<lC3 ElOOOO l ~'Ud PRl. LOA= 0 1507 
i9C6 19E6 l 50'i r-.AZ Pl'.3 DONE: 1508 
l 9C 8 UFA 1510 P21 LlJA Pi<l + l 1.509 
l9CA II F 04 l:>i l ADV= HI 4 1 1510 
19,:C 11C9 15 ll JAZ PAKAM+2 1511 
19CE FClH 1513 STA PllR rs 1512 
l'JDJ 6AH2· 1514 P2.2 RTJ* Ci,LF 1513 
l 9:)2 6AAA 1'15 RT J*. THX 1514 
l9D4 IJ4Ll900C5 1516 0(.. C 'lYPE CONTROLLER Df:VICE CODE 1515 
l'JJU AOC3CFCE 
l9JC 0402CFCC 
l'JtO CCC:i02AO 
l'JL 1t C4C 5u6C9 
19f:8 C3C5AOC3 
l 91::C CFC'tC5AO 
l 9F 1l AO 
l 9F l 00 1511 DC H'O' 1516 
19F2 6Al. ~ 1:>l8 RTJ* HI. READ HEX 1517 
l 9i''t FOZD 15 l ') STA ADOIU'. SS 1?18 
19F6 370100 1520 LOX= x 1 100• SET ALL INTERRUPT LOC TO ILP 1519 
l <) f 9 EFCO l '.:>21 LDV= H1 -b4 1 1520 
l ':If d 2El0 1522 /,t{ l 16 1521 
l9FD i:0C2 1523 LOA Ir. 1522 
l <J FF 09 1524 Rf12 1523 .. 
LAOJ F4 1525 ::, IA- 1524 
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l,\rH 4b 1526 A"X 1525 
lA'.J2 49 l'>n l N 13 1526 
l.1103 lAF-8 l 5 28 Nf1.l *-3 l':>l 7 

' 111 IJ 5 () u 1529 Rul 1528 
l ;.\,):., 6Au2 1530 P.T J* CRLF l 52'J 
l ;~Od oA.'IA 15Jl tHJ* TTEX 1530 
lA:JA C5CEU4C5 1532 DC C'f:NTER FORMAT LOOP CONTROL• 1531 
l A;)E D2AOC6CF 
11\lZ 02CDC104 
l/\ l (, AOCCCFCF 
11\lA DOi-10C3CF 
l A ii: CEt)402CF 
lAZZ cc 
LA2..1 1)0 l 5J3 DC H'O' 1532 
l 1\ 2 1t EFOO 1534 LOV= 11•0• 1 '..133 
l A/.t> f03!} l. 5 35 STA LPfURM 1534 
1A2cl FOJO 15.H. !>TA 1-uY 1535 
lAZA i-OJF l 5J7 STA SfT 1536 

l. 5.JU * SW 3 2 l 1:>3 1 
15Y7 1• s R F 1538 
15 'tfl *F=O i UE/'AT UJ,;CE • 1539 
l '.>4 l. *F-=l < C.ll<hA T AT BEGIN Of EACH PASS. l5't0 
1542 *K=O RUN COM PL E:Tf: DI AGNOS Tl C. 1541 
l:i4J *R=l FORMAT UNLY. 1542 
1544 *S=O SPECIAL FORMAT TEST NOT KUN. 1543 
l '.:i '• 5 *S=l 51-'E:CIAL FOKMAT EST KUN. l 5 1t4 

I ;\ZC oAC 13 l '.i ti.I kf J* cs. 1545 
1 AZt: Zuu l 15'• "l ,.LA l l 5't6 
lA \J l.C02 l 5'· tl NAN *+4 15-t7 
l A :JL "/OJ F 15-.'J HIM SFJ 1548 
lAH 2 eu l 1550 ALA l l5't9 

1A36 I.COL 15 ?l f\;l\N *+4 1550 
11\3~ 7'.H1} l'.J'.>2 I \11': hJY 1551 
lA:JA ~il·H l '>':>3 11 l A l 1552 
lA ?.C lL.02 l »':>4 NAN "-+'t l ')53 
lA3l: 703h 15 '.>5 l ~IH LP FORM 15'>4 
l A'• Cl ut:lllB7 b'>b RTJ/ ETNAl 1555 
l •\/+J u-AAA l '> ~) -, RTJ* TTEX 15 56 
1 A't '.> ;\OC 5U202 1553 UC c• Er\ROR AND TYPE OUT CONTROLS• 1557 
1 A 't'J \..FJ!AOCl 
1 A·tu ClC-+A004 
1A51 U9iJOC5AO 
l A')'> C FU504AO 
lA'.d C:1CHf04 
l A :Ju 02CFCCD3 
lAt>l 8D3AOO . 1559 l•C X':HJ8A00 1 15'.>ti 

b60 *SW 4 ;) 2 I. 15'.:>9 
l'.>61 * A J H R 1560 
i '.>62 *K=O CUN flNUt.S WITH TEST. 1561 
l 50.;, *R=l REPEATS CURRENT OPERATION. l5C,2 
1504 *H=O HAL l S UN t/1CH ERRLIR. 156.3 
1565 *H=l CUNflNUES CN f:KRORS. 1564 
15.06 *T=O TYPE: OUT ALL E::RROKS. 156') 



~ICRO 16&3 CROSS ASSEM~LE~ SOURCE LISTING 

LOG Ur3JECT ER STMT LABEL OP Of'ERANDS 

1Ao4 00 
1Ao5 05 
lAo6 071995 

··--- ----· ---~-- ---.------~-------

--- ---- --- ··-·-----.----- - ---- ----------------- . .-

lA6'1 66 
lAoA 0000 
l <\(J( 6AR2 
lA6t 6AAA 
1A70 C5CtD4C5 
lA 7 't oz:,l1C4C9 
l fl 7 d LUCtlAOD4 
IA tc C5U3D4AO 
lAilv C9Cl:C6CF 
lll!l4 D2C OC 104 
lA85 C9CFCE 
l/:1,> t5 00 
l fl dC &AC 8 
l Adf: 1409 
1A90 2 80 l 
lAQZ <tC 
l fl') j t 13,) l 
lA'i5 0 7C JOO 
l A 'Ju F-02 l 
lfl9A EFOO 
1A9C 1501 
l A'; t 4A 
lA'IF FOU:l 
lAAl 6AC8 
lAAJ 2002 

1561 
l56il 
l 56'J 
1570 
1571 
15 Tl 
1573 
1574 
1575 
15-, (; 
15 77 
157d 
lS79 
1 '.>UO 
1581 
l5llL 

. l 583 
15 !V. 
1585 
1586 
1';d7 
1588 
1589 
1:::>90 
1591 

/1592 
l 'j '13 
15'14 
159:> 
1596 
1597 
i 592 
1599 

16(1() 

1601 
1&02 
1603 
lo04 
1&05 
160(, 
1607 
l6Ud 
1609 
16 l i) 
16 i1 
l tl 12 
1613 

*T=l Otl~TE TYPE our. 
*A=O TY~E UJT ONLY FIRST 6 ERRORS. 
*A=l lYPt OUT ALL ERRORS. 

HLT 
EIN ENABLE INTERRUPT 
JMP= PARAM 

* ENTER PARAMETEKS FOR A DISK PORT 

* * SW 4 3 2 l 
* D T u U 
* I- s l 
* X R 
*T=O fIXED HtAO DISK. 
*T=l MOVING HEAO DISK. 
*D=O ENrER PARAMETERS. 
*0:1 !JONE. 

* *Z=O 100 TPI 
*Z=l 200 TPI 
*S:O 12 SECTO~S/TRACK. 

UU=UNIT. T=TYPE OF OISC,O=DONE· 
Z=TRACKS/INCH,S=SECTORS/TRACKS,F=fULL 

*S=l 24 StCTORS/TRACK, 128 WORDS/SECTOR 
*f=O TEST FULL DISK. 
*f=l TEST LESS THAN FULL DISK. 

* *R=O 
*R:l 
*X=Q 
*X=l 

UN PAR 

DON'T TEST REMOVABLE DISK 
TEST REMOVABLE. DISK 
UUN'T TEST FIXED DISK 
TEST FIXlO DISK 
DC X1 66' 
DC ** 
kTJ* Cf\Lf 
IHJ*. TTtX 
DC C 1 ~NTER DISK TEST INFORMATION' 

DC 
lllJ* 
JAN 
ALA 
TAX 
Alf, 
Af\Jh= 
:, 1 A 
LOV= 
JXN 
OC A 
STA 
RTJ* 
lLA 

H'O' 
ES. 
UNPAR-1 
l 

l 
x•cooo• 
UNIT 
H'O' 
*""3 

lDSK 
ES. 
2 

lJONE 
NO 
X =TUU 

FIXED HEAD 

FYSZ 

04/ 10175 

l'.>06 
1567 
1508 
1569 
1:) 70 
1571 
1572 
15 73 
1574 
1575 
b76 
15 77 
1578 
1579 
l5d0 
15ol 
1582 
1583 
1584 
15b5 
1586 
15ti 7 
1588 
1589 
15'10 
1591 
1592 
1593 
1594 
1595 
1596 
l :,9 I 
15S.8 

15'79 
1600 
1601 
1602 
lt.03 
1604 
1605 
1606 
1607 
1608 
1009 
1610 
1611 
1612 

PAGE 0031 
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Mi(tW 1613 moss ASSHH1LER SUUt<CE LISTING 

LUC UbJ EC T ER srnr LAtJEL GP llr'LRANlJS 04/10/75 PAGE 0032 

lMI'..> 4C 16 l ~ f AX l(; l j 

l t.4 0 Ot"i ltd? hll4 1614 
l /\A 7 EFJZOO l (> l () LUV= ')12 16 l:, 
l A.\;\ 000( 1017 UC 12 lol6 
l.A i\C 1005 lulu NXN *+l 161/ 
lAAI:: EFOlOO 1619 LUV= 256 l6lb 
l ·\13 l OOlo 16 2 0 DC 24 1619 
1 A'~J 08 loLl ~~n 1 1620 
l/\t.Stt FO.U lt.22 :':.TA S1h5cC J.621 

lAtl '' 2C01 162 .3 11kt. l 1622 
lA!>d A021 lo.:>.f 1\UA S l i'JSEC 1623 
lAtlA f023 loZ5 5 l I\ MULSEC 1624 
lAbC 2210 lo2o LLL l () 1625 
11\ '\ t FU/\ 1627 STA NlJMStC 1626 
l •\CO E:O·H 16LH LDA s· . ., 1027 
lAC2 Lll03 l6L':.1 LLJ\ .. lt.LU 
l \C't 4C l6JO TAX 162') 
lf•C 5 1::70198 l6H LOA-= 408 1&30 
lACB l llll2 1632 NXN *+4 l.6.:H 
l AC'' L 3U l 16 3 3 AL". l 16.:.2 
11\ l,[ Fl 2f l oJ!t ST 1\ N f :< llH 
11\C E E 0 111 1635 LOt, TUSK 1634 
lAIJJ 1Cn lojt> NAr'l U5l lt.35 
l Atl2 bAt32 ltd., i::TJ* tilLF 16J6 
lA1h 6AA;;. l (, 3 ,j RTJ* fTLX F IXl::D HEAD 1637 
l i-\l)6 u't.l900C 5 lo39 IA. <.'TYPE NUMBER l)f HEADS lofo 
lA.J.< •\0Cl:D5CD 
l 1\•Jt CZC':l02AO 
l At:Z <.FCoAOC8 
l.~Eo C5C1C403 
lAFA AOAO 
lAl:C 00 l 6 1t0 DC H'0' l<:d') 
l A t:u LAC I+ loft l. RT J.:< H l • l64G 
lA[F l lLC 16Lt2 JAZ Ut::k 1641 
11\t' l 4C l 6't3 f AX l 6 1+2 
11\f 2 tJ71-fEO 16'+'+ Af'.A= X'fFE0 1 ·= lo 1643 
lAF S 1926 lo45 NAZ Ui.: I{ 1644 
lM· T &9J4 l6t6 s rx NTK 161+5 
1,\f '1 tJ 7dCiOO 11''• r U51 LUX= 0 l Vt 6 

lAi-A l {J/t d NUMSEC l:i.l \J *-2 16·+ 7 .. 
lHC t HAFC l 0'+-) LOA= * 1648 

1 llF l) lb ~ll) f\JTK l(.)U *-2 16'>9 
lAFF 6922 1651 tHJ Ul) 1650 
l ii 0 l F 0 l F 1 o'.>2 ST A ~1RSC 16:>1 
11"· Jj F Ji.[) 1£153 SlA f'wi rsc !(., 52 
l :j 1) '> I: f () 0 16 ') 1+ LOV= H'O' iu:,3 
1 ii J T Fv25 1(15'.:> :, 1 A ftJLL 165'+ 
ldO'J [041 l6':l6 LU/\ s.-; 1655 
ldOt-l l.C02 16 ::.-/ NAN *+4 1650 
lf\01) 0927 1658 f: T J U7 1657 
l tlJF &AC<.; l&'i9 k lJ~' ES. 1658 
ltH l Z002 lb•~G LLA 2 l 65'~ 
lRlJ lJ 7COOO 160 l ANA= x•cooo• 1660 



MICRU 11, 13 CROSS ASSU.iJLER SUURCE LISTlN<.; 

lt:C OBJECT ER STMT LAl:l[L (H' OPERANDS 04/10/75 PAGE 0033 

lll l 0 FOZ9 lb(>2 SlA DAISY 1661 r- -- ---- -.------· - -

16{,3 LlJX/ 1602 ltl 18 B6lA6A IJNPAR 
lBiB &5J2 loo·> JMP+ 2 1663 
HllD 6Al:l4 l&Li 5 urn f: T J* TWQ 1664 
ltllf 

66 lA6C ________ 
1666 J~\P/ Utl.PAkt-2 1665 
166 7 * MAX Sl:C TOR 1666 

ll:li.2 66 1668 DC X•66 1 1607 
ltl23 0000 loo<J U6 DC ** lt>&8 
1B2~ 4f 1670 TXL lt.69 
lf\26 4o lii7l UC i.\ 1670 - ···----·------------
ltlZ 7 49 1672 lNC\ 1671 
1B28 Fl04 16 73 SH *+6 1672 
1B2A 49 l (J/ 4 lNB 1673 
lll2LI lLF':> 16 "/? JBZ U6-l 1674 
lb2t, A 70000 1616 1;DA= 0 16"/5 
lB30 6lF8 lo 77 ,IMP *-6 1076 
ill j 2 6AB4 16{~ ----u73- f\TJ* TQQ 1677 
lllJ4 0102 1679 JNP U7t-2 1678 
1!336 0000 1680 U7 DC ** 1679 
1838 6A82 1681 kTJ* CP.LF 1680 
l'HA oA/\A 1602 RTJ* T Tl:: X l&t.l 
1 BJC D4tJ9uOC5 l6li3 llC C 1 TYPE MAX CYLI ND-ER lb82 ---------·--
lB4u AOC DC 108 
l B1t4 AOl.3D9CC 
ltl't8 C 9C EC4C 5 
lR4C DZAOAO 
1 iJ4t- 00 l6Jit UC H'0 1 1683 
lf''>O 6;\C4 16dj IUJ* H l. l6il4 

- . ,_ -- ----·-- - -11\'_;2 F 010 1686 STA MISC l6d5 
lB'.>4 801B l&d 7 LlJX TDSK 1686 
lll'>o ltiOC loUd 1'Xl U74 1687 
LJ:>a llDll 1009 Jt,Z U73 l&il8 
lt; 5A 2801 1 i,<J \) ALA 1 1669 
l l3SC B 19f- l o'J l Sl<A l'ITK 16'-10 
18'.>E 1CU2 l 092 NAN U73 l 691 
lRoO EOlD lo93 LUA MTSC 1692 
11362 2801 1694 f<LA l 1693 
lbl>4 dl94 l 0'; 5 U74 LUX N'JMSEC l &9·~ 
1t306 69f_)R 16 '-16 kfJ Ub 169:> 
lli&J fOlD ll>') 1 '.:.IA Ml !:>C 169(: 
lu6A 60Hi l f)<Jd LUX TDSK 1&9/ 
lHoC 1306 1699 JXZ U72 1698 
lB6E l:Olf 1700 LOA Ml{SC 1699 
ltHO 8010 1701 St>A MTSC 1100 
1G72 14BE 1702 JAN U73 1701 
l Ll 7 •t EFH l70J U72 LDV= H' -1' 1102 
lJ fo F025 l 7 .J4 sr.:. FULL 1703 
lH 78 o3BC 1105 JMP* U7 1704 

lfO& * 1705 
1701 ""' TYPE TEXT 1706 

l r1 7A o4 1708 JHP- 1707 
l rl 7 t3 1)000 1709 EH: X DC ** l /OU 
l r1 {[) UlFC 1710 LUX EfEX ll09 
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1:3 fr EC 1711 LUV- 1710 

l~oO 44 l 712 INX 1711 
UHH l lr' 7 l ll 3 JAZ l:HX-1 1712 

j 
l Ii d3 6 •\~f.i 1714 RTJ* ru. 1113 L 
l t1 d ,, olf!l l 7 l ,, JNi-' *-6 1714 

1fl0 * TYPE CRLF 1715 
lBd l 0000 l 71 7 ECF DC ** l ll6 
ld:lY i.df () l 718 Er J ETEX 1717 

l l tldtl dlJ8,~00 1 71 'J fJC X'hU8A00 1 1718 

L 1:J dL oJI- 7 1120 JMP* Hf l 719 
LIL l * TYPE 1720 

l tl90 0000 l 722 EOoi UC ** 1121 
ltl92 l>'IE 7 17 L3 !HJ fJEX 1722 
l J 'ilt BFbF l 7 t. '• DC c. l 7.:'.3 
1'3) () 00 1725 DC H'O' 1124 
13'1 l 63F 7 l 7 2" Ji~P* .: Ql~ 1725 
l >J 9'J 0000 112 l EV I::. DC ~o~ 1726 
l tl ') i3 6Ai32 1728 j{fJ* CRLF 1727 
1119 L) i>A·\A l 7 2') i<TJ* HLX 1728 
1 il 'it= C. 4C 90.3C l l / ;o DC C' 01 SABU:• 1729 
l .).\J C2CCC5 
l.Ho 00 UJl UC 11•0• 1130 
1131\ ., i>':llf 1732 !HJ f P.S\~ 1731 

l fl.' 9 6Afl2 11 jj ETJ* CRLF 1732 
l :l !\[j 01..l 17 Vt HL T 1733 
l tl 1\C 63tB 1735 ,JMP* f: l) f s 1734 
lHAt 0000 l7Jc, HNA UC *~· l 7 J5' 

l Ll 11\J 0905 11 J7 k T J E T1~Al l l ;)(, 

ltF'·2 t>A;\L 17.:Hl !: l J ~- Ci~Lf 1737 
ltlb4 00 1739 HL T 17 J8 
Hill5 63F 7 1 7 1t0 J r~f'* C:ENA 1739 

lil ti l uooo U'tl ETNAl DC ~~* 1740 
lGi\9 t>Ao2 l 7tt2 H 1 J~' CRLf 1741 
lBtH'· oAAA l Ft.; RlJ* TTt:X l/42 

urno G:>LEC1C2 l 'ft,4 i.;r ... C1 ENAtilE' 1743 
18Cl CCC5 
UCJ 00 l 7 't5 UC Ii I 0 I 1744 
lr1Clt 6'J•)2 l ( .. (> ldJ fi(SW 1745 

l>\CG u3EF 11-. '/ j I~ p,_ EfNA l 1/46 
l ;•CH OJJO l 7't iJ FR::.W uC ** 1747 

li.;C> 6•\AA l 7 ft') FfJ* lffl 114& 
li3CC AOC6CFD2 l -(50 !JC c• FORi't.l\T SWITCH' 174'1 
l '.:l !)() CUClD4AO 
l 13!)·~ Ll-'U7C904 
l iJd ~ C3C ~l 
lL\Ui< () () l.f '.) l. lJC H'O' 1150 
lu:Hl 0Jb1 l 752 J;"IP" fRSW 1751 
l R1Hl J70Uv0 l 7~3 LOX= 0 l 752 

ldt: J t: 7lHlUO l/5t;. l!JA= {) l 753 

101:3 60 1755 oc X'66' li5t;. 
l ill:+ 0000 l 7 ':>" ED.AT !JC ** 1755 
11ko Jti 17'>7 R Li 1 17?6 
ltk l F lf' tl l 75 B Sf A l::UAI-3 1757 
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LOC CBJECT ER SHH LABEL OP OPEKANLlS 04/10//5 PAGE 0035 

1Bt9 tJ9F 3 1 7')'J, STX EliAT-o 175(j 
l K ic 13 02 l fol.) ls"' l 7 :>'J 
lB tL 2801 l 7 ti l ALA lfoJ 

~ l ti LE l4f O 1702 J A1\J f:UAT-4 l lol 
lllf 0 oAA,\ 1 71,3 RIJ* TTtX 1762 
ltiF 2 AOOfCFD2 l 7o4 DC c• l'OKD I 1763 
1HF6 C4AO 
lilf d 00 17&5 oc H'O' l 7o4 
l BF 9 ElEJ 17 (>(, LIJA l:Jl\T-6 llo5 
rnrB B 72340 1707 SBi<= BFZ l/ou 
ll3FE 6AB6 l 7 o!3 P.fJ* TYPWO 17o1 
lCJ.J 6Al\A l 7,,9 F: T J* Tr!:X lfoB 
lCOl. AOC4ClD4 l7l0 DC c• DATA I 170'1 
1C06 Cl AO 
lC ld 00 17/l DC H'0 1 1770 
lCJ'J 6AB8 1772 RfJ* TS ll l Hl 
lCutl UD4 l 71 j LLlA '-' EUA 1-3 1 772 
lCOU &AB6 1114 ll.TJ1': TYPWD 1.,73 
lCOF 6ABf, l .,., '::> f',T J* TIS 1U4 
1..: ll EJCll 1776 tu A* EuAT-6 u 75 
u: u 6Ad0 l,., 1 I' r J* T'f PWD l l7i., 
lC l '::> t>ABZ 111 d l• T J* C~lf Ull 
lC J. 7 6lC4 l 779 J ~~ f' EOAT-7 l 77d 

l foO * 1779 
lC 19 0000 1781 ETOO llC ** 11 t.O 
l (, l ll 02 1J<.J2 [SW 1781 
lClC ZiJO l l 783 .~LA 1 l '82 
lClL 1404 110..+ JAN * q, l !B3 
iCZU 6ABO l7d':i ;{ l J * TL.l l/84 
1C22 6ABC 1706 kl J* TTAS 1185 
1C24 (dF j 178 1 JMP* l.:TUO l / d(, 

l 7HH * l ltl I 
1C26 66 1 7U<J DC. X'ob' l78b 
lU l vOiJO l 1'1\) ECB DC ''* l / d 'J 
1C29 F 119 1791 ;,, TA S ltlRl 1 F1lJ 
l C28 Ots 1192 ROl 1191 
lUC l:FOO 1193 LDV= HI<) I 17')2 
lCZE 1-90E l 7Y 1t SlV STURl-6 l /<-; 3 
lC 10 02 1795 ESh 1 7.:,1. 
1C31 2301 1 7-J6 f.l A l 11'.I'::> 
lC J 3 l4F l l/91 JAN EL. il-1 11% 
lC 35 6A/\ I\ 119d !UJ* TT EX 1797 
iC H C 3C 502AO 1799 LlC C'CEK l F18 
lC ..Ii} AO 
lUC .)O lRCJD DC H'O' l ]C,lj 

iC _10 tFllO l tlO 1 LOV= H'O' lt.00 
lCJF 1909 1802 Nt,L. STUK1+6 u,01 
lC4 l oABo lti\.l3 KTJ* 1 :.B 1002 
l{,lt3 t 70000 l tltJlt l Ll/\ = 0 l c;(J3 

1C44 ll>O'j STORl E:l)U *-2 lb .Jlt 
l C'1 o 6AB6 1806 j( l J* TYf'wD lJ;:JS 
1C4& oABA l8l1 I iUJ~ TIS l (I CJCJ 
1C4A 6A47 130!3 KTJ* RuSTAT 1807 
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l ( 1t( (, /:. [\ (, l :j ()') RTJ* fYt>wD l (_; () iJ 
l L. •t L 6Af.\2 l (; 1-) k 1 J ,, (. J(I_ f l 0 U'-1 
i c 'j 0 tdJ)'j liJ 11 JMP~ £Cu l!Ol(.1 

l'JU * l t. I I 
l (. ;il vOOO l ll 13 EC I lJC ~'"* ~ t.1 2 
1(.5 4 f:lFC 1614 L ()/, l:CI lb l .l 
1(56 FlCF l cl l 5 !:>TA EL.fl l 8 l '• 
lC 'JIJ 08 l ll l (, RC; 1 l c.l ~ 
lC ?9 cFFf- l t:; i-r LDV= H '-1' 161 (, 
lL:>tl 61Ul llll8 J1'<1P ECo+7 l u 1 7 

l 019 * lb 1H 
lC '>D 0000 lb20 ETSB oc ~n:: Ull9 
l C ')F 6AAA 18ll PTJ* TfEX 18~() 

1(6 l D3C2AOAO l'.,22 oc C'SB i tln 
lC6'..i () () !iL:.'.; DC H'O' l.J22 
lC6& o.>F 5 l fl 2'· JMP* ETSB lJO 

1JZ5 * lu24 
lC&tl 0000 Ui26 ET IS DC *~' le2~ 
l c1,A 6AAA 1BL7 kTJ* TTEX l<.!20 
lCoC AOC 'J03AO luLH oc c• IS • l u;~ 7 
lC 7l) 00 l d l: 'I Ul. h'O' 1 o2cl 
lC / l 63F 5 l<.uO JM p.;, tl!S lti29 

lcdJ. * BA!< SB ---- I S ---- l<UO 
lC 73 66 lu32 DC x. <:>6 1 1031 
lC/4 0000 Ul33 ETi3 DC ** un;: 
IC 76 02 l<.d•t ESw lUjJ 
lC 77 2 d'.)l ltB5 Ali\ l 1 i:J_j '• 

i L 7CJ 14t- u l :.-!36 J :',/~ ETB-1 ltd'.; 
lC/J 6Ai\A UH/ kTJ* TTi:X llU6 
lC 7J C2ClD2AO l<bll oc C 1 l\AR l<.U7 
lCd l AO 
1Ccl2 00 l8J':I LJC H'O' lJ.>b 
lClU bABb lH40 !' T J '" 1 s tl l d.J'J 
lUl'.>- E 01 '.i l d'• l LOA St:C TUR ld'+O 
1(87 A02f- l ll +L /It) t. 0 I; VAL 1B4l 
lC U9 6Ab& lt? 't3 kTJ* TYPwO 1842 
l c tl I:) 6At1A 11144 RTJ* Tl s lU43 
1 c dlJ 6A4'J lb45 ~: T J* l<D i3 AR 18'~'· 
l( <if- 6A[J6 104:.i KT J"" TYPWD 104~ 

lC 'i l 6Atl.:. l cl 1t I KTJ* C!~U- lU1& 
lC'IJ 63DF ld4tl J1~P* E rn l <! 1t 7 

li.<t'i * ll.l4f3 
lC95 0001) l tl !>0 SRI lJC ** l ;11,9 
lVJ 7 flFC 1851 l [)A SKI liJ5!) 
l. c 'J.'·J f-10 5 1052 .$Ti\ s 1~ a l ij :J l 
lC913 i:1' Fr- 18S3 LDV= H 1 -!1 Ld.>L 
lC·1iJ 6lU/ Ul'.>4 J1'1P SKB+6 llb3 
tC9f 66 13 'j'j llC X1 6& 1 1 J5'· 
l(AO 0000 1856 SR8 UC ** io'.>5 
l Cl\2 fll8 l (l, l STA $ l~L + 1 l tl '.>6 
lLJ.4 EFOO l!:i'.>l.l LDV-= H'0 1 l i.15 / 
l Ctu::i F90l l ci59 ::. TV SRl.+1 l!bd 
lCAd 02 ie00 E5V- le 5 '.i 
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l( I~':; 2801 1861 Al fl lo60 
lL t;) 14F 2. 1062. Jt.i~ s~e-1 1861 
lCAu 6AAA l b6J hlJ* T TtX 18&2 
l(i'.F- iUO 302AO 16 &4 LiC c•ssR 1 e .:,3 
lC l\3 AO 
1Ul4 00 lb6'.> (JC H'O' 1364 
lC65 E:FJO lb 1)6 SR l LDV= H'O' l b65 
l c i\ 7 19 ()<, l !l i1 l bll SkJ 1806 
1Ch9 o,\lJil l t.0 b k r 0 ~, T S tl le6t 
lC:B t 7(1000 l L .'> -J ~R2 lOA= 0 lCbo 
ll. t>L 61\t\t, 11: 10 RT J t.• TYP"O 1869 
ll. (.. 0 uAbA lo 71 RTJ* TlS lo 70 
ll. c 2 6A55 l d 7 2. SR3 RTJ* KS ::iK. 18 71 
lCC't 6ArJb u. 7 j I' T J" TYPr1D i 15 l 2 
IC.Co bAll2 lb l 1• KTJ* C RU- lf; 73 
lCC ,< 6506 1 ~; 7 5 J MI 4:~ s~d lf>h 

1376 * Ri:'AU rl:: x liJ 75 
1cu. 2AlJ 1tl7 7 /lL l l r; 1H76 
lCCC 6b 1 d I J lJC X'66' lu 71 
l((,i) 0000 1 d 7'.I hXl DC ** lil 7i3 
lCCf ZbLU 1B00 LI< l 32 lu 79 
l c L) l oA?9 l di..'1 "T J* f I . U'.FW 
lC OJ 6FGO lcUL. S'1V= ('QI l 8 1j l 
l c :J5 14F3 lb8.) Jr,~, HXI-3 ludl 
lC. l) 1 ci F 01\ l 0<}4 .SlW= X'A' lGtl :> 
1C09 lC.1)7 l 8 >j '..> I\ At• H l l +-5 ltso4 
lC l) \ AFOA l~~,-}{:, l\IJV= x. A I l UtJ5 
lCLlti 2- c; 0 [. l tl d 7 H 11 i\ L 13 4 l0b~ 

lC tJF 42- l ,, c> e lli<B 1037 
lC f:O 61H l tJ;,9 JM!-' HXI+-4 18d'3 
lC tz t' F 0 I lo 'J<J Sl\V= x. 7. lH 6 1 
1Ct:4 i4E4 18 } l J,\ N HX!-3 l o'JJ 
lC EG fHCJ(, l ;j'j ~ Sf.V= XI 6 f lU'i l 
l c ttJ lU:O ltl•U NAN HXl-3 113')2 
l C. f: I\ AFlO ui·;t, AOV= XI 10 f l u 'i j 
lC f:C & l Ef' 1 tl '} '> JMP HI 1 l J '} 't 

18•Jv * lYPE 2 t-:EX 1695 
lC F c 00 110 l d '7 7 HXO DC '~* 18% 
lC t ll 81FC i 0 () \~ L 0 x HXl) l o9 7 
lCFZ b91A l <l'J9 ::, TX [,;D l;, '1 !-l 
l C F•t "7ll'.J02 1 •) ,) 0 L 'JX= FI 2. l o'19 
lCF 1 2608 1901 Lt\ L 8 1900 
1CF9 b llA l '-; 02 JI-if-' E:'wlJ+-7 1901 
1 Cf- ti t.)Qi)l) l '-i'J 3 OCT Lil ~: ;.._ l9J2 
lCf'll ::; l t' (; l •j () :, LDX Hxn+-r l 'it.Jj 
lC f F ZbUo l Y ~) ~ Litl () l 'i04 
l •JJ l j)f 0 l l '1')(, i\i'J v = XI 7 I l '105 
1:)1)3 i\FHO l c; n ·r t\ lJ v = (.IQ I 19th 
1J05 (, ,\ '> rl l'J08 K1J* TO. l 'J07 
lUO l 220J l '1 () ) lll 3 1 '1 () d 
lJJ9 45 l 'J 10 ocx 1 ·J09 
l ;)JA l OF:> l 911 NXN *-9 i910 
lJJC tdtO l 'J l 2 JMP* OCT 1911 



• MICl:O lb 13 CROSS ASSf:Mdl ER SUURCE LISTING 

lllC ObJtCT ER ~Ti'H LABt:l UP OPERANDS 04/lU/75 PAGE 0038 

• l'dJ * TYPE 4 HEX l'll2 
r - . 

lDJE 0000 l 91 '-t EWD oc *~! l 'I l J 

• 1010 870004 19 i ') LUX= 4 1914 
l t) 13 2610 1916 lKl lo 19 l ') 
1015 EFOO l l11 I LOV-= x•o• 1916 

• l i) l 7 2A04 l'ilC ALL 4 l '11 7 
101 'J dFOA 1919 SdV= X'A' l 'J l 8 
10 i. ii 1402 1920 JAN *+4 1 'i l 'I 
1 I) It) AfJ7 1<J2 l ADY= X 1 7 I 1 'Jl.O 
1 LJlF AFt.lA 1'122 ALiV= X'8A 1 1921 
1tJZ1 6A58 1923 IHJ* !O. 1922 

I ! l 02 3 45 l 92 1t DCX 1923 
1U24 lilEF l 92 i;, NXl EWD+7 1924 
ltl26 63E6 l9L6 JMP* t:WD 1'12'.;; 

1927 * l'J26 
1D2d 6All2 1928 EE2 P!J~ CR Lr l 'J2 7 
lU2A bb 

---~--· --·-·--
l92'i IJC X1 66' i J.'JZU 

I lU2b 0000 1930 EERR UC :c~* l <;29 
.l D2Ll 08 19J1 l'Ul l <jjl) 

liJ2l FOJ5 l9J2 ::, l A EftNUM r •1 J l 
1 iJ JO E::Hf 1933 lUV= ti •-1 • l <) :;2 

lOJt.'. F031 l9Jlt STA U·G l'd] 

i lOJ4 02 19 3 '.;; ts I; l <J ;,4 

t\ 1035 2d0 l . 1936 ALA l l<Jj5 
l0J7 l4Fl 1937 JAN f:ERR-1 19 36 
lLJ39 6A82 l 'dll !HJ* CRLF l '} j / 

lO:>o 61\AA 19J9 RT J* TT:.: X l 'J 3a 
1030 C5ll2D2CF 1940 oc C'ERROR l'>J9 
1Ll41 02AUAO 

I. 104'+ uo 1941 DC H'O' 1940 
l {)lt5 t035 1942 LOA Ek.NUM 1941 
l lJ '-t l 6982 19 1+3 RTJ (J(.f 1942 
l 1)49 EOJ5 1944 LOt, E :tNUM l 9 1d 

1 () '•l'· r,1000:. 1'?45 Srlf, = F'5' 1944 
l 0 'tE: 1408 l 9 1~6 JAN HZ l c, 4 '..> 

1D50 t035 1947 LOA ERNUM I C,46 
l (J? 2 B/0087 b48 :>BA= x•oos1• 1447 
lu55 lCOl 1449 l\;AN EEZ l'i'•ii 
lD~> T &AAA 1950 PTJ* TTfX 194<:J 
1 u '.> <; AOCFCEAO 19'.>1 DC c• ON I l 'i 'JO 
ll)'..>i) 00 1952 DC H'O' L 'J 51 
1 iJ SE &ACA l <) 53 IHJ* TPO 19'.>2 
11)6\) 6lC6 1 CJ '.>4 Jr·:P EE2 19~3 

l Jo2 0000 195'.;; ETP OC ** 19'..>4 
106.'.t ton 1950 LOA UN IT 1 'h'j 
lll&6 <:Oll2 l <) 5 7 LLA 2 19 ;.,(, 
ltlf,;j 08 l 9 5iJ ROl 19 ':.> l 
lLJ69 AFt30 1959 AUV-= c•0• l 'JSFl 
llJol:) F907 1%0 SlV EE3 19 ;..<; 
lLlotJ 6AAA 19t.l 1HJ* THX 1 '160 
ltJoF D5CEC904 1962 oc C'UNIT ' 19 01 
lu 13 AO 
10 (4 0000 l9o3 HJ LJC 0 l 'J62 



, Mll.!<lJ l 0 l _j l.KU:> :> A:>:>U'11.ILl:K :> UUl<.l, t:. Ll'.:>lli<G 

LCC OtiJi:CT ER STMT LABEL OP GPEl{ANO~ 04/10/75 PAGE 0039 

lLl 7o t: 0 l :3 l ·Jo'• LLJ A T [) :> K l 'i63 
l L) 7::i l 90J l 'i (, 5 NA/ EE4-2 l':i 04 
l U I A r_J2F 11; ()(.) lliA DJ\ V ,\L l 'J &S 
lLJ IC l 90ii 1967 NAZ EE4 196& 
11) fl 6A,\A l 96 tl RTJ# TTEX 19&7 
lOHO AlJCoC908 1969 oc C1 -FlXEu 1 19&8 
10 84 C5C4 
lJSV 00 1970 UC H 1 0 1 1':16 9 
l U8 7 6309 l 'I Tl JMP* E f P 1970 
10 J'J 6AA 1, 1972 EE4 j(TJ* THX J.911 
10'3i3 AD:J2.C'.>CO 1973 uC C'-REMOVABLE' 1912 
l03f- Cf'J6ClC2 
1D93 CCC5 
l Li 9 ') 00 19/4 DC H'O' 19 73 
!C9u 63CA l 'i /5 JMP* UP 19 74 

l ,, 76 * 1975 
1Cl'1 u 66 19 77 DC X'66 1 1976 
1LJ99 0000 l 'l !8 EHP [)(.. ** 1971 
lLhll 08 19 7 ') RO! 1978 
in,;c EOJl l 9HO L lJ ;\ E F c; 1979 
lJ9t 1123 l9Jl Ji\ l EHl 198() 
1t)I\0 lf-00 l •J d 2. LlJV= H'0 1 .Hdl 
l JJA 2. t'OJ l 1'J'J3 STA EFG bo2 
l0A4 !OB 19d4 1,1M Efl l9d3 
l DA 6 r_OJ 3 198'.> L lJA E f-1 l "64 
l tM d 19EE l 'J b" NAZ EHP-1 l 985 
l l> t'..,A E: f-f'F l '18 7 LDV= ll 1-1 1 l9b6 
l lJ ,\( 1-033 1c;08 STA EFl l 9 8 7 
l•_; Ai: 02. l C,8<J ES II l '1 b8 
l lJA f ZoOZ l 'i90 ALA 2 l 'ii:.9 
l Lltl l l4<Jl l'l '1 l Jl\N EH2 1990 
lU33 () 0 l '-i') 2 HLT 1991 
l ~} ·_) 1t 02 lli<.;j EH2 tSW 1992 
1 L)j '> 2 0 \l.:> l '1 ')4 /\LA 3 b'JJ 
tu.J 7 14:JF l 'Vi~ JAN EHP-1 19':14 
ldl~9 7 ll)t. 1996 l w.~ EHP 199!.> 
l :1t. b 71DC 1r,9 7 l V,'M EHP l '1 ';6 
lllt.\U lF 1-9 1 <,•, ll LUV= H'-7 1 l '79 / 
llFIF F033 1.., ':i 'J s l I\ [:F 1 19'18 
l :JC 1 () 3 0 t> 2.000 J:W* t: tip 19 'J9 
1 oc.; U-F 'J 200 l tHl LDV= fl·- 7 1 2:JOO 
lJC 5 FOH ZUO? s r 1\ Efl 2001 
lDC 7 bl Etl Zt.03 JNP EH2 L002 

200'· * !LLEG/IL TK.AP i'.003 
200~ *810 EN 11, Y 2J04 

l:JC 'i 0000 2 0 il6 I l TrP L;( *"' l.005 
l DC Ll 04 20\H DIN 200& 
!DCC (Jt.jfj 5 ZfiOo kTJ I SV SAVE kEG 2007 
llJCt 02 200'J l: Sri 2()()8 

lDCF 2801 2010 ALA l 2009 
lllG 1 142.3 2J 11 J:\N I Ll L.) l 0 
l j~} J 6AAA 2 () 12. kTJ* TIEX 2011 
lJ,)'.) C9CCCCC5 2013 DC C'ILLEGAL TRAP FROM ADDRES~ I 2012 



D MICIW lo D CRO~S ASSHIBL [R SOUKCE LIS TiNG 

LDC lll\JECT EK S TMT LABH UP OPEkANOS 04/10/15 l'A(,E. 0040 

• llJIJlJ C7ClCCAO 
lUUu ll'. llt.C ll)O 

• llll. l i\OCUUZCF 
llll 5 CDAOC1C4 
l ut. <J l.'tD.::C 503 • ll!E: l) 03AO 
lLlf.F ao .::o l 4 UC HI()' 2013 

lOhl UD7 201~ LDA ILTRP za l 1t 

• lllt 2 6Allo 201(, RTJ* lYPwD 201':> 

l U F 't oAt.i2 2017 f'TJ* LRLf LOl& 
Ill 

... 
LUV: H'-1 1 lDFo l:Fff 2 () l u 20 l 7 

t 1DF8 FOJl 2019 STA EFG 2018 

11)~ A 48 2020 I i\:A 2019 

wrn F035 2tJZ l STA i:RNUM L0LO 

t l OHl u.\<Jo zo..:.: HlJ* HLTLP 20~1 

!OH 3't 2023 NOP L022 

U: uo 34 L024 NUP 20?3 

t 1i:O1 6935 2025 1n .J IRR RESTORE REG .2024 

l[OJ 05 l.026 . E:l N 2025 
l[O't 6JC3 202.l JMI'* IL TRP 2 () z /, 

• 2 () 2 tl *820 ENH:Y di2 l 

U:Oo 04 2029 I 82 u l ~l Li.i2H 

l l.:U l Ou 2CbU . RU 1 201'1 

• l t.: OU 80UC 2031 LOX X'8C' 203() 

lEOI\ EC ZOJ.<'. l UV- 2011 

lE: ~B f93b 2033 STV IRR+ll. 2032 

• 11.:Uil 09 703'• H02 2 l} 3::) 

llOE 46 203'.> A•~X 2031., 

11'.Uf E4 203& LUA- 2035 

l t.: 10 FlB 7 203l STA 1URP 20;& 

1El2 46 LO jfJ Ah X i.OJ1 

1 fl3 l:4 2039 L!.JA- 20.:Hl 
1 Ll4 F-.UB 201,.0 STA Ikk+9 2 () j <J 

l L l u 'to 20'• l MJX 20'•0 

l f: l l E4 £.() '• 2 LOA- 2041 

1El8 F 12 ':> 2043 STA IRR+7 2042 

lUA •t (, 2044 AWX 20'd 

l Eltl Et,. 20'< '.> LiJA- 2CJ 1t4 

1 E lC 1'11 D 204<.. STA If\R+3 2u4:, 

illl ouuc 20l 7 STX x•ac• 204(, 

lUU Oo 2J48 iWl 20'tl 

1 f:2 l bl t.f~ Ll):,9 JMP I lTRP+5 2040 
20'.>0 * SAVE gfG 2 0 '"' 

1E2J 0000 2051 ISV UC \'* 20':,C 

lt2~ 6914 20'.>.? SlX lRR+3 2(J:)1 

1U7 u 700b'7 205J LDX= 7 2U:>2 

l i: 21\ 46 20'.>4 J',WX io:;:.; 
lt2!:1 1802 205~ t\(j v *+4 2U~'• 

ll:ZU OB ;;: o ;, & 1~0'• 2055 

1 t:Zl: 46 LO':> ·1 Al-1X 2Cb6 

lt~I' OG 20':>iJ RG4 ;;:o:i1 

LC Ju r90D 20'.><; STV 1KR+7 20'>b 

11: 32 OB 2060 ll.U l 2U'.>'i 



~1[ CKfi 16 lJ CROSS ASSl:MBLER SfJURCE l1STING 

L;J(, uP.JtCT ER s l '•i 1 l ABl::l u-::- UPlRANLIS 04/10/75 PA Ge 0041 

Ii 3 I '• f i 0 u l T XA 20.:,u 
lL h F90LJ 20t.? SIV lkR+ll (::061 
li.: Jt) t..JE B 20G3 ,J "I px- lSV 2Ch·2 

20(.4 * Rl:cSTC.~:t: REG <:'06:1 
1 r 3!' 0000 206'.> IRR [J(. ** Z CIA 
l t- J L\ .0 10000 2066 LOX= 0 206~ 
1 t. 31) OB 20u7 R04 2v&o 
l!.1L l:f- 00000000 2 \J u>J lllV= x•ocoooooo• 2067 
l i: 1, ~ JO 20 ,, <.) LJC H'O' 2060 
l t • ·+ 0 ; F 2 2v/O JMP* I.rn 2 u (; () 
1 E ·'t0 0000 '(_ i) 7 l PWr LJC "'\,* 2<H'J 
11:: '• ·j 0 4 2 ll 7 2 DI t, <'.0 71 
l [ 1+ '} o 'i ln.i 2073 HTJ ISV 2072 
l L -ti:~ 0;) 2074 HL1 zon 
H'tC 0000 207'.i PwS nc ** 2074 
i E-'t t_ 69[;, 20 u, t<TJ l 1'.k 2075 
l t ':>O 661002 2011 J'v\P/ EJ\EC+2 20 76 

2078 * 20lf 
ll':d DOOJ 2 0 I ·1 E:X 1-iR DC * ,; 207[J 
li:':>:> ()A~ J L J ;) ·~_} g T J'' Iv-CCA 2079 
1 l 'i 7 6A 1+f- 2 () (_~ l Rf J~' L1.nd<. 2060 
1 t ')'! 1:,3f d 2 Jf;: Ji'iP* EXhK <:: 0 G 1 

20<c3 .•. .i:'.Od2 
l I:: 5B UOJO 20L4 EXkO oc *1,.e: ZJiH 
l E <;LJ t>A5;) 20tJ5 RTJ* I l'IL CA 20<;4 
lbf 6 ~.;.u 2006 J\T j•:< LO.-{[) 208~ 
l t c> l tdf t. 2 0 0 1 J ~-,p* EX;-<.D Z'.J8t-.J 

LCLd * 20d7 
lE oJ 0000 20~9 bCAD UC *';' 2.0tlo 
l E 6 ':> t- l 0 f.l 2 0 '1 0 Sf A •H·L:I 20fJ9 
l E :, 7 f: () l 5 20'; l L [;A SEC TOK 2090 
1 t t• 'I f-017 2 0'12 STA St(. l (JP,+2 2OlJ1 
l L (,;\ E019 20\J L [) ,\ bLOCr-.S LO'J2 
lLuL> 1\0 l ':> 2 J ';-'t i\ DA ::.lC TUk 2093 
llt.F- t-0 l ,, 20'1'.) ::, I A SEC T0i{ 20'.i4 
lf: n E 70000 2 (J ,, 0 Lllf,= 0 2095 
l F 7,, n3El1 :C.097 J;~ "* E5C.AD 2096 

2U'-d ~' MUVf 2J'J 7 
20'J'J * CALL k T J~- M. <:.~J·,io 

21GO * UC fK.OM 2 il c; '1 

dOl .,;. DC IU 21JO 
2102 * UC = BYlES 2101 

lf: 7b 08 il03 PUl 2102 
ll 77 (16 210.:. uC. X'66' 2103 
U: 7fJ OOOll 210'.J MlJV !;(, ~q,':: 2104 
l E 7i. J 1 f-C 210~ LUX MUV 2105 
l E 7C 0 ') 210 l Ru2 il06 
11:. l [j [4 210:.: LDt,- 2107 
ltH f-10[ Ll (,9 ;, T ,\ MVl+l tlui:l 
ll'-'O 46 211 () /.H1X 2109 
l i: bl i:4 21 l l L ::n- L 110 
llLi FlOD 2112 ;, T.4 MV2+1 2 l.l. l 
lt34 4b 2113 A\<.JX LllL 



MIC 1<0 1613 CROSS ASSH;fll E:R SCUkCE LISTING 

LGC llHJi:CT ER srnr LABEL l1f-l ClPEl<ANUS 04/ 10175 PAGE 0042 

lE:d5 !:4 2114 LOA- 2113 
1ES6 46 2115 Av.x 2114 
lE 8 7 89i:F 2 11 t> STX MUV 2115 
lE tJ 'J 4C 2117 lAX 2llt.. 

·- < '" -- • _.., 

1E8A 08 d l.cl ROl .2117 
lEBt\ lJE'.I 2119 JXZ MuV-2 2118 

H:8tJ E:EOOtJO 2120 MVl LOV/ ** 2119 
l E ') 0 fEOOOO 2121 MV2 SlV/ ** llLO 

lE93 71f9 2 1 a n11< 1'.Vlt-1 2Ul 
1 [ c; ') fl FA 21L3 l W~I MV2+1 2122 
lt97 45 "'- 124 {;C X 2lL:i 
1[98 6 l F 1 212 ') J~.p MVl-2 2124 

2126 * 21£5 
l E 9 A OGOO 21<'.7 EM12 DC ** 21Ll 
1E9C [Q 11 2125 LOA WC.CA 21L7 

l l 'Ji.: ZBOl 2129 ALA 1 212t: 
lt.AO l-106 2l 3Cl SIA *+8 2li9 
lEA2 oACO 2l_jl Rf J* ,,, . .£:BO 
lt;A 4 2040 .2132 lJC BFl 2131 
llA6 2 3 1t0 213J LiC BF2 <'.132 
l[Ad 0000 2134 DC 0 21 jJ 

lt: A 1 E7DfJ6D zns · LOA= X'Ub6U 1 2Ll4 

H:ALJ f3E2 21J6 ~TA* M V .<'.+ l 2135 
ll:Af b3tS 2131 JMP* EM12 Ll 36 

213tl * 2137 
lUH 0000 2139 H21 DC ** LJ.38 
1EP3 tlO 11 2 lltU L DX WCCA d39 
1ED5 4F 2 11t l 1 XB 2140 
1I:3o 4b 2142 cc e Llitl 
lE E\ 7 49 2. l 't3 If\;['. 2142 
lE: [,9 tl 72340 2144 LOX= BF2 21 1t3 
ltt\d L76DB6 2145 LO/,= X1 &DB6 1 2l't4 
lEBc F4 214 > SlA- 2 l't':i 
!Ehf 44 Ll47 P'oiX 2l't6 
llCO 1t4 2 lf+ti lNX 2l't7 
lECl 49 21'+9 I f\J8 2148 
lE:U lAFA 2150 I.bl *-4 2149 
ltC4 2801 2l5 l ALA 1 2150 
1 i=C o 48 2152 U;A 2151 
ll:C 7 F4 d">) SlA- 21?2 
1EC3 t.dE/ 2154 JMP* El21 .2l 5J 

2155 * ENTER SWITCHES 2154 
lECA OJOO 21?6 ESP DC ** 2155 
ltCC 6Atl~ 215 7 Id J* CKLF 2156 
lH i: 00 2158 HLT 21 :>7 
lECF at'. 21 •,9 !: :.; " 2158 
1 E:vo F041 doll S -, A S'rl 2159 
lE J2 240C 211>1 lkA 12 2160 
l E IJ<t 08 2162 ROl dol 
l EU:> DFOF Ll6J ANV= x IF I 2162 
l:: l) 7 oF OA 2104 ::.l:lV= X'A' 2163 
lb)'J 1402 2165 JA.N * -t-4 <::164 
l E Lld AF07 2101> ADV= X'7' 2165 



MICIW fo 13 CROSS AS5tMl3l ER SOURCE llSTING 

LOC ObJECT ER ST'"' f LABEL OP OPEf:ANDS 04/ 10175 PAGE 0043 

l Ei.)i) AFBA 2167 AlJV= X' BA' 2166 
ltDF 6A5B 216d KfJ* 10. 21(,7 
lHl E04l 2169 LUA SW .d6tl 
l t: E 3 63E5 21 ru J:>lf'* ESP 2169 

2111 * (/0 SUBROUTINES 2170 
2 l72 * UlSK 21 71 
2173 * 2172 
21 f't *READ STATUS 2l 7J 
21 "!5 * 160.46 USEC 2174 

1Et5 OOJ::l 2116 l:Rl UC ** 2175 ---·---·--·---·--· 
1EE7 6928 21 f7 j{f J ERG 21 76 
lEE9 3120 2178 IBA 1,0 2111 
lEEb ..13F 8 2179 JMP* l:1H 2178 -- -·-- .. 

21B0 * SKIP uN NOT DUl\E 2179 
2 lo l * 200 US l:.C 21&0 

1 EE: t) 0000 2182 ESKlJN LJC ** 2181 
·---·-· -----

lEEF o9~4 ll83 KTJ ER r 2182 
lEFi HOA 218'+ STA *+12 21&3 
l Ef ~ 07()001 2185 ANA= x•ooo1• 2184 
lEf & 19J4 21&0 NAZ *+6 2ld5 
lEFtl 71F 3 213 7 IWM E:SKDN 2186 
l EFA 71Fl 2188 IWM ESKDN 2187 
lf:FC t: 7uooo 2189 LUA= 0 21 <Hl 
1 EFr- 63EC 2190 JMP* f:SKDN 2189 

2191 * READ S!:EK STATUS 2190 
2.192 * 166.46 USEC 2191 

lf 0 l 0000 2193 ER!> DC ** 2192 
lfO:; o90C 21 'h kTJ E:KG 21 'J3 
lf-05 j l'~u 2. 19 5 Ibl\ 2,0 Ll94 
1F07 63F8 2196 Jt'.P* ERS 2195 

2 l '17 *READ BLOCK AUlJRESS 2196 
l F 09 JOOO ll<Ji:l ERB LJC ** 2197 
lFOd 6'.;04 21 99 kTJ EKG 21 'J8 
lF•JD 3160 2200 113 f, 3,0 2199 
lf~)F. v3F B 221)1 JMP* !:RB aoo 

22L)2 * READ Rt:GlSTER 2201 
2203 * 137.2 U!)EC 2202 

lF ll 0000 2204 ERG DC ** no3 
lfD E 3FC 2ZO'.i LOA* ERG 2204 
l Fl':> AOZD 2206 AuA AUDRE S 2205 
lF 17 Fl05 2207 STA *T-7 2206 
1Fl9 DJFflF 2208 ANA" X'FFlf' 2201 
lflC Fl O't 221)9 Sf A *+'.> 220tl 
l f-1 E OOIJCJ 2210 uC 0 2209 
l F 2 J 2 J ')ii 221 l AUi B 2210 
1F2L i.lOOO .Ul2 LJC 0 2211 
1F24 ll!:b 221.! lWM EK.G 2212 
1F26 71E9 2214 TWM ERG 2213 
1F2b 63£7 2215 JMP* ERG <:'.214 

2216 * LOAD CONTROL REGISTER ,215 
lF 2A 0000 2217 EL CON oc ** 2216 
lt L<..:. 6'1Jt 2218 KTJ E!U 2217 
lFL.E 3920 2219 OBA 1,0 2218 



M!Ci<fl 1613 Cl{OSS ASSEMHLER SlJUll.C E LIS TING 

LUC Ui3J l:CT ER STMT LABEL OP UPf:J{ANDS 04/10/75 PAGE 0044 

lF 30 6 3F il ll.LG JMP* EL CCJN 2219 
22Ll * CU:AR STATUS 222 [) 

lf-32 0000 2272 ELST LJC ** 2:22 l 
lf h 69.\f l.'.23 RTJ EIH 2222 
lF J1, D7J07E llL4 ANk= x '0071::' .2223 
1F3<.J 6'JEF 2225 RTJ ELCCJN 2224 
l f-3i1 6JF5 l.UJ> JMP* HST 2225 ,.. nn C<LOAD SH:K ADDt\ESS 2226 
lf JG 0000 2223 EOLS oc t' * 222 7 
l f :If 6GH 2?29 RTJ scv 2228 
lf41 A021 2230 A[)A UNIT U.29 
lF·+3 &9JC 22Jl KT J HG 2230 
lF'+5 3940 2232 OBA 2,0 .2231 
l F 't 7 63F4 ZlJJ J,'1P* EUL S 2<:'.32 

2 2 31t * LOAD WDP.D COUNT/CURRENT ADDRESS 2233 
lf 1t9 OOJO 22 35 EI v.C oc ** 22.l4 
ll-4t> E7,J0ll 22Jo LOA= wCCA 2235 
lf'' 4E 693l 2237 RTJ ELG .2236 
l F 50 39b0 22 JU OllA ],0 22H 
lh2 o3F '..> 2239 JMP* EIWC 2.2 38 

22.'tiJ * LOAD 01\k & READ 2239 
l F 5-t 0000 22 1t1 ELR lJC ** 2240 
l f- 56 l::'.021' 2242 LIJ A lJA VAL 2241 
lF5d A015 22'.tJ AUA SEC TOR 2242 
lF 5A 6925 224'• RTJ ELG .<:243 
lf- ')C 3980 2Z 1t5 Ob A 4,0 "2 '•4 
lF ')f: 63F 1t 22<'t6 JM P* FLR 2245 

224/ * LOAD dM~ &. •1 R IT E LZ46 

H t>U QOOO Z2'tw ELW UC ** 2247 
lfo2 tJ2F 2Z't9 LUA iJA v Al 22 1t8 
l F <> 1t AOl.5 2250 l\Ut. Sf:C TOK 2249 
lft1[) 6-H9 2 2 ') l RTJ ELG 22:>0 
l f-t.d J')AO LZ')Z UbA . ,, '0 22 51 
1 F VA 63F <t LL')J JMP* ELI-I. 2.252 

2Z'::i·'+ * UlSK JOT - INT:.:RiWPT &. CLEAR 22'.)3 
lH>C Q;)QQ 22:>'.) EIO DC ** 2251t 

1 r o:: F70000 22% STA= 0 2255 
lf fl f:3F9 nc,1 LDi1* l!U 2256 
1 F 15 /lF 7 2...,,-) ,· ~u 11-iM EIO 2277 
lf "/5 7LF 5 22:>9 !wt"'! E JO 2? 58 
lfl7 A02U 2260 1101'. /\GJRcSS 2259 
lF 79 fl OZ ZL.ol STA *+4 2260 
lf- 1 ti ElFZ 2202 LOI\ El0+3 2Zol 
1 F IL) 0000 22 ,,; UC 0 2262 
lF 7f 63EB 22 o'• JM f'~' t 10 2263 

2~&5 * LOAD Rl:vlSTER 2264 
11- tl l 0000 2Zot. HG UC ** 2265 
lf 83 08 2267 ~~() l 2266 
l F f1'1 fl 16 2. 2 ou STA EGl 22 '.;,7 
lf d(; EJZG 2Ln9 LO/, AuDRESS 2268 
lFBU F905 22l'J :, TV ~·+7 2269 
lF oA A3F:> ZL'.11 AOA,._ f:LG 22 70 ___ ._,, __ -· ·-·-·--
lFbC F90.,S 2212 srv *+·1 



.. - - -·4 
MlC~O 1613 CROSS ASSEMt3L ER SOUKCE LIST ING 

LOC OBJECT EK ~TMT LABEL GP OPEKANDS 04/ 10175 PAGE 0045 

lf ~l 3130ulF9D 2273 OBM O,O,EGl+l LOAD GBR 22 72 
lF ·)2 3 ~00 l F9C 22- f 4 ceM o,o,l:Gl u.n 
lF9o 71 ES 2215 I W1'1 HG 22.74 
lf')!.l 71E7 22. To !WM ELG 2275 -- -- ---- .. --- . ----·--·--- ------ - ----

~-----·--------

lf9A o3E5 2271 JMP* ELG 2276 
lf 9C 0000 2278 cGl IJC 0 22 77 

2279 * 2218 
2280 * TTY 2279 
LlBl * 221!0 

U''ll 0000 U82 TIN UC ** 2201 
lf-AO 3000 228J lBS o,o UR RTJ PIN 22.&2 
lf A2 07007F 2284 ANA= X1 007f' 2283 
1FA5 A70060 2285 ADA= x•ooao• 22B4 
lFAB Fl03 22d6 STA *t-5 ECtiO 2285 
lF /\A oA5fl 2287 RTJ* T 0 • L286 
lFAC t: 70000 22G!J LOA= 0 n. ;jf --·· ----- ··---·--·- -
lFAf oJt:U 228'1 JMP* fl N 22 tHI 
tFBl 001)0 2290 PIN UC ** 221j9 
lhH 3120 2291 rnA l '0 2290 
1~:35 Of- OZ <'292 ANV= X'2' 2291 
l Fd 7 llFA LZ'J3 JAZ *-4 22 'J2 
1H3'.J 3100 2294 IllA I)' 0 --·- }. 

2293 
1 f ll ll oJf-4 2295 JMP* PIN 229"t 
lFBIJ 0000 /:29u TOT UC ** 2295 
lhJF JBOO 2297 (,f3 s o,o 2296 
lFU &3FA <'24d J ·'11'" TUT 2297 
lFCJ 0000 22.'19 POT DC ** 22.93 
1FC5 l-107 2.j ()l) STA *t-9 2299 
lFC 7 31.'.0 2J01 !aA l '0 2;00 
lFC9 Ot-04 2J02 ANV= XI 4 I .dQl 
lFC:3 llFA 230:> JAZ *-4 2302 
lFC :J E 70000 230'+ LD/\= 0 2303 
lfOJ 3900 2.HJ5 fr\;, o,o 2304 
l.f-OL oJEf 2JOa J•"1P¥ POf 23D5 
2000 2307 OrtG UlJAT 2306 
2000 34 2308 NOP 23 I) 7 
2001 34 2309 !';OP z;o8 
2'102 34 2310 NOP 2309 

23l l * E Sl'i IF SW l= l, USE PARALLEL TTY LHO 
2312. * ALA :~ 2311 
L313 * NAr-1 l l l ZH2 

2003 E7690F 2.314 LUA= X'690f 1 23l3 
2006 FolFAO 2315 STA/ TINt-2 2.H4 
2009 E: 71 FC3 2316 LD1\= PUT 23l5 
20 ~1C F05b 23 ll s r •\ T f1 • 23l6 

2J lJ *820 INITIALI/.!: 2317 
Z !J') E 2510 2319 L1l [l 16 .2318 
20 l\} E08C 2320 LOA X1 8C' 2319 
2012 903C 2.321 DC X''iOdC' 232.0 
2'.) 14 liuf 2.322 JAZ ll l 8 ll 2321 
2u1& lEOD 2323 f\A ll Ill 810 .d22 
<'.Jld f.: 71 EOO 232'* LOA= 182 820 2323 
2)13 F OCZ 2325 STA IT• 2324 



MlC1W 1613 CROSS ASSEMBLER SOURCE LISTING - "i 

LliC uBJ l:C T EK STMT LABEL Uf> Di'ERANDS 04/10175 PAGE 0046 

20 lll l'Ocl2 2326 s r A x•a2• 2J25 
20lf- FOdo nn STA X1 d6' 2326 
2021 FOdA 232tl STA X1 8A 1 tdl.7 
2J2.i FOaE 2329 STA x•st:• 2328 ·-··---·-·--···--·-·-
2025 EOCC 2330 Ill LUA F. x. 2329 
202 7 f003 2331 STA x •o 3' .ii!.330 

l - 2il29 6000 2332 JM? )(I 0 I 2J31 
2028 0000 23H END 0 2H2 

.. -·· ·- .. -· -· ---· -··-·- ·-··-



, ·~1·:.l.u tl 10 CROSS ASSEMt:ILEi< CKOSS Ref f'RENC E LISTING 

.:. Y -::HJL OLft\j REFE.{ENCES 04/10/75 PAGE 001 • .~ i):<l:C s J040 0330 0 3 'i '> OIJ 12 1519 220h 2260 2269 
dU. J ll6 0174 

• r10.\fST 1201 Olio 1213 ll23 1232 
Jf l 0009 0010 09'l 3 1117 1119 1164 1340 L:l9Z .z 132 
KF2 OdlO 0024 081 1t ons l on l fo 7 ZLD 2144 

• BUJCKS 0027 090i O"i&O 1054 115& LlU 1359 13 72 209::> 
CL :~2 0085 1102 l t I> 5 1352 
CL5.TAT 0052 OolJ 1030 
CRLF 0092 0152 0 7'J?. 0796 1514 1531) 1597 1637 1681 1728 1733 1738 1742 1778 UllO 1847 lo 14 l 92 !l l93!l 

.z 0 l 7 2 l 5 ' 
CT. OlOB Ol2b 
CTS T 0202 0108 0235 
Cl 0222 0228 
C2 0205 02 ll 07-2 0 
C3 0212 0217 OLZ9 
c {t 022.9 023't 
OA IS Y OOJ& 0 l'td 01 fo 1662 
DAT Al 001& 0~03 09 i) 5 0907 0"111 0912 0937 0938 0950 0967 102 7 1045 1047 1048 1050 1052 1072 1074 1075 

1097 114'• l l 4'J 11'.>1 1153 1154 12<J7 1293 Li:99 l.302 U05 1310 1312 1347 
Ll 1\V I\ L () 041 0146 017<> 0131. Jl85 095'3 1488 1842 1966 2242 2249 
llti1\ T 0·)03 0009 0014 0131 l 4'io 230 l 
fl,'1 1 YtO 1333 l.>'.:>ti 1360 136'.> 
Di\2 138 l U22 lJ2S lJZtl 13.:.8 1341 1343 1355 1370 1377 1378 
D1U l34 7 1334 l35 1t l.360 1369 
D!\4 1357 1363 
DKj U3d 13 79 
01<.6 13&2 1356 1361 
OR,. un 1203 UH 1247 1257 1270 1294 1307 1315 1330 1380 
tC ·~ U90 0098 l 7 ':11 ltHl l di'> 181 ti 
ECF 111 7 0092 172 l) 
EC I ltlU 0091 181 <~ 
EJ/l. I 1156 0079 1153 175'J 1 7o2. I. 761.; 1773 1776 1779 
tO!S 172 7 0086 l l 3 '} 
tE~A l 7 fo 0087 1 7'tJ 
HRK 1930 00 77 l 'i j l 
ftZ 1928 194& 1949 1954 
EE3 1%3 1960 
El 1t 1 '.J l 2. 1965 l 'ic> 7 
Ef G J042 14tl9 19 3•t 1980 1983 L019 
EF l 0043 1491 19J4 ic;a5 1988 l'.J99 2002 
EGl 227tl 226tl 2273 2274 .. l:HP 1913 0078 198& 1995 1':i96 1997 2000 
EHl 2001 1981 
EHL l 'i'I j 1'191 2 r)) 1 
E:l;) 2255 OOoZ 221,_; 2257 225tl 2259 2262 2264 
EI t1C 2235 00&0 22j'J 
ELC.ON 1.217 0050 22 20 2225 
ELG 2206 2231 Zi..H 2244 2251 2271 22.7'.> 2276 2217 
ELR 2241 0057 zz4,~ 

EL'.:.T 2222 0052 2220 
ELW .iU4tl 0058 22 5 :, 
EL2l 2U9 0085 215't 
EM12 212 7 0084 213 l 
EDLS 2 22tl 0059 2233 
EuSl 0021 
E'.;Q i 1n 0093 112.o 



·-·-1 

' MICKO tl 10 CROSS A~SEMdU:R CROSS Rfff:ltENCE LI STlNG 

SY 'LlOL UEFN REFERENCES 04/10/75 PAGE 002 

['(;) 2198 0055 2211 
ERG 2204 2177 2 l 9't 2199 2.20? 22U 2214 2215 
EK 'JUM 0044 1932 1942 1944 1947 ZOll 
ERS 2193 0061 21'1& 
[RT 21 /o 0054 21 /9 2183 2223 
ES. 0103 1546 1&01 161£ 1659 
ESCAU 2089 0081 2097 
l:SKUN 2182 0053 2ltH 2188 21'10 
E:SP 2150 0103 21 lU 
ETR 11333 0097 l 8 j () 1843 
tr Jl) 1181 0080 l / ;j 7 
ET EX ll09 OObd 1710 1713 171& 1723 
t TI'.:> Ul26 0096 1330 
t:T·~Al 1741 1556 l l3 / l 74 7 
Ur 19 5, 0104 1971 1975 
tr 511 l ti20 0095 1824 
EW1J l 9 l1t 0094 lb99 1902 1925 192& 
EX. () 106 2330 
f xc:c 0007 OlOo 0125 0199 2071 
Ex'~ d 2084 OOtL3 2081 
Ex rd{ 2079 0082 20!12 
EU 0150 0141 0 l 't l 
E>. 3 0190 0134 0 l 8'J 
EX4 0 199 0193 
EX') i) 18 J 0 l 77 01ao 
EL l. ') 136 0132 0 l tl2 0186 01H7 Ol8d 0191 
F. 0 l l fl 0721 07 J 1t 0 755 0786 
Fr, Y J 1)/t (; 0729 l5J6 1552 
Fk. 0112 0163 
FKSvl 1/48 1732 1740 l 7 52 
FTsr 0720 0112 0190 
FULL 0034 1655 l 70't 
f i l 09.H 0869 Ocl8'1 0891 08'17 0914 0925 0926 0927 0928 
f-ll 0 'J l 9 0·120 O'li'! 
Fl'.> Od66 011 ti 0 .:l<l't Oo85 0806 08d l Oti90 0893 0894 0906 0908 0909 0930 
f-j ll792 0731 
Flt 0764 0 76 l 
F':i Od07 0746 076'1 07 71 0811 0831 0843 
FC,.\ 0 /4 7 Ol38 
F'.ll OH21 OJl'l OHL'.> OSB 0 8::l4 
F'.>2 Ou50 08J2 
F':d vtH7 0859 
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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 lit. 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 

All 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 0 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 11 down 11 position, the disk may be 

operated normally with no write protection in effect. When they are switched 

to the 11 up 11 position, any writing on those tracks corresponding to switches 

in the 11 up 11 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 and brings it 

up to its normal operating speed in about 60 seconds. When the 
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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 light 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 light 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 low 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. 
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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 power indicator light 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 11 up 11 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 life 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 lift the cartridge handle, this lifts 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 light 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 lift the cartridge handle to remove 

the cartridge from the spindle. 

- Place the dust cover over the cartridge and lower 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 standard 

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. 

All 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 loose fill 

packing material is put in around the cables to prevent them from bouncing 

around during shipment. This box is packed inside a larger 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, lifting 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. 

2. 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 location in the 

card cage (viewed from the card opening side) when the controller 

is interfaced to a Microdata computer. Card slots Xl through 

X4 are the disk ports corresponding to port numbers 0 through 

3, respectively. An interface cable assembly 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 1' position. 

3. 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. 

4. 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; 

lifting up slightly as you slide it forward will make 

removal easier. 

5. Insert the CPU Interface. The Microdata interface to the 

3040 Controller consists of two 511 x 7" printed circuit board 

assemblies, attached by a flat ribbon cable to an 8 1/2 11 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 will 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. 

6. 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 operating 

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 ~s 

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. 

7. 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 plugged 

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. 

8. 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 latched, follow the same procedure to 

gently lower 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 

11 down 11 position. 

Replace the top of the enclosure, inserting the rear end first 

and then lowering the front end. Make sure that the a1r 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 

interior 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 ceyme 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 11 

and 5/8 11 increments. Attach the mounting ears on the rack slides using the 

upper pair of a set of the three holes spaced 5/8 11 apart. Wh'en 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 11 apart. Attaching the rack 

A-12 



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. 

- Fill 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. 

- Fill 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 least 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 fill 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. Connect a power cable from a Model 

4090 Power Supply 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 of 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 

the first (installed) supply with the top of the supply 

facing the front of the drawer, and the AC cord end 

resting above the vacant mounting space. 

2. Coil the AC cord loosely in the bottom of the drawer and 

plug it into the remaining AC receptacle in the rear 

support bracket. 

3. Lift the supply and lower it, AC cord end first, o~to the 

front support bracket, guiding the cord through the slots 

in the front support bracket as the supply is moved 

forward. 
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4. Continue sliding the supply forward until it butts against 

the forward retaining bracket, then lower the fan end of 

the supply onto the rear support bracket. 

5. Install the four hex-head screws provided, securing the 

supply to the front and rear retaining brackets. 
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I. IC 

The 
row 
Ull 
the 

MATRIX 

integrated 
and column 
(column 1, 
board when 

SI IC MATRIX AND DATE CODES 

circuits on SI printed circuit'boards are identified by a 
number as shown in the diagram below. The IC identified as 
row 1) -is the DIP package in the upper left hand corner of 
it is held component-side-up with the edge connectors on the 

left side. 

Fo~:rmn Co~umn Co~umn Co~umn 5 6 Logo Area 

I I ~ 
:~ :~:f§J:EJ1C§J1~:~ Rawl 
;.">_ t" - •• -1- - - - - - "t - - ...J - - "1 - -

1 I I 
i : §] I [§] I [§] I [§ii : @ill : @§] Row 2 

"Li - - - I_ - .. -1- - - .!. - - i - - '"f - - - -
t I I 

t 1 ~1@EJ 1 {§D1[§2] 1 §J 1 ~ Row3 

- .• .t. ;- - - _1_ - - _1_ - - L - - ! _ - -'- - - - -
1 I I I i i 
~~1~ 1 1§3J;[§IJ1E.J•Ef Row4 

-::-:, ~ I I I I 
., ... -~, - - ...... -· -· -- -1-· -· - - - - - - - -· - -· - - - I l I I 

l 1~1~l~1[.§J•(ussl'~ Rows 
I i I l I I 

I 

Edge Connectors 
Component side up 

at left 

The number of columns gr, rows may exceed 9 without ambiguity; e.g. U310 is the 
package at column 3, row 10. Ul03 is the package at column 10, row 3, while 
Ul3 is the package at column 1, row 3. On no board does both the number of 
columns ~n.Q the number rows exceed 10. 

II. DATE CODES 

'I'he PC assemlby date code is in the following format. 

x xxx 
f ~ 

Alphabetic 3-Digit 
Character Numerical Code 



The alpha character is simply the revision level of the artwork used to produce 
the etched patterns on the PC board. It is not an indication of the elec­
trical level of the finished board, because the original etched pattern 
may have been changed by rework to incorporate Engineering Change Orders. 

The number describing the electrical configuration is a three digit code 
representing the approximate date of the last electrical (logical) change 
made to the board. A date code of E610 is interpreted to mean a board which 
last changed in the 10th week of 1976. The board is said to be at electrical 
level 610; the logic-arawing referencing this date code is the appropriate 
drawing to use to obtain a description of that particular electrical revision. 
A board bearing the date code A610 is at the same electrical level and is 
interchangeable with the E610 board, although the two may look different 
because two different etch patterns are involved. 
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•2. 

i~vR 
11.'K ·-· 

Wt 

GNP P.ETUBN 112.I 

I : ~1! 
.I------ AZ.8 

AZ.9 

-- - -- - ____ .;___.LJJJ. __ _ 

3 C.YC. ADD 8 

I ~ LUD' 

y ... ' 
q 

1'11 

~30 

A31 

'B5 

A3 

B!> 

.,, > 
'" oJ' '° ~ :J: -c c 

'~ ! ~ 
o'I •lif ! 

L-0~~ 
+-':> 1.51'\ 

Al,BI I T r ~ +v 
C..I Ct 1MRU C.11 ..&.. .• 

8 ~12 
(JI ;1~· 
- 0 < G' • iii 

6 z 
Cl> r-loB r·o• T .01 

A2., e,a, GNO _ 

JliOTE: 
- I. ALL TRANSISIOP.S AP.E 2.N~lP441t . 

2. THIS LOl"JIC REPR.ESE'!TS f\SSE'.\BLY 3015-6012 AT DATE CODE ~-;~. I. . 
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Al~ / A1111 ., 011;-i oef,";?;"\ 4 ·~ I NC CAR 
Al7 ... -,,_,._ 

RL.,..s;v 
SET LA I ER AIO 

10 ID I Sl\_rn80fL AJ4 

+SV 

B08 LU\.J tl!Jll !NI 

I ' ... 
84 /SET DI SK ER - B! 

SEtJSE 

LSEI QIS~ SE~ EB A~ 1!5 - I - I 

.411 LMC+OP COMP 

RS 
-+-SY 

'SET WRITE CHK ER 

I A'5 

A9 FI LE NOT REAQY 11 I _':::' ---f-1---' ~ 

A3 
/SET SEEK I NC ER BS 

IZ AC R Cl..Qt:K __ Alq 

I AS SEEK 'NCO ... LETE 11 I ~ ,101 
R5 

A2Z LB OR w SEO INITI I I l 

I 
WCCA 2 83 

.4.18 /IJ-rtHIJ I\! tS I 1 lll Kj , • LJ'c;=:::---"flf-:.:::;~========= 

'I 

Bii £1WCCA SEQ llJe5d I 

LOAD WC-8 ~ I 

SET BOTH :i;, ~ 814 . -
' 

101 /LOAD CAR e15 I 

A213/t:lU~-.. BIR I I• I I I 1::1d 

LOAD BAR 59. 

)e.l\JIJ\W\.\.f-\ IJlllHI A7 

810 1tJITDATASEO 111 I 1 

BIZ/Vt\ll!J!W :1 Ld 

A,12 I ltil I [\C.t\U • 

B28 I BIR~ BUS 

'J. I ' I I 5 I i 11(/EN BIR ) MC) NU A30 

[I 1:,1) !.>I I\ {., ..-0 1.e I NU 829 

• ~ 11 i fGATE - BIR 1 B•O 

831 /DSS " BIR j j, I a~ I I \.Jt\ I C. 7 R I [\ 4 825 

)- II 'l'Bl'1 

827 I BIR ~ DSR 
L----.--- 813 

B I R 2 I NT P BZ'1-

A?.9 5.083 MHZ 
I l~~~~~---1r~1-E B2Z • 

A3 I I t M I :i t I Wt N I I I l 0) NU 821 

B7 

A24 / " ~" .. ~ - "- I N IT I I , 

"' /DATA DSR CLQCK 11 I j t I I Ill ~ ~ 2:: A27 

Al! lit' I ti I N4 W4t\ I 

l!A21 /Ft1I SET WEN 
! ' ' 

I A..20 I EMT I NC WCR 11 d---
1 I I I 

b ! 1\ 0 
! ' • v-1 l io \~ "'7' I 
-:i - 5,., ! 

l I (' 7J 
II' It ~ .. 

bl g g cf ~11 ""IP I"'' ,. . ,.. ' 
Ill I ~ 

\JI 

+5V 
Al, 61 

>.2., 62 

c1 .:.L. cz -Le' ...LC4 .-Les ...Le~· GI-JD t·~J.01 J.01.J.01 J.01.J.01 

I • MH llA I A· I I Ill K B\9 

2 
3 

MH WC+DBl7 

~-ti ~ 
'"t:'.l 
~~~ 

"' -0"" c; (">~ ~ 
Oo 
r- I\ 1~ 

p'° ·/INC WCR Al5 

RI -. 

-+V 

NOTES: 
. l. 

"' l.J iii lg • 6 
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THIS LOGIC REPRESENTS ASSEMBL~ 
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/ ----y 
/ 

-. .._.__~ -~ 

~~~~--~--i 
-~ 

lnIT /AC JI; MSB 

+So c11 czl C31 C~r c[ .. 
. 61 .Oil .ay "I ""'I. 

GND o RI RZ 
•l~!»'V 

' 2.10 I l'lO AIO 

•I 5V • - tl) «.. I . 
lc::w;:J /AC J/1. . ~·. T _/AC 14 .A8,. 

IDB: 
/AC 13 

.. 

lazl 
/AC 12 

·~ 
/A.C 11 

lc:m:J/AC 10 -

IC'AITT /AC 09. 

ll7i5i 
/AC 08 LSB 

I /LOAD GBR ~ ll4 
I ~~ 

4 

•I~ 
zzo 

..,,., 
"""'"" ts v 
\')0 

•I Rl RS 
~·sv 

u -,L...... ...... 
' 1 2io 

Rll 
•I~ 

HO 

Ill'!> 
•I~ 

220 

Ill';) 
•lr--vv 

zzo 

1"!10 

P.10 
-'l/Vtr-+ 5 v 

11)0 

RIZ 
VY'v-+SV 
l":>D 

lll4. 
"\N\r+SV 
l'lO 

Rlw 
"""""-+SV 
l".10 

R:':)~ 
~+~v 

~ ·~ 
11 ti ln 

11 SIH~ 

i-:---.::..1741~ '-

I l~_!_p.1~ \--I 

R45 
g+~V 

l.lK 

l41. 
~·sv 
l 1.ZK_ 

/AC . 11 12.i; 

/AC 07 &IS 

r-r;;;r"\/EtlTER C & E REG 

Rn RI& .. !»v 

''~- --, 
. . . . RU> 

I I ~17475" 

r-"' 

1741~.k' 

111 II I i!I~ 
~741~ 

10 

141 ,.... ............... sv 
11.ZK /AC 05 All .. 

~PSEEK 

l~/IWCCA SEO 

1ar:::/COMP IR 

luu1 /COMP I ~J 

l~LOAD SAR 

ICriiT-/INIT DATA___S_EQ 

1~/READ C & E REG U 

lmD/f\El\D C & E f\EG L 

•lrfil+'5V zw l')D 

Rll RU. +-SV 
•I~~ 
'l'lO~ 

tz.~ Rl.4 
•l~·~v 
~ 
lZ':> RZlo 
·~~v 

:wl5D 
Rn ltz.& 
,,~ .. sv 

l.'iC j !".>0 -
llH R'!>O 

•1~~'5V 
. . zzo I 1o;,o 

'1)1 "~z 
•l~•SV 

. 220 I l'!>O 

K)!> R~4 
•l~·.SV 

. 2.20 I l"'.>O 

I'S:> R~t. 
•l~+-'5V 

t. 

7 

l.!.....-2.J 213 )::> 4 
74~ 

~214 
741<0 

lo 

"' 

MB 
f1;r+SV w: 

H9 
~tJ;V 
l 1.ZK 

P.i:.o 
+'I>'I 

//\C 011 fll9 

/AC 02 
l'!il AZ'l 

+r:.~ 

Bl 
·~" 

/AC 01 AZ.I 

g rrz.;__._...__;;_ __ 

1 

/[NTER C l E REG 
I /INIT OVERLAP SEEK fl09 

I ADI. 
I 

.__----------------------1 L.Lli{CC/\ SEQ 1110 
. /COMP IR g11 

l I /COMP IW 1\04 

/LOAD SAR _AO':> 

INIT DATA SEQ A~ 

/RE/\D C f, E REG U P.Olo 

/READ C & E REG L g~ 

tREAD SEEK STATUS REG Uw1 

l~/READ SEEK STATUS REG~ ......_-------------,-------+-----. 
, t!>1 "~' I •l~+S~~-:----------------------.+---...., 

~/READ SEEK STATUS REG~ 

. 

~ 

B9 "40 

,1~1~+5¥ 
/READ SEEK STATUS REG L 1105 HI R4Z 

.......... vv. ....... ....JV~ .. t:.v 

"-'-"-'--"------------------------------ I /::1,EAD BAR u ~~ 
R% .. ~ /READ BAR L &O~ 

!1~READ 
• 
~ 

~ cm CHC 11 I~ 4 . /CMC AZl 

i 
t')V 

i'!i'l READ C & &l 4 
c ~·SV E REG U 

g~i /SET DOME I ~ 2 ~ I~ ~IZ /OP COMP rTTr-'\ 
~ ~ ~ 

I 1-

~11~ f 
id~ ~ ~ mr f 1! 

llZID /IB 07 9~8 MSB IB 07 OAC07 fnr-\ 
~ ~ 

/IB 06 ~ ~4 IB 06 OAC06 QiC) w ~ 
/IB Qlj I ~t 18 05 OAC05 Cill:) 

AZfJ '1!1JY 
/18 04 5 ~i. IB 04 OACQli DID 

A~ ~ 

627 /IB 03 11 ~10 18 03 OAC03 CE:0 

·•ip ~ ~ J r,r' /IB 02 _9~6 IB 02 OAC02 030 
~ • g J . . '1l1Jj1( . 

l 2: ~~" r /IB ~1 • ~12 . IB 01 OACOl C!2D 
!'I I i'I Ill - ~ - § ; i ! . . . s ll!I • tt.~:__ ________ _JLS.JlLULQ:o..JIB.C.ilil.-cm:J 
i:; ' ~ : BO . 74 >= 

00 -~ 

~ ... 
012 

~l:zi ? m 
0 < • iii 

i5 z 
UI 

~ + oJ' f NOTES: I. THIS LOGIC REPRESENTS ASSEMBL 20-6002 AT· DATE CODE 207 
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/ .7 

... 

~ r@ ~ fi ~ ~-
t6R "' - - · ~"iiID .:;<; -~ -;;;; ~ cAa 111@ l'>I fl 1.., ~'!>'l 

74~ . 
~19 CAB 13 ~~4 CAR 13(§) 

7~1 
!'>II. CAB 12 1~2. CAB 12@ 

~ 7417'. 
A-1-~ • CAR 11 19 ~ti . CAR 11 @ 

.so~ CAR 10 '~'· . . CAR lO@~r 
J.\lo CAR 09 ! ~~ CAR 09@ 
- __, 7417: 
AZO CAR 08 ') ~t.. . CAR 08@ 

- 741'7'. 
Aia CAR oz , ~'2. . , CAR oz® 

7417 .. 
Az.D CAR 06 I ~t CAR 06@ 

. 741Z . 
Ae5 . CAB 05 £ ~"' ·- CAR ~ · I 

- 7417'. ~ . 
!I~ CAR 04 q ~s - - CAR 04@ I 

7417. . l 
AZ• CAR. 03 · .! ~4 .- CAR 03@ 

, - = 7417 . 
.,14 CAR.02 11 ~ro CAR 02@ . 
. / 741 - ~ 
fll~ CAR 01 1~~12. , CAR 01@ 

7417 - . -
AZI CAR 00 . 13~12. LSB CAR 00@ , 

--- " 7417'. /DATA REQ SYNC I i 

AO~ DATA ~EO SYNC. -~ . ... ... ,. ...... I~" ~ I 
. .-~ __ _...,...., 

/INC CAR 

Wfo LMDB 

l!iOl L!:1Q 
~I~,. /MOB 6 

&II .L.tl!L2' 
-. 'M w~ '.DB 5 

A09 

ADS 

Al5 

Al4 

A01 /MOB 2 

AUCo. /MD 2 

All fl1QQ_ 1 

F\10 
/MD 1 

f.04 /HOB O 

BO~ 

... " 

1 • • 

M 

: 

/t1D o 

; 1-
~-:1 i 

AZS 
AZ~ 

"'' 
Rt. 

·1~+5· zzo 11~ 

2,ZQ I~ 

/GATE TO 
7GJ\TEIO " 

~Z/o 
+sv ~ 

2'2"7 
+S\/~ 

-+SY~ 
-4~.Jl. 

+sv~ 

2'?.0 
+sv -JVVV 

-4'!>0.J\. 

~ 
+SY~ 

1?~2. +sv -'V>IV 
- 4'30./I. 

+sv~ 

~ 

R:;4 

13 

I'!! 

If 

'3 

'2 

ID 

14 

~ 

12. ill 
R'!> Ri-

•lj--vv 
~'c - 1.ZI<. 

/ADD ·~ 18:~· 
+5~ .A,/'\A t MSB /MDB,i..@ 

R.1 l! 
·1~5¥ 
~ /MOB 6 

R' RIO 
•l~+SV !l9Q ~~ MDEl .. 

1111 IUt 
·l~<W-+5¥ 
~ ~~ 

Ill~ Rl4 
•1~•5V 

'~ ~?>() ~ 
Ill'!> Nw 

•1~51 
~'->O /MOB 2 --

ITT ~\,_ 

•lf--V\-tr"""'""+s~ 
?i90 '!1~0 /MOB 

11" RZ.O 
·1~•5\1 

?>90 ?>;o LSB /MDB 0 ----
I 

IS' 
r, /BUS - BIR gz' 

/EN BIR lU - EUS 6ZI 

GATE • B:R iU BZ~ 

fll1 

/GATE ._ B 1.!Ll.1._ m 

/EN BIR 2l! ... BUS 6z, 

/GATE _..BIR 2U 61, 

/EN BIR. 2L ~ BUS b;O 

GATE ..... BIR 2L D?D 

A21 

'D {.. I J)!:.u OLI) 8Z4 

»Ii f1IL 1 
~ ~ 

~11 r J 
CAR 15 +sv--m--i q ~8 t.\';," CAR IS~ 

B'Z.I ~ 17417) - - -~ 
~ 
-;;. 
~ 

CPI: I ; 

e;,I "' ~ ,., D • 
f\) r\J ~ 

C> 
I 

rl.,.. oo 
nO ...... 

I 

+ 

• 'jW • 

Alfll 0 c1I .c.z.l l':>r·c.41 c:':Jl u.l 
. . .~"r ·°'I ·DII· .01I .oif .01J 

A2 Al2 Ali A22,A3~o-~!.i.--~~-~---+--... ~.---
BZ'.Eli817'.S2Z.831 'Mn 

NOTES: 

!.. Th j s l OG I c REPRESENTS ASSEMBLY 3020-6004 AT DATE. CODE I 507 .-
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/ ' \__, - ,I -. 
. 
~5V 

•,A 
8 

220 150 -
llO 
NI 
150 

iii !! 

'2.2.0 1'50 

£Ll 3 

~ 
220 ISO 

R'5 T R.13 

I 
~3 
1 

'V 
22.0 160 

12 

~ 3 

2'2.0 lo:.0 

~ ::.a 
2'2.0 ISO 

! 
__ ? 

'2.20 150 -0---
WI& 

II 

'J.14 
'I:) • 

Wl 4~-+S" 
1.2.K 

-
U51 

W2 
9(ffi+SV \.21', 

-0 
l)SI 

"'~I( 
_ -r U'34 '" . I ,JJ . ....iy 3 l14HI! 

WI @ "INT A'D'D•SUS 

I 
B39 I lUOl L'21' II d 

TOIX 

io31 r T04X 

/1.10 /'';SX 

e 2.1& -1..:!.o 1; x 

A58 /T 

z 
0 
....... ..., 
(JI .. 

~ 

~ > -t 
~~~ 
l"l l'l C/I 

n~r 
0 Cl 0 
o~~ 
I'\ 0 

6' ~ ii 
g~,, 
• ' :0 

" "' 0 CJ 
0"' 
f' L 
). ; 

""' (A 

1! g 
... - % ' ~ : . : h '-... ·· ·1 ~ l ! : 
§E:1~ i 

H I 
©2{RST 

.~ 

4 

2. 

lo 

C.2.8 Rn 
S1o;:f S.IK 
~-+'5V 

U,I 
14i2S 

·:.~ ns 

ut.l. 
1415 

14 

ti 

C:'l.9 
'St.pf 

~~~~~~~~~~~ ..... ~~~~~-.~--+Vl 

U51 
..... r;;v 5 '"' 

1.1.l'o 
U51 I .. sv~ !:. 

e 

--t~v~"' 
l'l. 13 ic. 

,,~~P 
..:.. 

~I ... 
~"I ,. 

'ilf~ ! L N J 
0 • 

til ~ i I 

i 

! s 

! 
I 
' 

S~I n.:01x , d 

A'31 ,.on 

SIDI UY?" ' d 

a~·M. ·-~--v_,__ __ ._ ___ ~ 
,a11i; I I 

Cl C4 I'' 

~ \2. 

~ .. ~v 
410.11. 

U51·& 

~
1.2:K_.V2. 

- 7 +VI 
Ve' 

/XI 

.01 
Al,A'l C,NO r~~~u I .... I .Of I 

A114-
1
A1tS _ _ THIW _ 1 l 1 

.. - . -- . - . -....;~ 

.. 

05 

1004-

'1003 

'rooz. 

,01 

LSB/IDOO 

love 
SL.C.T 

AC.14 

A(09 

LSB /ACDB • 

'M5B 

STRB 

x 

/xs 
/x4 

hMA '!NH 

,l' 

si.o 

~ 
At.I 

859 

A32. 

A1o1. 

8"2. 

¥" ..3 
A<OO 

"""' ~ 
- e3Z 



_,./ \. / 

!Alt L 

ll.tA'D SE.Ell. STATu<:. RF:' L 

READ Ct £ .REG. 

R.~AD 

S[EK S.TATUS R 

READ Ct E ~EC.. U 

LClA'D (:,BR. 

ENTER C. t. E ~fG. 

~ 
I 

S££K 

LOAO SAR 

' 
-
~8 

10 
~f_Q 

~ I 
I COMP IR 

I lNIT D"TA SEQ 

g/FS I 13 .l U<.3'. ... COMP rw 

2. 

i<y-l..& 
.4ua~3 

13 

VJ}, AC09 

~ 
BUSY 

13 
R'2.I ' +5V 12 

I I ~ I I I I +v. 
b- ' :t.DOO ex, 

ENIE~ CEIC. 3 ,-,.-i·--, 1. DON£ 

+VI 

!1~ "INf £.V 2. ,_ I I LllJ ~ ... =' 8 c: Q 

11 l~" I I 
U11 

RST l7171 
,,__ ~ _ I I I 11~8 l''" ~I L?RCT ASS 

Ut.1 
•A~~-e_:\ B 

1414 

& 9 
::::~f~ ll / JNT l<.EG 

A~8 

Cl 

'"I 
Uli1 

R.23 I I 11414 
'l '2.0 

+5v 
;<:i.3 
1111.AA..A. I 

I 

+\JI 

'e!:~/-RIN v l ...;~+ 

I~ r § 2 ~ 
i • 

11 • 

-- • ·E : H 11. 
..:11& ~ 

--
:.1.."'e~•-'"~e : 1"7 A DD .. BUS 

1?!52 snr 1408 
(T, 

!'~ U51 
I 1410 ..,,,,.. ... 

... sv 

~~H H~iJ J.2.K 3 SELO "52 

!~ l ~ ~ i ~ 

OJ >u 

... .J . 
U' 

i ll <> i .. 
' 

,, l> 

:-

"'"' lJ 

'I i2 If o>-4 

j, 

.,,. cl':; 

l> "' 

... "'_ 

('> c 

,.. ,.,. "' 

ol 
0 !~ ('\~ .... . .. 

g 0111 
I~ 'I ooiO - o • I o.-ci-

0
1 ~ I i "'"" -(\ 

S~a . GI...,,.. . o .. . '° 
i:; ! ~H 

I i~ - . L 0 

1~~1! 

"' I >' ..... ,. £ ,.. ... c 0 I ,...,. 
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.-~ \, ·" 
~.I.AB. l.'l M~ ...._ ~- 1 __ • 

............... ~ ~v R?.3 I R4' +sv Ju14 '° M5.B...1'...M0'1A 841 
CAR 14 _... 9 - :;.,;;.. -....- N 4 1438/ 1 . 

R'lS RAI l U 11'- 8 2.2.0 160 .J'..l'MJJ,,A 89 
,v_;,A - cAA ~ 10 jl4!§/' ...._ I .-- 1. 

~ CAR 13 2..'-0 1'50 - .I R~4 1 R.50 1u24"'\. .3 .LJ'llD5A e1a. 
~. - I •/\A -....- k• l ,438 Lt. 
(BID ._C_A..B_ !Z. J Rl.~ l R4l r-;;1~~·.: .. ): 3 220 l&O M04A 81 

-"Y'- - <AA ~ - ~ ~ ..C..A_A II 2'2.0 l':>O J Ras l Q.SI ' Ju2,\...8 Lf.tit:i?JA .,, 
J_'l. _ -~~ ·"Y' 10 i4W 

~ CAP. 10 .I R2l - R4?> I ····-·_--i ue7 '' 220 ~ ''=-0 - L.!:Mi.A . A12 . 
~ ·-~ - :~ WU143o/"' ' ..... \l. .....-- I 

C52';) _LAR 09 'L 20 150 --- J Q.3\j> I R<:.2. l.;11\...,11 Lfl\OIA "" 
-..--- _... I -.(' v -....- ~ l3 ·14;;ef _L 
~ C~P. 08 .J R'2.8 l !<44 · JU'2..1 .3 '2.'2.0 150 .........__. MOOA Bl4-

·"'1' ~~ l 14~v ..... 4 _ 

<Eli). -'.A..B....QJ. '2..'l.O 150 .I R~l I R'53 ... ].i.Jll \.....~ LN01A A9 
- - 4 - . ./V\r ....... vv;,. ..::> 14! 
~ -'..AR OID J R29 R4'=> I _ 1ui,\._ II '2.'2.0 i&o - L NO~A Al~ 
- :/v..,. -....- ,,..~ ~14;;§/' ...,. _2. I 

C'2'iD- CAR 05 220 ISO - J ~ I RS4 d Ul2. 3 L_NO_!H. A54 
.......-... . ..... 3: - ·'0 --- ~ 14~ 1 .• 
'.E"""" _c_A.B_ _0_4 j R30 R4~ 1 u13 .8._ 2.'2.0 160 _LflD4.A A'S~ 
--.- <Ah .,/\/\,- _10_f143 1 - ; 
~ ,.AR Q-:0, 2'2.0 1'50 - J R~9 1 ~i;,~ ~1u1:,\._3 .Ll'i!23A A50 
~ 12.- . -"'V' ....... w "- 14:0 
~ J:.AR ....Q..2. J R.31 l R41 i--:-::-lu1i\.._11 '2'20 150 - ~"1..A 8t;'5 

·'!'f"v:. -~ ~i43V° ..... _12. -
~ CAR 01 '2.2.0 150 - J R.40 l R51# JU1'3hll LNOIA ~ .. ~ 
- ...... 5 .... ..A,y- 1:, 14W 
~ C.AR oo LSB J i:t32. J R48 J 1 .r-- Ju'~'- 11 {{o lso - L5B /NDOA s•i 
- ·y,, -~ ..M....- ~s~ 3 4 14~ 

22.0 150 i · 14 - ., l2.~ II j +SV 

~~ ~R~ 
- ~ f.80 

A,~ /pMA :!NH 

B+4 /MR~T' 

A~ CPHI 

82.2. /C.PM2. 

DATA REG SVN( 

13 

1.2.K I 
-+5V .AAA 3 U48 4- .L_CMC. .cAjD ·u;'I'2. 141/ ~ ....._..._ 

U42 .,J2. 10 I 3 Ul4 12 _l_'DMAS 
7417/ T "~'53 B 13 UIP3 12. l41~ A4!i 

~ 11404/ I 
13 

· 1 1 "~ ---2.J~~~8 I le.PHI rc.U
4

; /~ 
9 
I 

"1 II 

Rici K 
150 ,_ U44 
"\/V\r .. 5 v "' 

741-176 
II 

12 

74Hl4 

I :t l ~ 
U43 

P4H14 

~D Q~ 
~ 

4 

I 

FF LOOK 
Al-IEAD 

4 
____ 55J~53 

RSS 
+5\' 

DMAP. 

+SV 
~W7 

4 
~ 

~ _ s 1-7.i;e 
~~~--'W:.::...::.'~ p~8'-4~....._.-=-~~ 

A#j 

A Ski 

A51 MBSY 13 12. 
n-----~ -+VI 

1
1 ' I ~ 
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MODEL 3050 
DISK CONTROLLER 

01 

( 01 )(WCCA DONE) 

02 

0IE 

12 SEC ADD 02 

12 SEC ADD 03 

19.2 us 

24 SEC ADD 03 

24 SEC ADD 04 

/256 EN 

5.083 MHZ 

51. 2 us 

/304024 SEL 

..-'---LI _ _,_I _ _,_I _ _,___1. 

PC BOARD LOCATION 1 

'---.----~-~-~~-·_J 

I 

x 1 x 2 x_3_ -+--X_4 -l-X--5-+-X-7 -+-Y_l -+--Y_2-+-Y_3_-l--Y_44-Y ~-1-Y 6 _E_+_z_1--+-z_2--+-z_3-+-I z_4-+-I z_5--+Z_6_ T i A29 B30i_81_6 87 

I 
A12 A12 A7 

; 

I 
I 

A22jA22 A22 A22 
l-

A12 A28 
' I 

8281841813 811: 
.. -· - .. -- -·-

. ·- -;------

i 
I 
I 

I , I --+-·-1-· --- --·· 

810 810 810 810 

..... r .. . 
1 

I 88 822 

i 841 

831 
+ 

A12 

I~ 89 
·-----}---------· .. ·+-· 

I A7 All 
i 

i A6 I 
-1 

814 

I I I All A15 

l--· 
86 A29 

8251 lli 
... ---- - - -- r- - f- I- -

A4 814 
-· ·- .... - ---------·--------··· - --· ---· . ------· -~--+-- - -- -- ..... .. I----·· -- .......... 1---------

A30 
--- --------------··---·-- ·- ....... ,. 

/ACOO ___ ..... ··---------- ·-------·-· ____ J'.. 
/ACOl I I A21 

/AC02 A22 

'· /AC03 

B28 
. .... ___ ,.___ --·· ··- ............. - ........ ------i.----1----·· t---+--·--· !-------· 

829 

830 

831 

___ ,, ___ ,_ _____ ·!-------+--· - .. ·~---- I----··· --

- -- - +-t-- - - ,____ ~ 
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l 
MODEL 3050 

r DISK CONTROLLER 

Xl X2 X3 X4 XS X7 

/AC04 819 
-·--· 

/ACOS 
I 

Al6 -
i 

/AC06 
I 

A15 
I -

/AC07 818 -

/AC08 A31 -

/AC09 813 -
I 

I 
/AClO I 

! A111 
·t· 

/AC11 825 

/AC12 820 

/AC13 812 
-

/AC14 A9 -
- .. - --· 

/AC15 lfil:_Q 

ACR 04 

ACR 08 
I 

ACR 12 I 
I 

ACR CLOCK I 
I 

ACR LOAD EN 

' 

I I _I I 

PC BOARD LOCATION l 
Yl Y2 Y3 Y4 

. -

I 

-· 

A28 A30 

A28 A30 

A28 A30 

A29 A29 A29 A29 

A31 A31 A31 A31 

l 
I 
I 

vs i Y6 I Y7 Zl Z2 Z3 Z4 ZS Z6 
I ----L---i~-1---1-~+--+-~+-~ 

I 

! 

, 
I 
I' 

i 

' 
828! 

i 

I 
8291 

! 
8301 

i 

831 
' • 
' 

8211 
I 
I 
i 
! 

I 

8211 

8221 
l 

8231 
I 

824 

827 

814i 
' 

822 

I 822 
i 
823 

824 

A19 

1lli 

PAG~ 2 

I 

i 
I 

8261 
{ 

I 
i 

815: 
' i 

I 
I 

I . I 
I 
I 
I 
I 



l l l l 1 I I 
MODEL 3050 l PC BOARD LOCATION li 
DISK CONTROLLER r----.-----ll 

Y6 J Y7 
I 

Xl X2 X3 X4 X5 X7 Yl Y2 Y3 Y4 Y5 Z1 Z2 Z3 Z4 Z5 Z6 
I 

I i I 
I 

/(ACR LOAD EN)(WEN) A15 Al? I -
I 

/\CR LSB A28 I 813 B27 A26 - I 
I f 

/AD04'BUS A3 - I A16 
I 

! 
I 

/ADD·:>IB B26 - A22 A22 A22 A22 I 

I 
I 

/ADD VER CL WBC i A24 B19 -

I ADD VER RES DELAY A24 A24 A24 A24 B18 I -I 
I 

l I I I I 

! 
/ADD VER SEQ FF I B19 A19' -

B/\R 03 A261 I B27 ,-r 

BAR 04 A25 A20 -
I 
I 

BAR 05 A27 A19 I -1 

! BAR 06 B26 B19 -

I 
BAR 07 A26 A26 B13 

I 

m1B25 BAR 08 
I 

I A25 

:I 
i 

BAR 09 A27 -I 

I I 

BAR 10 I B26 ML I 
I 

BAR 11 A26 B27 I 
I -

-- I 

BAR 12 A25 gg, 
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MODEL 3050 
DISK CONTROLLER 

Xl X2 X3 X4 X5 
I 

BAR 13 

BAR 14 

' 

BAR INST SEEK REQ 

BAR LSB 

BAR {LSB+l) 

BAR (LSB+2) 

/BIR-. BUS 
I 

/BIR ,.. DSR 
·-·---

BIR 2 EXTP 

BIR 2 INTP 
-~--. 

/BUS-+ BIR 
-· ·-·-

BUSY-. DISKS B4 B4 B4 B4 
··-·· -··-· - ----·· .. -- -·· --·· . - ... I- ... 

CAR 00 

CAR 01 

CAR 02 

CAR 03 

CAR 04 

' 

l l l j_ l : 

r PC BOARD ~~CAT~ON 1
1 

! 
i 

X7 Y1 Y2 Y3 Y4 Y5 

A27 A19 -

B26 B19 -

A25 ' I 
' 
I 

A27 j 
I 

B26 

i I I A27 1-

I 
I 

I i ' 
I I 

! 
I 

BB BB BB BB i 

r 

B25 I -

A21 A20 
B14 -

B15 A9 -

B14 B2B -

A24 B29 ~ 

B13 A20 
fil1, 

I 
I 
i 
! 

Y6 ~Y7 Zl Z2 Z3 jz4 Z5 Z6 

i 

i B5 Bl3 1 

I 

BlOI B23 

B7 j 
I 

AB I 

A27 A9 I 
I 

A30 B2B 

B9 A29 B27 

B27 B23 

B26 B24 

A20 A31 A2B 

I 

' AlOi -, 
' 
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MODEL 3050 
DISK CONTROLLER 

Xl X2 X3 X4 X5 
I 

CAR 05 

CAR 06 I 

CAR 07 

CAR 08 

CAR 09 

CAR 10 

CAR 11 I 

CAR 12 

CAR 13 

CAR 14 

CAR 15 

CL ADD VER SEQ 

/CL DELAY 

/CL ERROR REG 

/CL W8C 

/CMC A27 -

/COMPARE 

l I I l I I l ,, 
PC B~~~~H0_~1 

X7 Yl Y2 Y3 Y4 Y5 j 

A25 A9 -

A26 B28 -

A18 829 825 
I -

A20 ; 

A20 B14 I 
-

Al6 A9 -

85 ! 828 
I -

I 
1 A13,829 825 

I 
816 A20 

I 814 ! 
-

I 

i 

I 
A19 A9 

i 

-

I 
I 
; 

I 
818 828 I I -

821 825 I I 
- I 

I 
I 
I 

I I I 
I I 

I I I 
I A8 A8 A8 A8 I 

' 

I 
I 

' 
I 

Y6 I Y7 n z 2 nt 4---i-l-z s-+-z_6_1 

I 

B21 831 

A17 A3 

A30 1 

A21 A9 

829 

A15 815 

PAG 5 



l l l l l 
MODEL 30SO l PC BOARD LOCATION DISK CONTROLLER 

Xl X2 X3 X4 XS X7 Yl Y2 Y3 Y4 YS Y6 Y7 Zl Z2 Z3 Z4 ZS Z6 

/COMP IR Bll Al9 -
-·----- ·-·--··-- 1-----4 ---------- ~--- -- f- - ~------ ·~-~-----,--~ ----- -i 1--- - ·-· --+-----1------1 ~--- 1------

/COMP IW A4 Al9 -
-----1 ~-- -- I ---- --+ -~ ---1 ,__ ___ -

CYC ADD 0 B30 B30 B30 B30 BS 
I 

CYC ADD 1 B29 B29 B29 B29 B2 6 
-- - ---

CYC ADD 2 B26 B26 B26 B26 A3 

CYC ADD 3 B27 B27 B27 B27 B2 0 

I 

CYC ADD 4 B28i B28 B28JB28 A 4 

CYC ADD S A30 A30 A30 A30 AS I 

-
I 

CYC ADD 6 A29 A29 A29 A29 B6 I 

CYC ADD 7 A28 A28 A28 A28 B3 -
I 

CYC ADD 8 Al9 Al9 Al9 Al9 A3 -
-- - - -- - ,, __ f-- f- f--

DATA-. ADDER A27 B22 A2S -
------- -

/DATA ACR CLOCK B29 AlS -

DATA ACR LOAD EN AlS 
Al4 -. I f 

/DATA ACR LOAD EN Al3 B27 Al4 -

/DATA DSR CLOCK Al6 AS A23 -

DATA INC WCR B3 Al3 -

PAG 6 
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l I I I I 

MODEL 30SO l PC BOARD LOCATION 
DISK CONTROLLER 

XI X2 X3 X4 XS X7 Yl Y2 Y3 Y4 Y5 Y6 ! Y7 
I 

Zl Z2 Z3 Z4 ZS Z6 

I 
AS I B29i -, 

I 
i ! 

I B21 AI7'. I-
I 

B26 

/DATA OP COMP 

DATA REQ SYNC 
I 

AS 

/DATA SET WEN I AI6 

AI2 AI8 
I I /D+FHD ACR CLOCK I 

I i 
B30 /DISK DATA I BIS i 

I 

I 
I 

I 

! 
I 

i 

AIO AI4 /DISK ERROR I I 

I 
i I i 
I 
! 

DISK SELECT BI2JBI2 BI2 BI2 A26 BI3 -
I 
I 
I 

/DSR 04 I BIO BI5l I 
I 

I I 
/DSR 08 

I 
BIO BI5 -

/DSR I2 BIO BIS I I -
I 

/DSR-. BIR A6 A28 B31 

DSR CLOCK B9 AI7 B9 B9 I 89 820 

DSR LOAD EN I js16 B16 B16 B16 I A31 

/DSR LSB BlO I 
I - B12 

/DSR MSB Bll - A30 

/DUS 0 8191 A22 

/DUS 1 819 A21 

/DUS 2 819 A23 

I 
! PAGf 7 



MODEL 3050 
DISK CONTROLLER 

J I J l I I 
r PC BOARO LOCATION 1

1 

Xl X2 X3 X4 X5 X7 Y1 Y2 Y3 Y4 Y5 Y6 

/DUS 3 Bl9 

DUS BIT 0 

DUS BIT 1 

EN ADD-+ACR A24 A24 A24 A24 

/EN BIR lL-BUS B27 B20 B20 

/EN BIR 2L--.BUS B301 A21 A21 

/EN BIR lU-+BUS B28 B20 B20 

/EN BIR 2u--.Bus B29 A21 A21 I 

I 
EN SAR-.-:- A8 A8 

/ENTER C & E REG 

FH DATA 

/FH DELAYED ACR 
CLOCK 

/FH INIT 

B9 

1~ A25 A25 A25 

I- .. . ... 

FH READ BUSY A21lA21 A21 A21 
------··-···- ------·-· -···· ····---·-··· -···------ - .. -: . .. . -- . - ... 

FH READ CLOCK B14 B14 B14 B14 
-- ·-

FH+W DSR LOAD EN Al3 
A17 

All 

A15 Al5 
A19 

! 
I 

I 
I 
I 

I Y7 Z1 Z2 Z3 z4 1zs Z6 
I 
I r I 

I 
I A26 
I -
! 

I ,A25 A19 I 

I 

I I 
I A24 A20 
I -

A21 

I 
I 

I A8 -

I 
B3 

' 

! 
B29 ! 

t 

I 
I 

Bl? ' 
' 
' 

Bll Bl3 

Bl8 

PA(E 8 



MODEL 3050 
DISK CONTROLLER 

X2 X3 

[
-1 l _l__J __ J ___ I i 

PC BOARD LOCATION \i I 

X4 X5 X7 ~l-r:~\3- -Y4 --y~-- Y6 l Y7 Z1 Z1 Z3 Z4 Z5 Z6 
! ! 

/FH+W DSR LOAD EN 

/FH WLO ER 

! 
. I i 

A101 A20 A10 A20
1 

I 
FH WRITE BUSY A23,A23 A23 A23 

I 
FH WRITE CLOCK 813 Bl3 Bl3 Bl3 

FILE NOT READY B23 B23 B23 823 -1-
FMT BIR-+DSR 

FMT+DISK+TIMING ER 

/FMT DSR CLOCK 

FMT EN FF 

/FMT INC WBC 

/FMT INC WCR 

FMT SEQ FF 

/FMT SET WEN 

FMT SWITCH EN A31 

/GATE_.., BIR 1 

/GATE-+ BIR 2 
··- -·-·-· +· I +· 

/GATE--BIR lL 
!-·- . -

/GATE_. BIR 2L 
--·--··------·---------·---·---~---·---+·----· +-·-· .... ·--

Al4 

I 
I 

I 

A281 

A291 
1-- l --- t--- -- --

A23 B4 B4 

B20 B5 B5 

A30 

A4 

B21 

B30 

A9 

BS B26 

AS 

A7 B30 

B20 

B3 

818 ,A20 

Bl4 B22 

' PA E 9! 
I 

A21 
A31 

B30 

825 

825! 

' A27i 
! 

B30! 



MODEL 3050 
DISK CONTROLLER 

I I I I I ,J I 

I l PC BOARD LOCATION I 
I! I 

~1 I 
X4 X5 X7 Yl Y2 Y3 Y4 Y5 Y6 ! Y7 Zl Z2 Z3 Z4 Z5 Z6 Xl X2 X3 

/GATE--. BIR lU 

I ' 
I 
1 i I 

I 
B23 B4 B4 I - L ~···· 

I 
... --·--

I 
/GATE-.. BIR 2U 

HEAD SELECT 

B19 B5 B5 I ! 
-

+- !-- .... ·-----r··· 
i 

I 
I 

8 B18 B6 L 
I 

I 
B18 Bl8 Bl 

I I 

/IB 00 

/IB 01 

/IB 02 

I ; 

B30 A13 i A13 
I I +-- -~ I- t i t - - -··-

I ' 
B28 A4 A5 A15' A15 I -,- - - I 

B29 I tA6 A4 All All A25i 
! - - - -

I 
I 
I 

f 

r 
l 

/IB 03 I B27 A5 A4 Al2 A12 A21' I - - - - -

i 

/IB 04 

/IB 05 

A30 A6 A6 IA!r6 A18i 
- _, 

f-- I-· f--- - ----- ······ !---- - f·· 

A28 A5 A17IA17 A28 
-

I 
A26 
-1 

I 
/IB 06 A29 A6 A4 Alaj A18 - -

' I 
' ' 

/IB 07 B26 B18 B18 A231 -
( 

--·· I 

/INC BAR A26 B23 B12! -1 
I-· /····· 1 

I 

INC CAR B29 A17 ' 
I 

/INC SWC B20 B16 -
i 

/INC WBC All B12 -

/INC WCR B24 A27 A15 I -
. I-

' 
/!NIT ADD VER SEQ A20 B12 I 

- I 
' I 

PAGE 10 I 
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I I l__. I 

[ PC 
i-,, 

MODEL 3050 BOARD LOCATION \! 
DISK CONTROLLER ----1 

Xl X2 X3 X4 X5 X7 Yl Y2 Y3 Y4 Y5 Y6 i Y7 Zl Z2 Z3 Z4 Z5 Z6 
I I I ---,- ---+-

I 
I 
! 
I 

/INIT DATA SEEK l A23 Al9 Al4 A6 
i 
l 

INIT DATA SEQ Bll BlO 

/INIT DATA SEQ A? Al2 824 815 1 

/INIT OVERLAP SEEK A6 BlO 1 

! 

/INIT READ All 89 IA12 szsi 

INIT SEEK A7 A7 A7 A7 A7 

/INIT WRITE All A16; 

I IR SEQ 817 817 817 817 A25' A16 

/IWCCA SEQ 810 A30 Bll 820 
I 

I 
/IW SEQ 816 816 816 816 A26j Al4 

' 
/LMC A26 A26 A26 A26 I A21 831 ! A4 

LMC+OP COMP 8151815 815 815 816 A22 All 

/LOAD BAR I A25jA25 89 
I 

/LOAD CAR 827 827 827 827 I 815 
I 

I 
/LOAD SAR A5 A9 A9 

/LOAD WBC A14 A8 

/LOAD WCR 830 830 830 830 86 

LOG ADD INT 822 822 822 822 88 
--- -

PAGE ll 



MODEL 3050 
DISK CONTROLLER 

/MD 0 

/MD 1 

/MD 2 

/MD 3 

/MD 4 

/MD 5 

/MD 6 

/MD 7 

/MOB 0 

/MOB 1 

/MOB 2 

/MOB 3 

/MOB 4 

/MOB 5 

/MOB 6 

/MOB 7 

Xl 

I 
I i 

I 
i 

....... - f-

l 
I 
I 
i 
i 

i 
! 

I l 
I 

I I I i I I 
[ PC BOARD LOCATI~_j 

X2 X3 X4 X5 X7 Y1 Y2 Y3 Y4 Y5 Y6 i Y7 Z1 Z2 Z3 Z4 Z5 Z6 
I 

i 
B3 

AlO 

B13 

AlO 

B13 

AlO 

I 

I 
I 

. ._. . .. 

A6 B21 B21 

A14 B19 B19 

I .... , 

A8 B13 B13 

B9 AlO ! AlO 

B21 

I I 

I Bll B21 

B19 I i 

B18 I 
B7 B19 

B4 B18 

All B22 B22 

A7 B23 B23 

A15 B31 B31 

A9 B18 818 

B8 B22 B22 

BlO B23 B23 

B6 B31 B31 
~------------ -·------+-- - ·+--·--·-I-··-····+----+----+----~--- ... ·+--·--+-·-··---~. ... --·· .. +-------· !---+----- ~------·t--·· t--··· -

MH A30 
--·· ... ------ -----+--------' ., ·--·-·-t---·-+-----1-------1-----1-·· ·---1--··--·· ----- ·- -· ..... 
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MODEL 3050 
DISK CONTROLLER 

Xl X2 X3 X4 X5 X? 
I ---+------+--r-----+--__._____.__ 

/MH B? B? B? B? 

MH DATA CLOCK 

/MH INIT READ SEQ 

/MH INIT WRITE SEQ 

MH READ DATA B6 86 B6 B6 - -

MH READ CLOCK Al5,Al5,A15 Al5 _, __ -
I 

MH WC+D 
i I 

I 

B20!B20 820IB20 

MH WRITE CLOCK 

/PMC 825 B25 B25 B25 

PSEUDO BUSY 

/PSEUDO BUSY Al6 Al6 Al6 Al6 

RO 

/R2 

/READ BAR L 84 

/READ BAR U 83 

/READ C & E REG L B8 

READ C & E REG U Bl4 

I J_ I I 
__L__ I I' 

~i;BO~R_D ~~~-CA1:_I_~~jl ! 

Yl Y2 Y3 Y4 vsj Y6 ! Y? 
--~--- - -- ~ -~-

! 
I 

I I 

i 
I 

I 
Al3j 

Al4 

84 Al4 

!A6 A5 

AlO 

AlO 

Zl Z2 Z3 Z4 Z5 Z6 i 
--- ~ -~ 

i 

Bl? B23 Bl5 B7 Bl6\ 

815 A18 8141 IB19 
1-
i 

84 Al? 

B3 Al3 

I 
I 

Bl4 I 
I 

831 I Bl9! 
I 

!Bl? 1-
B24 I 

B31 A13 816 1820 

B2o) -: 

8251 B8 

IB12 

Al5 
I 

A5 I 

AGE 13 



I l 1 1 l 1 I I i 

l 
1! ! 

PC BOARD LOCATI~_J I 
MODEL 3050 i I I DISK CONTROLLER I I 

Xl X2 X3 X4 X5 X7 Y1 Y2 Y3 Y4 Y5 Y6 lv1 Zl Z2 Z3 Z4 Z5 Z6 I 
I ; 

' I 
i ' 

/READ C & E REG U 
I I B6 B3 B3 83 B3 l I - I 

I 
I 
i 

READ DISK A4 B12 B12 B12 B12 B24 B21 A24: 
I I -1 

A3 I A3 
I 

A22 READ EN FF A3 A3 I 
I : 

' 
I 

/READ OP COMP I ! A7 All 
I - ! 

I ' 

I 
B231 

I A8 I READ RE IN IT I 
i -

I 
I 

j 

/READ SEEK STATUS I 

' 
REG L ! 

~I B8 i 
I I 
I 

I I I 

/READ SEEK STATUS ! 
REG U I B7 B8 

I 
-

' I 

I 

READ TERM : I A9 A23 I 

I : 
: -

/REQ ACK B24 B281 -
' 

/R OR W SEQ INIT A29 A24 i 
A22 I 

I 

I l 
I 
' SAR 14 B20 

I 
B31' I 

I 
i 

SAR 15 B26 I B21! - I . 
i 

I I 

/SCOO AlO AlO AlO AlO B22 : 
- - - - I 

' 
/SCOl A9 A9 A9 A9 A7 : 

I 

/SC02 A12 A12 A12 A12 A4 
i 
' 

/SC03 AB rs A8 A8 AS I 
l 
i 

/SC04 All! All All All A6 I -- I 
I 

I 
I 

PAGE 14 ' 
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I 
l l l l _l_____I 

l 
1\ 

MODEL 3050 PC BOARD LOCATION \! 
DISK CONTROLLER .-----

Xl X2 X3 X4 X5 X7 Yl Y2 Y3 Y4 Y5 
I 

/SECTOR COIN 
--

SEEK INCOMPLETE B21 B21 B21 B21 - - - -
! 

/SEEK SET DONE A171A17 A17 A17 

/SEL DISK READY B3 B3 B3 i B3 - -

/SET ADD VER ER A7 
I 
I 

SET ADD VER ER A4 !A4 A4 A4 I 

I 
l 

SET BOTH REQ i 
I 

/SET DELAY 

I 
/SET DISK ER SENSE 

/SET DISK SEL ER A3 I 

/SET FMT ER 
I 

i 

/SET LAI ER I A3 

/SET PARITY ER I A7 I 

/SET SEEK INC ER A7 
-· ··-

/SET TIMING ER A7 

/SET WLO ER I A3 

SET WRITE EN A13 
m 

---- -
\ 

! 
i 



MODEL 3050 I 
DISK CONTROLLER 

Xl X2 X3 X4 
I 

/SET WRITE EN 
--···-

/SET WRITE CHK ER 
I 

/SET DONE 

SSR-UNIT 0 BUSY ER A27 -

SSR-UNIT 1 BUSY ER A27 -

SSR-UNIT 2 BUSY ER A27 

SSR-UNIT 3 BUSY ER A27 -

SSR-UNIT 0 HOW ER Bll -

SSR-UNIT 1 HOW ER Bll -

SSR-UNIT 2 HOW ER Bll 

SSR-UNIT 3 HOW ER Bll -
I 

/SSR-UNIT 0 READY A18 

/SSR-UNIT 1 READY A18 
.. 

/SSR-UNIT 2 READY A18 -

/SSR-UNIT 3 READY A18 -

SUS 0 A13 

SUS 1 A13 

' 
! 

J J l l L I 

r PC BOARD LOCAT~ON li 
XS X7 Yl Y2 Y3 Y4 YS 

Al4 -

A3 

B31 

I 
B9 

' 

t B17 

I 

\ 

I 
I 

B12 

B16 

I I I 
I 
I 

Blll 

I 
B15 

! 

I 
Y6 l Y7 

I 

B9 

817 

B12 

B16 

Bll 

B15 

Zl Z2 Z3 Z4 ZS Z6 

B7 

A5 

A7 

PAGl 16 
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l I I I I 
I 

I I 
IODEL 3050 l PC BOARD LOCATION I lISK CONTROLLER 

I 

Xl X2 X3 X4 X5 X7 Yl Y2 Y3 Y4 Y5 Y6 I Y7 Zl Z2 Z3 Z4 Z5 Z6 
I I I I 

;us 2 Al3 I I B5 
I 

I 
--··. 1-- .. - ··- .. 

l 
I 

;us 3 Al3 A9 i 
I 
I 

I I 

I 
i 

;we FULL A4 810 -
I 

/TERMINATE 
I I 84 819 I I 

I -

I I 
JNIT READY A28 83 I 

I VALID IW I Al8 88 812 A12 -
I I 

' 
' 

VOLT 1 
I A27 826 + 

.. 

I 
AlZ 

VOLT 2 A18 817 824 

I A19 
A20 

+ 

.. --

w BC FULL 87 811 810 i -
•" ·--- ' 

_, -· . .. ·- .... 

w CCA 2 A23 A23 A23 A23 A28 83 -

I 

w CR 03 824 817 -
- .... .. 

w CR 07 824 817 -
_, __ . .. .. --

w CR 11 824 817 -
·- ··-·--·-··-.-¥--~-- ·-~·'---"~"" ___ ... _. ____ ---··· !--··--··· ·-·- ·-· ----·-·· _,..,_ .. -· . . _. .. ""··- ---- ········- ' ~ .. -~ .. - -·-·-... - I--· .. ·----1---- - -----·- !-·--"·- ~--·--1--- --~-·- ·---- -

WCR=l's A25 A27 -I 
'". ·- -----······-·· ....... - -- -·-- ... ····· v-<-· -·• .. .. .. '""" ... -·· ., .... --- -·~··", ,.. --1 f----··· .. •"" '"' ........... ·- __ ................ I- .•.. - ··~ ......... ..•... , ·-- ·- .... .... -

w CR 0-3=1's 87 A26 -
...... -- ··- ....... ... .. .. -- ·-·~ ····---- ... .-·...-·.···--· . -... --., - . , .. ., 

w CR 4-7=1's 87 A25 -
, ... . . . .. . . ·-·- ,,.,.,, '-·- . .. ......... ... .. ... . . ... - .. '' -- . ... . .. -
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I I I I I 
MODEL 3050 r PC BOARD LOCATION 
DISK CONTROLLER 

Xl X2 X3 X4 X5 X7 Yl Y2 Y3 Y4 Y5 Y6 Y7 Zl Z2 Z3 Z4 Z5 Z6 

WCR 8-ll=l's B7 A24 
---------··--··-------···- ·---t---··--··-·· --·--· ... ·-···--""-· ---···· l-----+-·-·l----~1----+-··......+--+---+-·-- t--- --- --·-- ··-·" 

WCR 12-15=1's B7 A23 

/WCR FULL A3 A31 A12 

/W DSR LOAD EN A16 AlO 
-------------·--·-·--!----11--4--1---+--i---+--+---+-+--l--+--+-+--+-+--+-+--I--···-

HRITE CHECK A3 

/WRITE CL DELAY B28 A4 

WRITE DATA 831 B31 B31 B31 B6 B28 B18 

/WRITE DATA PRE B5 'AlO 
- --·-t---••• r·~-...+--.-., ... •••• ' •••·••' ~~·'" ' __ ,__ ·-·•~. 1-M>'~ ~--··• .... !---··-·-· -,,,.,..+-•"'"'••!--•-"·"•' •<•"' . ._ 

/WRITE DSR CLOCK A31 A6 
----------·-··-·-···•· .. ············-···-··--·· .. ······ ---· .• ............ ----!'-.. ·····• ....... -·---.• --·· -j .......................... -·- ..... -··" ~ ....... ·-···---· ................. .. 

WRITE EN FF A5 A5 A5 A5 A16 A29 B6 A4 
-------·--- .. ······""""'•-•-"••-·-····-··--1 ·-·-- ····- l--·-+---1-·-·--l--··---·-'---'--""• I-----· ......... f--.. ,, --1---~-.1----..... ,. ........ -............................ . 

WRITE TERM Bll A14 
......... ·- ' ......................................... ""'• .. ... ..... . ... .. ............ ._ ...... __ _. ·'· ............. .J..... .... ... . .. . ..... . 

x A22 B6 
-·--·--------·--- ··----· ···-'·r-····--1--····"· ............. ·--... -- ••··-··!-·"·"···. --~.--· .... ~ .... - ............. "'"·· -1- ............. ·~·-!-~ ........ _.,_"'!-<-- .,. ................ 1 .. !" 

i 
X-DELAY BlO A3 I 

-- -""·--·-·-"·-··-·--··· .... ·-· -............. ··-·· .. -~--~~-----. -----r----· .. ·1--·· .. -+--- +----· t------1----·-· ~··-·-- ...... .,_. -~--1--·--·l--·'"·"·1--~·-+---" ·-·-· +---- ·+·· ..... 1 
i 

(X)(WBC FULL B23 B18 
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Address 
Verification 

Arithmetic Check 
Register 

Block Address 
Register 

Block Address 
Word 

Block 
Number 

GLOSSARY 

At the beginning of each sector is a block address 

word. When a sector is to be used, the disk 

controller can verify that it has the right track 

by first reading the block address word and comparing 

it with the number of the block required. There is 

a disk formatting program to initially address the 

sectors. 

It is in this register that the Cyclic Redundancy 

Check Word is generated. During a write operation 

the Check Word is generated and written at the end 

of the data. During a read operation a Check Word 

is generated and compared to the one read at the 

end of the data to verify the correctness of the 

data transfer. 

This register contains the block number of the sector 

that the controller is now operating on. 

At the beginning of each sector is a block address 

word that is written there for the disk controller 

to use for address verification. 

The block number is the sequential, contiguous numbering 

scheme which has a one-for-one correspondence with the 

track and sector numbers. 
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Buffer Interface 
Register 

Control and Error 
Register 

Current Address 

Current Address 
Register 

Two registers that are the link between the Data Shift 

Register and the Computer. Two registers are employed 

so that one can be transferring data to/from the Data 

Shift Register while the other is transferring data 

from/to the computer. If the double buffer approach 

were not used, the word just shifted into the Buffer 

Interface Register would have to be transferred into 

the computer by the time the Data Shift Register is 

filled again. This timing requirement cannot always 

be met. The double buffering approach allows the 

computer twice the amount of time to respond to the 

presence of data to be transferred. 

A register containing the control information such as 

Interrupt Enable, Port Select, Busy Indicator, and 

Done Indicator, and the error indicators such as 

Illegal Operation Flag, Select Error Flag, Address 

Verification Flag, Parity Error Flag. This register 

can be loaded or read by program control. 

The core memory address for the word being transferred 

during a disk operation. 

A register in the disk controller that holds the core 

memory address for the word being transferred. It is 

incremented after each transfer occurs. 
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Cyclic Redundancy 
Check Word 

Cylinder Number 

Data Shift 
Register 

Direct Memory 
Access (OMA) 

This is a word generated by the controller at the 

time a sector is written onto the disk. When the 

sector is read the data read operation is checked 

by comparing the Check Word just read from the disk 

to the one the controller creates as it is reading 

the data. If the two compare when the read operation 

is successful. If not, then the error is noted by 

setting a flag in the Control and Error Register. 

A number which refers to the cylinder on a disk 

where a disk operation will take place. 

A register in the disk controller that is the link 

between the disk pack and the Buffer Interface Registers. 

It operates in a serial fashion when transferring data 

between the disk and itself, and operates in a parallel 

fashion when transferring data between the Buffer 

Interface Registers and itself. 

The Model 3040 Systems utilize the direct memory access 

facility of the minicomputer. This is a direct line 

between the minicomputer's memory and the disk system. 

The disk controller steals memory cycles from the 

computer and transfers data between the memory and the 

disk controller. This eliminates the need for the CPU 

to watch over the entire operation. 
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Disk Formatting 
Program 

Double Buffering 

Interrupt 
Generation 

Latency 

Overlap Seek 

A program that initializes the disk pack. One of its 

functions is to write the block address word at the 

beginning of each sector. 

Double Buffering is providing two registers to act as 

links between. the computer and the disk controller. 

One can be transferring data to/from the disk drive 

while the other is transferrring data from/to the 

computer. This allows the computer more flexible 

timing requirements in picking up data from the disk. 

An interrupt is generated whenever interrupts are 

enabled, (the interrupt enable bit in the Control and 

Error Register is set) and one of two conditions is 

present. The two conditions are: the done flag in · 

the Control and Error Register or Status Register is 

set and it is the end of a data transfer operation; 

or the done flag in the Control and Error Register or 

Status Register is set, and it is the completion of 

and overlap seek with no data transfer operation in 

progress. 

The time spent waiting for the disk to rotate beneath 

the read/write head until the head is positioned at 

a spot to begin transferring the data. 

The process of having one or more drives on three of 

the controllers ports executing seek operations while 
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Read/Seek 

Sector Number 

Seek Address 
Register 

Seek Status 
Register 

Track Number 

the fourth port is performing a read or write 

operation. 

Combining the head-positioning seek operation with 

the data-acquiring read operation reduces the number 

of instructions required for a data transfer. The 

CPU can start the transfer operation and then ignore 

the process until it is completed. 

A number which refers to the sector in a disk where 

a disk operation will take place. 

This register contains the information needed by the 

controller to execute a seek operation: the port 

number and the cylinder to which the drive is to 

seek. 

A register that contains information pertaining to 

possible errors while attempting to complete a seek 

operation. The register is broken into four parts, 

one for each port of the controller. Each port contains 

three bits corresponding to three possible error conditions. 

A number which refers to the track on a disk where a 

disk operation will take place. The track number is 

contained in block number (when a block addressing scheme 

is used) and may be found by either extracting a specific 

field from the block number of using a divide network 
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Word Count 

Word Count/Current 
Address Sequence 

Word Count 
Register 

Write Protection 

on the block number. 

The number of data words to be transferred in a 

disk operation. 

The word count/current address approach to data 

transfer enables the transfer of large blocks of 

data with just a single sequence of I/O instructions. 

Such large transfers are performed using this approach 

without tying up the computer while the data transfer 

operations are taking place. This sequence is 

initiated with a single computer instruction that 

passes a CPU memory location to the disk controller. 

That location is the first of two CPU memory locations 

that contain the word count and current address 

parameters respectively. 

A register in the disk controller that stores the 

number of words remaining to be transferred during a 

disk operation. It is updated as the transfer of each 

word takes place. 

Any sector on a disk may be write-protected by having 

a write-protect indicator set in its Block Address 

Word by a special disk formatting program. Any write 

operation attempted on this sector will result in a 

write lockout error and the write operation will be 

terminated. 
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Write/Seek Combining the head-positioning seek operation with 

the data-writing write operation reduces the number 

of instructions required for a data transfer. The 

CPU can start the transfer operation and then ignore 

the process until it is completed. 
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WARRANTY STATEMENT 

System Industries, Inc. (the "Company") warrants that its products 

are free from defects in material and workmanship and meet performance 

specifications, provided, however, that: (a) the Company's liability 

under this warranty is limited to repairing or replacing, at its option, 

any product delivered hereunder not conforming to this warranty; (b) this 

warranty is limited to a period of one (1) year, commencing with the date 

of shipment of the product; (c) minor deviations from specifications 

which do not affect performance are excluded from this warranty; and 

(d) the Company shall be liable under ·this warranty only if (i) it is 

promptly notified in writing by Buyer upon discovery of the failure of 

any product to conform to this warranty, (ii) the product is returned 

to the Company, transportation charges prepaid by Buyer, (iii) the 

product is received by the Company not later than ten (10) days after 

the last day of the one year period of this warranty and (iv) the Com­

pany's examination of the product discloses to Company's reasonable 

satisfaction that such defects or failures as may exist have not been 

caused by misuse, neglect, improper installation, repair, alteration or 

accident. Company will pay return freight to Buyer on any products 

serviced hereunder at Company's plant; but Company may, at its option, 

elect to perform any repairs required hereunder at Buyer's place of business. 

The foregoing constitutes Company's entire warranty, expressed, implied 

and/or statutory (except as to title), and states the full extent of 

Company's liability to Buyer or to any other party for any breach of such 

warranty and for damages, whether direct, special, incidental or conse­

quential; and, OTHER THAN AS EXPRESSLY PROVIDED IN THIS DOCUMENT, NO 

WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY WARRANTY OF MERCHANTABILITY 

OR OF FITNESS FOR A PARTICULAR PURPOSE, ARE MADE. NO EMPLOYEE, REPRESEN­

TATIVE OR AGENT OF COMPANY HAS ANY AUTHORITY, EXPRESSED OR IMPLIED, TO 

ALTER OR TO SUPPLEMENT, THE TERMS OF THIS WARRANTY. 

Systeml.'ndustries 
System lnclustries,SJS Del Rey Avenue,Sunnyvale,Califomia 94086,(408) 7Jl·l650 





To receive Customer Bulletins, fill out this form completely, 
fold, affix postage, and mail to System Industries. 

Company Name 

Title 

Phone Number Area Code _____ Number ________________ ~ Ext.~ 

Company Address 

Controller Serial No. 

Drive Serial No.(s) 
~-------------------------------------------

Computer System 
------------------------------------------------~ 

System Operating Software 
------------------------------------~ 

Controller Purchased From 
------------------------------------~ 

Drive(s) Purchased From 

Comments 

System Industries offers a wide variety of After Sales Services. 
For information on any of these services check the appropriate 
box below: 

Training [] 
Service Contracts [] 

Spares CJ 
Factory Repair CJ 



Fold J -----------------------------.---------------------- ... ---

System Industries 

Customer Service Dept. 

525 Oakmead Parkway 

P.O. Box 9025 

Sunnyvale, CA 94086 

• 
Place ! 
Stamp 
Here 

---------~--------------------------------------------Fold 



SystemZ'naustries 525 Oakmead Parkway, Sunnyva le, California 94086, (408) 7 32-1650 

European Offices: 
SI Computer Systems, Inc. 
Guildford Rood 
Woking, Surrey 
England GU22 7HB 
Phone : (04862) 5077 
Tolov · A,_01 ?LI 

System Industries (Deutschlond) GmbH 
AM Forsthous Grovenbruch 9-11 
D. 6078 Neu lsenburg, 2, 
West Germany 
Phone : 6102-5464 
TP.IP.x : 417606 

System Industries, Inc. 
Grev Mognigoton 5, 
Sl 14 55 Stockholm 
Sweden 
Phone : 08/ 63 62 74 
Telex : 12697 




