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ABSTRACT 

This thesis describes a system to allow a mass storage device to 

be installed in a position remote from the computer system which 

controls it. This system is intended to allow undergraduate 

students in the Electrical Engineering department at UCT to make 

use of two nine channel tape drives installed in the 

undergraduate 

interfaced to 

accessed by 

laboratory for project work. The drives are 

the department's PDP-11/23 computer, and may be 

standard operating system directives, as the 

controller simulates a conventional computer peripheral. 

The system consists of an SA-Bus based tape transport controller 

which interfaces to the host computer system via a serial line. 

The following hardware was designed and built specifically for 

this system : 

1. A CPU card based on the In tel 80188 microprocessor, 

incorporating high speed DMA (direct memory access) channels 

and two interrupt driven serial lines. 

2. A timing and control module for the tape transports. This 

consists of two SA-Bus cards. 

Two sets of software were written for the system. These are the 

following : 

1. Software to operate the tape controller. This consists of 

six modules written in Pascal-86 and 8086 assembler. 



2. Software to allow the PDP-11/23 to control the the tape 

drives. This is in the. form of an RSX-11 device driver 

written in PDP-11 assembler. 

To allow the 

particular to 

proposed local 

system 

allow 

area 

highly modular form. 

to be easily 

the system to 

network) , the 

upgraded in the future (in 

be incorporated into UCT's 

software was writ ten in a 

In addition to being controlled by a host system in remote mode 

the tape controller also has the ability to perform a variety of 

ope rations in local mode. These in cl ude the ability to copy and 

erase tapes, as well as a comprehensive set of diagnostic 

functions. When in local operations mode the controller is menu 

driven, making its use by persons who are not familiar with it 

quick and easy. 
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CHAPTER 1 

INTRODUCTION 

1.1. Requirements 

This project arose out of the need of the University of Cape 

Town's department of Electrical and Electronic Engineering for an 

interface which will allow a mass storage device for the 

department's PDP-11/23 minicomputer system to be installed in a 

position remote from the central processing unit's position. 

The PDP-11 is used for various purposes, 

undergraduate teaching and postgraduate research. 

notably for 

It i s fr om i t s 

role as undergraduate teaching tool that this requirement arose. 

Undergraduate teaching is done mainly on the department's so 

called SABUS kits. These are SABUS [8], [9] based microcomputer 

systems designed by UCT specifically for the purpose of 

undergraduate teaching. The kits are installed in a separate 

undergraduate laboratory and are connected to the PDP-11 via 

serial lines. 
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The kits function as work st at ions. They are used for editing 

source files for processing on the PDP-11, as well as for 

assembly and execution of 8085 code, which forms a key part of 

the current undergraduate programme. All long term file storage 

is however done by the PDP-11 system, normally on fixed disks. It 

is with this file storage that severe problems can arise. At 

certain times of the year several courses, each with up to 80 

students, make use of the kits, and hence the PDP-11 system for 

file storage. This can result in severe storage space problems, 

especially as RSX-11/M, the operating system used on the PDP-11, 

maintains copies of each version of a disk file unless these are 

explicitly deleted. Should space problems occur these cannot be 

rectified by the students themselves, but only by the actions of 

a user with a privileged account (normally a member of staff). At 

times of peak demand the system must be available 24 hours a day. 

A form of mass storage to relieve this congestion is a high 

priority for the department. 

1.1.1. In practice, two possible ways exist to reduce the space 

problems : 

1.1.1.1. Increase the available storage space. This approach 

was rejected as firstly storage for PDP-11 systems is 

extremely expensive compared to other forms of mass.storage, 

and secondly that a very large amount of such storage would 

be required to ensure that the problems did not arise. The 

exact amount of storage required is highly dependant on the 

type of work being done, but for most multi-user systems is 

estimated at several megabytes of storage per user. This 

would imply a requirement of well in excess of 100 Mbytes of 

disk storage, which would be difficult to justify as it is 

only required at certain times of the academic year. 
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1.1.1.2. Make some form of removable medium mass storage 

available to the students. Using this system, each student 

(or group of students) can be issued with their own storage 

medium (magnetic tape or floppy disk for example). The 

student's files will then not need to be stored on the 

PDP-ll's disks. 

1.1.2. For the university's purposes the second solution is far 

better, for re a sons of cost and simplicity. It should be noted 

that the specific problem described above is only one example of 

a more general problem facing the data processing industry. 

Traditionally computer systems have consisted of a CPU (Central 

Processing Unit) with its peripherals in close proximity to it 

(normally in the same room). The only peripherals installed in 

remote locations were terminals and occasionally line printers 

and card readers. With the recent dramatic advances in integrated 

circuit technology there has been a trend towards distributed 

systems. Distributed systems are differ from the traditional 

computer system architecture by having the intelligence in the 

system spread throughout the entire computer system rather than 

being concentrated in a single CPU. In practice these systems 

normally consist of a number of work stations and a central file 

server ( concentration of mass storage devices) • It has however 

been found that it is desirable to have some form of mass storage 

accessible to each user. This has the following advantages : 

1.1. 2 .1. Each user can keep his own copies of important 

files. The system manager no longer has to make frequent 

back-ups of all files. This results in both lower overheads 

and a greater feeling of security on the part of the user. 

in use from 1.1.2.2. The user can easily remove files not 

the system. If the user has no easy way of 

which are not immediately re qui red out of 

rolling files 

the system the 
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disk drives will quickly become cluttered up with unused 

files. 

1.1.2.3. It is simpler for the user to import files from 

another similar system. This form of information interchange 

is often important, especially in organizations which carry 

out activities in which data from external sources plays a 

large role ( for example research establishments). 

1.1.3. As a result of these considerations it was decided to 

construct an interface which would allow a mass storage device 

for the PDP-11 to be installed in the department's digital 

undergraduate laboratory. The actual mass storage device chosen 

was a pair of 800 BPI (Bits Per Inch) NRZ (Non Return to Zero) 

nine channel magnetic tape drives. This was chosen for the 

following reasons : 

1.1.3.1. Two such tape transports were available from 

scrapped equipment donated to the department. 

1.1.3.2. The de facto industry standard for magnetic tapes 

used for program transfer is 800 BPI. Alt hough the 

department has a tape transport attached to the PDP-11, this 

is a 1600 BPI phase encoded drive which cannot read 800 BPI 

tapes. As a result in the past tapes have had to be 

converted from 800 BPI to 1600 BPI by UCT's computer center, 

a process which is both time consuming and prone to problems 

as a result of the wide variety of tape formats used on 

PDP-11 systems. The ability to read 800 BPI tapes was thus a 

further attraction of the project. 



INTRODUCTION Page 1-5 

1.2. Description of the Tape Transports 

Both tape transports conform to the de facto industry standard 

design. They have the following features in common : 

1.2.1. Industry standard control bus. This consists of three 

connectors, one for write data, one for read data and one 

for control lines. In practice this interface is not 

completely standardized, and variations exist between 

manufacturers, especially as regards methods of selecting 

different units on a common bus. 

1. 2. 2. The transports provide encoding and decoding of the 

NRZI recording code, as well as clock recovery. 

1.2.3. An interface is required, external to the unit, which 

must provide the following functions : 

1.2.3.l All tape formatting. This consists 

information ( one bit per character) and a 

(Cyclic Redundancy Check) for error control. 

of parity 

9 bit CRC 

1.2.3.2 All timing. All data is written in the form of 

blocks. Recognition of these blocks by the controller 

is by timing (for example a CRC is preceded by 3 

character spaces). It is the responsibility of the 

interface unit to provide all timing both for write and 

read operations. 
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1.3. The data link 

The 

for 

use 

primary objective 

industry standard 

with the PDP-11 

of this project is to design an interface 

magnetic tape drives which is suitable for 

and will allow the tape transports to be 

located at a distance from the main computer system. For this 

reason the choice of a data link is critical to the project. 

Conventional mass storage devices are interfaced to the host 

system via parallel data busses which are suitable only for 

transmission over a maximum distance of only a few meters. For 

this project a system is required which is capable of 

transmitting over a distance of several hundred meters. Two 

techniques are in common use [ 15 J , and meet this requirement. 

These are the following : 

1.3.l.l. A LAN (Local Area Network) system. This is a system 

which allows several devices to be connected on a single 

high speed line (normally a twisted pair or co-axial cable). 

This kind of system can reach data transfer rates of 10 

Mbits/s. 

1.3.1.2. Conventional serial lines. These are normally 

RS-232, and operate at speeds of up to 9600 baud (Baud 

refers to the number of changes per second on a line. For a 

conventional line this is almost the same as bits per 

second.), or in exceptional cases 19200 baud. 

In this case it was decided to use serial RS-232 lines. This was 

done for the following reasons 

1.3.2.1. The PDP-11 system has serial lines available which 

are not in use. 
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1.3.2.2. Although UCT's proposed LAN system will interface 

to the PDP-11 system, and operates at a far greater speed 

than a conventional serial line, the hardware for this 

system did not exist at the time. In addition the software 

for the LAN has not been finalized to date. It was however 

decided to design the tape interface in such a way as to 

make an upgrade to operation on the LAN as easy as possible. 

1.4. PDP-11 software 

The physical interface to the PDP-11 is via a serial line. The 

software used on the PDP-11 in order to operate the tape 

controller will now be discussed. The operating system used on 

the PDP-11 system is RSX-llM. This has the following features : 

1.4.l. It is multi-user. This means that several user can 

use the system simultaneously. 

1.4.2. It is multi-tasking. This means that several programs 

can be run simultaneously, even by the same user. 

1.4.3. It is hierarchical. From the first two points 

mentioned above it is clear that strict control is necessary 

over system resources, such as peripherals. A situation 

could easily arise in which two or mo re programs wished to 

use a peripheral at the same time. The hierarchic al nature 

of the RSX-llM operating system allows it to keep strict 

control over the various peripherals in the sys tern. The 

operating system may be viewed as a series of layers, with a 

user's application program as the first layer, the various 

parts of the operating system as the succeeding layers 

culillinating in the layer which actually controls the 
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peripheral. The components of this layer are known as device 

drive rs, and one exists for each type of device in the 

system. The RSX-11 operating system makes special provision 

for the user to include his own drivers at this level, and 

so customize the system to his own re qui remen ts. As the 

driver executes as part of the operating system strict rules 

are associated with it in order to ensure the integrity of 

the operating system. It is via this mechanism that the tape 

transports are controlled. 

1.5. Other Requirements 

In addition to the re qui remen ts discussed above 

features would be desirable : 

various other 

1.5.1. The interface unit should be as easy as possible to 

incorporate into the proposed LAN system. As LAN cards are 

being designed for UCT's SABUS based systems the tape 

controller in te rf ace should be SA BUS based. This has the 

additional advantage that card cages with built-in power 

supplies are readily available, as are memory cards. 

1.5.2. The interface unit should be as intelligent as 

possible. The host computer should have to do the absolute 

minimum of control. For example if an error is detected on a 

read operation the controller should automatically retry the 

operation. 

1.5.3. The interface unit should be able to perform as many 

operations as possible in local mode. If the operator can 

perform certain operations, for example to copy a tape, 

using only the controller then a great deal of time will be 
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saved. It was therefore decided to incorporate a second 

serial port into the controller to interface to a terminal. 

This allows the interface to be directly controlled by the 

user. 

1.5.4. The interface should have as many diagnostics 

functions as possible available. This not only simplifies 

testing of the system, but also will make the system a great 

deal easier to modify, if required, at a later date. 

1.5.5. The interface 

transport/controller 

advantages: 

should emulate 

combination. This 

a known tape 

has several 

1.5.5.1.1. The interface will be compatible with as 

much DEC operating system software as possible. This is 

an extremely important consideration. From the point of 

the user of the PDP-11 the tape controller should 

appear to simply be a standard DEC peripheral. 

1.5.5.1.2. Source code of the device drivers for these 

devices is available. This simplifies the task of 

ensuring that the tape controller subsystem is 

compatible with the operating system. 

1.5.5.1.3. The behavior of the controller can be 

compared against known, documented equipment. 

Although several of these are manufactured by DEC (Digital 

Equipment Corp.(manufacturer of the PDP-11)) the TMll 

controller was chosen. This was for the following reasons : 
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1.5.5.2.1. The TMll is the standard controller for the 

type of tape transports which are available. 

1.5.5.2.2. The TMll controller is the basis of the 

entire DEC range of tape controllers. Although the 

various controllers all have different capabilities 

they all preserve TMll compatibility. Most DEC tape 

software uses only TMll commands, and so ensures 

compatibility with all tape available interfaces. 

1.5.5.2.3. The tape interface in use to control the 

department's 1600 BPI phase encoded drive is a hardware 

emulation of the TMll controller. This means both that 

direct comparisons can be done and that special purpose 

software written at UCT specifically for this tape 

drive will run without modification. 

1.6. The Tape Controller Hardware 

In order to meet the re qui rem en ts set out above an SABUS based 

tape controller interface was constructed. This consisted of the 

following subsections: 

1.6.1. Card cage and power supply. This is a conventional 

19-inch rack mounting box and card cage with built-in power 

supply identical to those used for various other UCT 

systems. 

1.6.2. CPU card. This card which was especially designed and 

constructed for this project and has the following features 
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1.6.2.1. 80188 CPU. This is an advanced INTEL 

microprocessor with various 

chip (for example timers 

Access) controller). The 

peripherals integrated on 

and a OMA (Direct Memory 

instruction set of this 

microprocessor chip is a superset of the popular 

8088/8086 processor. The advanced design of this 

processor allowed a considerable reduction in size of 

the hardware compared to other microprocessors while 

al 1 owing the use of 80 88/8086 development equipment, 

notably Pascal-86, a high level language used for much 

of the controller software. 

1.6.2.2. EPROM st~rage on board. Provision was made for 

up to 128 Kbytes of long term program storage on the 

CPU card. 

1.6.2.3. Serial interface lines. Two serial lines were 

included on the CPU card for the data link and 

terminal. Provision was made for both to be interrupt 

driven in order to allow the highest possible data 

transfer rate. 

1.6.3. Interface module. 

constructed especially 

This module, also 

for this project 

designed 

provides 

and 

the 

physical interface to the tape transports, as well as all 

timing functions. It consists of two SABUS cards connected 

via a ribbon cable. Data transfers are via OMA. 

1.6.4. A memory module. This is a standard 128K dynamic RAM 

card as used in UCT's SABUS kits. It has 64 Kbytes of memory 

installed. 
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1.7. System Software 

Two sets of software are required 

1. 7 .1. Controller software. This is the software which is 

embedded in the controller. This consists of five modules, 

of which two are written in Pascal-86, and the rest 1.n 

assembler. These modules provide all controller functions. 

1.7.2. PDP-11 software. The software for the PDP-11 consists 

simply of a device driver (known as MA drive) which emulates 

a TMll tape controller as discussed above. This is written 

in MACR0-11, the PDP-11 assembler language. 



CHAPTER 2 

THE TAPE TRANSPORTS 

2.1. Introduction 

In chapter l the objectives of this project were discussed, and 

it was stated that two nine channel tape drives were selected to 

provide a remote mass storage system. These tape drives, and the 

formats used to record data on them, will now be discussed. Both 

tape transports are of industry standard design, although in 

practice there are minor differences between them. The tape 

transports are designed to read IBM compatible tapes, which are 

the industry standard for data transfer. The requirements for IBM 

compatibility are described below : 

2.2. IBM Magnetic tape standard 

2.2.1. IBM compatibility means that the tape is readable by 

an IBM 2400 series tape transport and the converse. It 

should however be noted that this this compatibility extends 
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only to the level of physical compatibility, that is 

parameters such as number of tracks, track width, form of 

check characters, length of inter block gaps, recognition of 

file gaps etc. These parameters are designed only to ensure 

that the hardware in a particular system is capable of 

reading and writing standard tapes. Any other formatting, 

for example at file and volume level, is not specified. 

2.2.2. The IBM standard covers both 7 channel (6 bits of 

data and one of parity) and 9 channel (8 bits of data and 

one of parity). Although the tape transports used for this 

project support only 9 channel operation both formats will 

be described as the tape controller is capable of supporting 

both 7 and 9 channel operation. 

2.2.3. The method used for recording is that of NRZl (non

return-to-zero change at logic 1), also often simply 

referred to as NRZ (non-return-to-zero). Recording using 

this method of encoding is simple Whenever a logical one 

occurs in the bit stream for a particular track, the 

direct ion of 

magnetization, 

the head current, and hence the tape 

is changed. A special character called the 

LRC (Longitudinal Redundancy Character) ensures that the 

direction of magnetization is always the same in the inter

record gaps. The use of this character wil 1 be discussed 

fur the r in sec t ion 2 • 2 • 5 . 3 • NR Z ha s two adv an tag e s o v e r 

other recording techniques such as phase encoding or group 

coded recording [24]: 

2.2.3.1.1. Head current flows at all times. This makes 

it possible to record over old data. In practice most 

tape transports include an erase head to ensure tape 

erasure in the inter-track gaps. This sign i fie an tly 
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reduces problems caused by badly aligned heads and 

hence improves reliability. 

2.2.3.1.2. The electronics for reading and writing NRZl 

tapes are simpler than for other techniques [24]. 

2.2.3.2. A significant disadvantage is, however, that unlike 

the two other techniques mentioned above, NRZ is not self

clocking and is hence useful only where multiple track 

recording is employed or limits are placed on the data 

content. A further restriction is that in order to recover a 

character clock at least one channel must have a a one 

recorded in it. This may be ensured by employing odd parity. 

If odd parity is not employed then the all zeros character 

must be declared invalid. Odd parity is always employed on 9 

channel tapes. Note that phase encoding and group coded 

recording allow the use of phase lock loop type data 

recovery circuits, allowing both higher tape density and the 

recording of any data pattern. 

2.2.3.3. Writing NRZl tapes. In order to record data on a 

magnetic tape it is necessary to magnetize the tape 

discreetly to indicate binary ones and zeros. In the NRZl 

method current flows in the write head continually while the 

transport is in the write mode. Binary ones are indicated by 

a reversal in the direction of current fl ow, and hence of 

the saturated magnetism on the tape. It is the 

responsibility of the user to provide the data and the write 

clock. Actual encoding is done by the tape transport 

electronics. 

2.2.3.4. Reading NRZl tapes. In order to recover data 

written as described above the tape is passed over a read 

head at constant velocity. When the resulting playback 
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signal is rectified a pulse is present for each one recorded 

in the original wave form. If a zero was recorded no pulse 

will be generated, and the clock to store the data must be 

obtained from another channel. 

2.2.4. The IBM standard also specifies various tape 

parameters, such as skew between channels, gap scatter and 

position of the tracks on the tape. As these specifications 

are determined by factors such as head design which are the 

concern only of the manufacturer of the tape transport they 

wi 11 not be discussed he re. Readers wishing for further 

information should consult references [l] and [2]. 

2.2.5. Tape format. This refers to the methods used to 

delimit blocks of data, the beginning and end of the tape 

and the check codes used to en sure data integrity. Two 

structures may be written to the tape. These are data 

records (or blocks) which consist of data characters and 

check characters, and file marks, which delimit sections of 

data. The format of these structures will be described 

later. The following factors define the tape format: 

2.2.5.1. Tape markers. To avoid physical damage to the 

recorded surface a portion of tape at the beginning and 

end of the tape is reserved for threading and loading. 

These sections are delimited by reflective markers on 

the non-oxide side of the tape. The markers are 

referred to as the BOT (Beginning Of Tape) and EOT (End 

Of Tape) markers respectively. These gaps are at least 

10 feet, and the tape is erased for at least 1.7 inches 

before the trailing edge of the BOT tab. Note that it 

is permissible to write over and beyond the EOT marker. 
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2.2.5.2. Gaps. Reading and writing can take place 

reliably only when the tape is moving at a constant 

velocity. To al 1 ow the tape to st art and stop, gaps 

must be left between data records. The following gap 

lengths are used : 

2.2.5.2.1. Beginning of tape gap. An erased 

section of tape is required surrounding the BOT 

marker. This extends for at least 1.7 inches ahead 

of the trailing edge of the marker and 0.5 inches 

past it. 

2.2.5.2.2. Inter record gaps. These gaps are 

between data records, and have a minimum length of 

0.75 inch for seven-track and 0.6 inch for nine

track. 

2.2.5.2.3. End of file gaps. This gap is a minimum 

of 3.9 inches for seven-track and 3.75 inches for 

nine-track. 

2.2.5.3. Data record format. Data records consist of a 

number of characters and a number of check characters. 

A minimum of 14 characters and a maximum of 8192 

characters may be written in a single block. For seven

track tape a single check character is written. This is 

the LRC (Longitudinal Redundancy Character), and is 

spaced four character spaces from the last data 

character. For nine-track tape a CRCC (Cyclic 

Redundancy Check Character) is writ ten in addition to 

the LRC, spaced four character spaces after the last 

data character.The LRC is spaced four character spaces 

after the CRCC. The check characters are obtained as 

follows : 
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2.2.5.3.1. The LRC. The polarity of each bit in 

the LRC is such that the number of magnetic 

transitions in each track is even. This ensures 

that the direction of the magnetic saturation is 

the same in all tape gaps. 

2.2.5.3.2. The CRCC. A complete discussion of 

cyclic codes is too lengthy to present in this 

document. An introduction to the subject may be 

found in references [3], [4] and [SJ, and only 

information which is pertinent to the tape format 

is given here. The following information is 

specific to the code used in 9-track recording. 

1. The parity of the CRCC is not fixed, but 

is dependant on the number of characters in 

the data record. 

2. Because the parity of the CRCC is not 

fixed neither the LRC or the CRCC need 

necessarily be writ ten, as if the CRCC has 

even parity then so will the LRC. The 

polynomial chosen for the CRC, however, 

guarantees that at least one of the check 

characters will always be written. 

3. It is possible to correct, as well as 

detect, certain errors. For th is to be 

possible certain conditions must be met, 

notably that all errors must be confined to a 

single track. In practice due to the severe 

limitations on error correction using this 

system (correction can only be guaranteed for 

single bit errors) error correction is not 
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often implemented. For more information on 

this subject see reference [3]. 

2.2.5.4. EOF mark format. The file mark consists of 

only two characters, a single character and its LRC. 

The spacing is four character spaces for 7-track and 

eight for 9-track. Note that for 9-track no CRCC is 

writ ten as would be the case for a data record. Note 

also that as only one character is written the LRC is 

identical to this character. 

2.3. Physical Interface 

The tape transports are of industry standard design. Space does 

not allow all specifications to be described here, but the most 

important features of the interface will be described. Further 

information may be found in references [6] and [7]. 

2.3.l. All interface lines are TTL/DTL compatible and make 

use of negative logic (a low represents the logical true 

condition). Outputs are open collector and lines are 

terminated at the receiving end by conventional 220/330 Ohm 

terminations. In order to allow data transmission over a 

distance of several meters each line also has associated 

with it a ground line, all owing the interconnection to be 

made in the form of a twisted pair. 

2.3.2. The interface consists of three connectors 

2.3. 2.1. Read data (RDO-RD7, RDP). This connector has 

ten lines, eight data, one parity and one read strobe. 

Data from the tape transport is latched on the trailing 
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edge of this pulse by the tape controller. All lines on 

this connector are inputs to the controller. 

2.3.2.2. Write data. This connector consists of twelve 

lines, all outputs from the controller : 

2.3.2.2.1. Data lines (WDO-WD7, WOP). There are 

eight data lines (six for seven-track units) and a 

parity line. 

2.3.2.2.2. Write data strobe (WDS). Data and 

parity are written on leading edge of this strobe. 

It has a minimum width of 1 us and a maximum width 

of 3 us. Data must be valid for at least 0.5 us 

before and after the leading edge of this strobe. 

2.3.2.2.3. Write amplifier reset (WARS). This 

strobe automatically writes the LRC described 

above. Note that writing the LRC resets the 

transports NRZl encoding circuitry. This strobe is 

identical to the write data strobe except that the 

data on the transport's data lines is ignored, and 

the internally generated LRC is written. 

2.3.2.2.4. Read threshold (RTH). This line selects 

a high read threshold when true. This is used only 

for read-after-write data checks. 

2.3.2.3. Control. This connector has both input and 

outputs. The number of lines varies from manufacturer 

to manufacturer. The foll owing outputs from the 

controller are common to all transports : 
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2.3.2.3.1. Select (SLT). When this line is true 

al 1 drive rs and receive rs in the transport are 

enabled. The use of this line allows several 

transports to be connected to a common bus. Note 

that this 1 ine cannot be commoned, and must be 

wired separately to each tape transport. 

2.3.2.3.2. Synchronous forward command (SFC). When 

this line goes true, and the tape transport is 

ready and on line, the tape ramps linearly up to 

its rated speed in the forward direct ion. When 

this line goes false the tape speed ramps down to 

zero. 

2.3.2.3.3. Synchronous reverse command (SRC). This 

is the same as the synchronous forward command 

except that the tape moves backward. 

2.3.2.,3.4. Rewind (RWD). A pulse on this line 

(minimum width 20 us) will cause the tape to 

rewind to the BOT marker. 

2.3.2.3.5. Set write status ( sws). For the 

transport's write head to be enabled this line 

must be active at the leading edge of the SFC 

command, and must remain true for at least 10 us. 

Note that as magnetic tape is a sequential medium, 

reverse write operations are not used. 

2.3.2.3.6. Off line command (OFFC). A pulse on 

this line will set the selected transport off 

line. This is normally done to indicate that the 

tape may be removed. The transport can only be put 
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back on line by an operator using the transport's 

front panel controls. The pulse must be at least 2 

us in length. 

In addition to requiring the inputs described above all 

transports provide certain status outputs : 

2.3.2.3.7. Transport ready (RDY). This line is 

true if the transport is on line and a tape is 

loaded and is not rewinding. 

2.3.2.3.8. On line (ONL). This line is true if the 

transport is on line. If the transport is on line 

it is under the control of the controller, if not 

it is under local front panel control. 

2.3.2.3.9. File protect (FPT). This line is true 

if a write enable ring is not mounted on the tape 

loaded on the transport. 

2.3.2.3.10. Load point (LDP). This line is true if 

the tape is at BOT. 

2.3.2.3.11. End of tape (EOT). This line is true 

if the tape is past the EOT marker. 

2.3.2.3.12. Rewinding (RWD). This line is true if 

the transport is engaged in a rewind operation. 

2.3.3. The following tape transports are in use 
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2.3.3.1. Pertee model 6860-25. This is a simple tape 

transport which operates at 25 IPS and conforms closely to 

the standard described above. It does however have the 

ability to overwrite a specific block. This ability is not 

in fact used in th is application, as very few other tape 

transports (or computers systems) make provision for such a 

capability. 

2.3.3.2. WANGCO Mod 10. This tape drive differs in several 

respects from the Pertee unit described above. 

2.3.3.2.1. It operates at 45 IPS. 

2.3.3.2.2. The interface has been modified slightly 

from the industry standard described above : 

1. Provision has been made for four select lines 

in order to allow several transports to be bussed 

together without requiring special wiring for the 

select line. 

2. Provis ion has been made for DC power 

connections (designed to power external terminator 

modules) on certain lines previously used for 

ground connections. 

2.3.3.2.3. The transport has a dual gap head. This 

means that the unit is capable of reading and writing 

simultaneously. As the re ad gap is down stream of the 

write gap a tape can be written and verified in one 

pass, provided that the controller supports this 

feature. 
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2.4. Tape transport timing 

It is the responsibility of the controller to generate the timing 

of the control signals in such a way as to produce the data 

format described above. These timing requirements will now be 

discussed. Note that 45 IPS is the maximum speed available in 

this type of tape transport. A controller capable of operating at 

this speed wil 1 be compatible with all ind us try st and a rd tape 

tr ans ports . 

2.4.1. Character timing. 

2. 4 .1.1. Write 

tape transport 

speed of the 

operations. When writing data to the 

the bit density is controlled by the 

tape and the frequency of the write 

strobes. The controller must generate write strobes at 

the frequency required to produce the bit density 

appropriate for the tape transport in use. In the case 

of the transports discussed above, this is 800 BPI. 

This means that a write strobe must be generated each 

50 us for the 25 IPS unit and each 27.78 us for the 45 

IPS unit. In order to conform to the IBM specification 

an accuracy of 1% is required. Note also that this 

means that the controller must be capable of delivering 

nine bits of data each 27.78 us. 

2.4.1.2. Read operations. During read operations data 

from the tape transport is latched by the read strobe. 

The average period of this strobe will be the same as 

the write strobe discussed above but due to skew 

between channels and bit crowding effects the minimum 

time between consecutive read strobes may be 

considerably shorter than this. Most manufactures state 

that a guaranteed safe value is half of the average 
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time between strobes. This means that when reading the 

controller must be able to process nine bits of data in 

less than 13.89 us. 

2.4.2. Block timing. There are two aspects to the timing 

involved in reading blocks : 

2. 4. 2. l. Gaps in side blocks. The check characters at 

the end of a block are delimited by a space of several 

bit intervals. The controller must be able to generate 

these gaps when writing. In order to be able to 

recognize the check characters, these gaps must also be 

detected by the read circuits of the timing module. 

2.4.2.2. Inter block gaps. Gaps must also be inserted 

in between blocks. This is done by controlling the 

delay between asserting the motion command ( SFC) and 

the first write strobe, as well as the delay between 

the last strobe and de activating the mot ion command. 

These delays vary from approximately 2 ms to 100 ms for 

transports ranging in speed from 10 IPS to 45 IPS. 

These gaps are not critical, but should be controlled 

to within 5%. 

2.5. Hardware requirements 

2. 5 .1. The tape controller consists of a CPU card, memory card 

and timing module. From the description given above several 

requirements for the timing module hardware become apparent. The 

most significant are summarized below : 
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2.5.1.1. A character clock variable from 2 kHz (10 IPS, 200 

BPI) to 36 kHz (45 IPS, 800 BPI) must be generated to within 

1% accuracy. 

2.5.1.2. Variable Inter record gaps must be generated. These 

range from 2 ms to 100 ms. 

2.5.1.3. Gaps within blocks must be recognized. These range 

from 100 us ( 4 character spaces, 800 BPI, 45 IPS) to 4 mS 

(8 character spaces, 200 BPI, 10 IPS). 

2.5.1.4. The controller must be capable of processing nine 

bits of data within 13.89 us. 

2.5.2. Of the above requirements it is the last that is by far 

The first three requirements may be met 

programmable timers and the appropriate 

the most 

simply by 

demanding. 

the use of 

logic, but in order to meet the last re qui remen t a controller 

architecture is required which is capable of reading 8 Kbytes of 

data plus its parity into some form of memory. In order to meet 

this requirement several techniques are in common use [24], [25], 

[26] 

2. 5. 2 .1. Micro-programmed controller. Most commercial tape 

controller modules are constructed using bit-slice devices. 

These devices may be viewed as building blocks for central 

processing units, and allow the user to effectively create a 

computer with an architecture and instruction set optimized 

for the particular application in question. In this case the 

"computer" would have an instruction set composed of 

instructions such as read block and write block, and would 

be "programmed" by the host processor in the controller. 

These building block devices are known as bit slices because 
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they are normally supplied in the form of 4 bit "slices" 

which may be paralleled to achieve the required data width. 

A timing module would typically consist of three devices in 

par all el, giving a 12 bit word. This form of construction 

has several significant advantages : 

2.5.2.1.1. As these devices operate at very high clock 

rates (30 MHz devices are not uncommon [27]) and may be 

optimized for the required function a controller 

designed in this way can normally perform all the 

functions required (timing, check character generation 

etc.) with both a minimum of hardware and a minimum of 

host processor intervention. A timing module based on 

this technology can easily meet the data transfer rate 

requirement as data may be easily read in to local 

memory by program transfer 

microprogram transfer). 

(or, more accurately, 

2.5.2.1.2. Modifications may be made reasonably easily 

as only a change to a PROM ( Programmable Read Only 

Memory) will normally be required. 

2 • 5 • 2 • 1. 3 • As a 11 fun c t ion s are p e r formed by the b i t 

slices and a few support chips the system can be made 

physically small (typically two SABUS cards). 

This system however also has severe disadvantages in this 

particular application : 

2.5.2.1.4. Development work is expensive. Changes 

require new PROMs, as these cannot be reprogrammed as 

can the EPROMs used for microprocessor work. 
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2.5.2.1.5. UCT does not have development equipment 

suitable for the design of such equipment. 

2.5.2.2. A 

which data 

this type 

design composed of discrete logic elements in 

is transferred to and from a local memory. In 

of controller all functions, including the 

generation of the check characters, are done in hardware. 

This is the classic design for a tape transport controller 

and indeed the interface to the tape controller is optimized 

for such a system. This technique has the advantages that no 

problems occur with transfer speed as all operation are 

done in hardware, and that no special purpose development 

equipment is required. This technique does however also 

suffer from certain disadvantages : 

2.5.2.2.1. Such a module would be very large. A 

preliminary estimate was that six SABUS cards would be 

required. 

2.5.2.2.2. The system would not be very versatile. As 

all the required functions would be implemented in 

hardware it would be very difficult to modify the 

controller. For example, if error correct ion was 

desired as discussed in section 2.2.5.3.2. above, this 

would have to designed in from the beginning. Further 

complexity would arise as regards the possible use of 

seven-track tape transports as, for example, these 

units do not make use of a CRCC. 

2.5.2.2.3. 

technology 

A controller 

would be 

based on this 

very inefficient. 

type of 

Certain 

operations, such as the generation of check characters, 

are much better carried out in software, at a 

considerable saving in hardware. 
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2.5.2.3. The third possible controller design is a system in 

which the minimum of hardware is used, and a CPU within the 

controller performs as much as possible of each function in 

software. The hardware performs only those parts of 

functions requiring precision timing, and provides latches 

and buffering of the signals to and from the tape 

transports. This has the following advantages : 

2.5.2.3.1. The timing module is physically small. 

2.5.2.3.2. As most of each operations is carried out by 

the software the controller will be very versatile. For 

example error correction can be included without the 

addition of any extra hardware, simply by writing 

suitable software. 

2.5.2.3.3. It is possible to provide more sophisticated 

diagnostics functions, as the CPU has direct access to 

most of the timing module's functions. 

This organization, however, also has a disadvantage. In 

order to meet the data transfer rate requirement without 

memory which is local to the timing module, OMA (Direct 

Memory Access) techniques must be used. This is significant 

problem as SABUS based systems have in the past normally 

made use only of programmed transfer techniques ( that is, 

transfers under the direct control of the CPU) to transfer 

data. The occasional system which has made use of OMA has 

been built as a dedicated system, and as a result no general 

technique for the use of OMA on SABUS has been developed. 

This disadvantage is however overshadowed by the advantages 

of size and simplicity to be gained. The fol lowing chapter 

will discuss the use of OMA on the SABUS system. 



CHAPTER 3 

THE 80188 CPU CARD 

3.1. Introduction 

The simplest way to design the the tape controller system is to 

utilize OMA. This is somewhat problematic, since OMA has not yet 

been satisfactorily implemented on SABUS. This chapter describes 

the implementation of a central processor card which implements 

OMA. 

3.2. SABUS 

SABUS is a bus system designed for the implementation of 8- and 

16-bit microcomputer systems. The standard was first formulated 

in 1978, but has been modified considerably since. For reasons of 

space a only a brief description of the bus is included here. 

Further information may be obtained from references [8] and [9]. 

The bus has the following features. 
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3.2.1. All lines are TTL compatible, and 5 Vdc, 12 Vdc and -

12 Vdc power supply lines are included. 

3.2.2. A 20 bit address bus (AB0-AB19). 

3.2.3. Either an 8- or 16-bit data bus (DB0-DB15). Also 

included is a BHE ( Bus High Enable) line as used on In tel 

16-bit CPUs. This allows the CPU to execute 8 bit operations 

on a 16 bit memory device. 

3.2.4. Conventional memory read (MR), memory write (MW), IO 

read (IR) and IO write (OW) strobes. 

3.2.5. Reset line (RESET). When this line is asserted all 

devices on the bus are reset. 

3.2.6. Wait line (WAIT). When this line is asserted, the CPU 

card lengthens the active memory or IO access. This allows 

the use of memory and IO devices which are slower than the 

CPU card in use. 

3.2.7. Clock (CLK). This line is driven by the CPU clock. 

3.2.8. Hold (HOLD) and hold acknowledge (HOLDA). When hold 

is asserted by a peripheral card, the CPU card deactivates 

all its address, data and control lines, and then asserts 

HOLDA. This allows the peripheral card to control the bus. 

Note that not all cards support this line. 

Various other lines also exist, notably a set of lines which are 

intended to support both multiple daisy-chained interrupts and 

multiple CPU cards. This has however never been implemented. It 
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should be noted that the provisions of the SABUS "standard" have 

on several occasions been modified by the control committee, and 

have also been "improved" or simply ignored by several 

manufacturers. The result is a system in which the only the power 

lines, address lines, data lines and read/write strobes are truly 

standard as regards function. At no time have any generally 

accepted timing specifications been published for SABUS. 

3.3. Implementation of direct memory access 

In light of the information given above, several possible 

approaches to the problem of introducing DMA suggest themselves : 

3. 3 .1. Provide some form of DMA on the timing module, for 

example an 8237 DMA controller chip, or a special purpose 

circuit constructed from discrete logic components. The CPU 

card's execution would be suspended by the asserting the 

HOLD line, and the address, data and control lines would be 

driven by the timing module. This approach has the advantage 

that it is conceptually simple and allows the use of any CPU 

card which supports the HOLD/HOLDA lines. There are also 

certain disadvantages : 

3.3.1.1. SABUS cards are not standardized as regards 

their 

lines 

use 

are 

of 

on 

the SABUS 

the bus 

HOLD and HOLDA 

specifically 

lines. These 

to al low DMA 

operations, but details of 

have never been formalized. 

their operation and timing 

Indeed the only published 

data[8] on the use of DMA on SABUS defines these lines 

in such a way as 

chip other than 

to 

the 

make 

Intel 

them 

8257 

incompatible with any 

OMA controller chip. 

This device is now obsolete. It is also too slow for 
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this application, and is incompatible with any CPU card 

in use at UCT. 

3. 3 .1. 2. The local area network card mentioned in the 

introduction requires the HOLD and HOLDA lines. As 

SABUS does not make provision for the use of these 

lines by more than one card, the use of these lines 

would make it impossible to include the LAN card into 

the tape controller at a later date. As discussed 

earlier, this future capability is a major design goal. 

3.3.1.3. If the DMA components were to be included on 

the timing module this would increase its size 

considerably. For example buffers to drive all the 

SABUS address lines would have to be included. 

3.3.2. An existing 8088/8086 card with DMA capability can be 

used. The card in quest ion has provision for the incl us ion 

of an Intel 8089 coprocessor. This is a device, designed 

specifically for the 8088/8086 family of microprocessors, 

which is designed to unload the CPU of as much IO activity 

as possible. The 8089' s instruct ions are optimized for IO 

activity, and the device includes two DMA channels. The OMA 

request and acknowledge lines are brought out on a connector 

on the rear of the card as there is no provision for them on 

the bus. The advantage of th is approach is that it is an 

existing card that has DMA capability. Several severe 

problems, however, exist: 

3.3.2.1. The card has never been tested in conjunction 

with the 8089 coprocessor. 
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3.3.2.2. The card does not implement the SABUS 

HOLD/HOLDA lines, and so cannot be used with the LAN 

card. 

3.3.2.3. No 8089 assembler is available at UCT. 

3.3.2.4 The 8089 is relatively expensive (approx. R85) 

and is not held in stock in th is country due to 1 ow 

demand. 

3.3.3. A CPU card with built in DMA can be designed. This 

has several advantages. 

3.3.3.1.1. The card can be designed in 

DMA channels are provided on card, 

supports the HOLD/HOLDA protocol. This 

card will support the UCT LAN card. 

such a way that 

and the card 

means that the 

3.3.3.1.2. Provision can be made for interrupts. As 

discussed earlier communication to the host computer 

will be via a serial line. Although not vital, it would 

be both far simpler and far more efficient if this 

serial port were to be interrupt driven. No current 

SABUS card makes provision for this. 

3.3.3.1.3. Provision could possibly be made for having 

EPROM on the CPU card. In the past SABUS systems have 

always had separate cards for EPROM storage. In recent 

years, however, the density of EPROMs has increased to 

the point that very few applications require more than 

one or two. A significant saving in in both size and 

expense could be realized if the EPROM storage could be 

integrated onto the CPU card. 
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3.3.3.2. As a result of the advantages described above it 

was decided to design and construct a CPU card which would 

have as many of the features listed above as possible. For 

this purpose the microprocessor chosen was the Intel 80188. 

It was chosen for the following reasons : 

3.3.3.2.1. It is an improved version of the popular 

8088/8086 range of microprocessors. UCT has available 

both an assembler and high level language for this 

series of processors. The availability of a high level 

language for this microprocessor is a considerable 

advantage. This eases the task of writing the software, 

and makes it easy to modify at a later date. 

3.3.3.2.2. The device has, integrated on chip, 

peripheral and memory select logic. This means that any 

peripheral or memory devices (such as EPROMs) included 

on the CPU card will require no additional address 

decoding circuitry. 

3.3.3.2.3. A two channel DMA controller is integrated 

on chip. 

3.3.3.2.4. Also integrated on chip is a programmable 

wait state generator. This can be programmed to insert 

wait states into any reference to a memory or IO port 

location. This is an important consideration as it 

allows the microprocessor to interface to a wide 

variety of devices which do not have a sufficiently 

fast response time to interface without slowing the CPU 

down in some way. As SABUS has no formal timing 

specifications, a CPU which has programmable timing is 

a great advantage. Most other CPUs would require 

complicated hardware to insert wait states. This also 
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makes for great versatility. Almost any device can be 

added to the system without requiring changes to the 

hardware. As a further advantage, these programmed wait 

states also apply to the OMA controller. In systems 

which have a separate OMA controller the different 

timing requirements of the CPU and DMA controller can 

cause severe problems. 

3.3.3.2.5. The microprocessor also has integrated on 

chip an interrupt controller which can 

control the data link as discussed above. 

be used to 

The device 

also contains programmable timers, which are useful for 

providing a real time clock. 

3.4. The 80188 Microprocessor 

For the reasons described above it was decided to design an 80188 

based CPU card. Be fore the design of this card is discussed a 

brief description of the microprocessor will be given. This 

cannot, for reasons of space, be a full description, but further 

information may be found in references [10], [11] and [12]. The 

device contains the following sections : 

3. 4 .1. Clock 

the addition 

Generator. The 

of a crystal 

clock generator 

of twice the 

requires only 

desired clock 

frequency. Also included in this section are reset and wait 

state generation circuitry. 

3.4.2. Execution unit. The instruction set of the device is 

compatible with the 8088/8086 microprocessors. Certain extra 

instructions have been added, and most old instructions 
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execute significantly faster ( typically 2 to 4 times as 

fast). 

3.4.3. Interrupt control unit. This section synchronizes 

interrupt requests, priorotizes them and then passes control 

to the appropriate section of code. The interrupt controller 

has several modes of operation of which only the simplest is 

discussed here. Interrupts from several sources are 

recognized. All these interrupt sources, except for the non 

maskable interrupt, can be disabled and have a programmable 

priority. 

3.4.3.l. Non maskable interrupt. This 

interrupt, and cannot be disabled. It 

highest priority of all the interrupts. 

is an external 

always has the 

3.4.3.2. External interrupts. These are four interrupt 

lines which are brought out on pins of the 80188. They 

can be programmed for level or edge operation as well 

as priority and are driven by external peripherals. 

3.4.3.3. OMA channel interrupts. Each OMA channel has 

an interrupt which occurs on terminal count. 

3.4.3.4. Timer interrupt. Each integrated timer can be 

programmed to generate an interrupt on reaching its 

maximum count value. 

3.4.4. Programmable timers. The microprocessor contains 

three programmable timers of two different types : 

3.4.4.l. Two of the timers (TMRO, TMRl) have external 

input and output pins, and may be programmed to take 
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their input signal either from these pins or from the 

chip's internal clock. The high time and low time of 

the output signal may be independently varied. 

3.4.4.2. The third timer (TMR2) has no external 

connections, and always takes its input from the CPU 

clock. In common with timers O and 1 it can generate 

interrupts, but has the additional ability to initiate 

DMA cycles. 

3.4.5. DMA unit. The OMA controller consists of two 

identical OMA channels. Each channel can be programmed to 

transfer from an IO port to 

memory. OMA 

memory, memory to IO port or 

memory to operations may 

the 

be either 

unsynchronized, 

synchronized by 

application only 

by source or or 

the 

synchronized 

destination. In this particular 

(for reading tapes) 

writing tapes) are 

source synchronization 

and 

used. 

destination 

The use of 

synchronization (for 

these OMA channels is critical to the 

design of the tape controller, and will be further discussed 

in the following chapter, which discusses the design of the 

timing module. 

3.4.6. Chip select unit. This unit provides chip selects for 

various peripheral and memory devices : 

3.4.6.1. Peripheral chip selects (PCS0-PCS6). These are 

7 chip select lines intended to select IO devices such 

as serial ports. The seven chip selects are active for 

seven contiguous areas of 128 bytes in either the 

processor's memory or I/0 space. The number of wait 

states inserted in to read or write cycles is 

programmable. 
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3.4.6.2. Memory chip selects. Three sets of memory 

select lines exist: 

3.4.6.2.1. Upper chip select (UCS). This line 

selects a block of memory up to 256K bytes long. 

This block always ends at location OFFFFFH. This 

is the only select line which is active at reset. 

This section of memory must contain the boot code 

for the processor. 

3.4.6.2.2. Lower chip select (LCS). This line 

selects a block of memory up to 256K bytes long. 

This block always starts at location OH. It is 

almost always RAM (Random Access Memory). 

3.4.6.2.4. Mid-range chip selects (MCSO-MCS3). 

These are four chip select lines of up to 128K 

bytes in length which form a contiguous block. The 

start address of this block is programmable. 

All of these lines may be programmed for the number of 

wait states inserted, as well as whether the external 

ready signal should be taken into account. 

3.4.7. Bus interface unit. This section of the 

processor generates the various control signals used by 

the system. These include read/write strobes, status 

lines, address and data lines as well as provision to 

halt the CPU (HOLD/HOLDA). 
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3.5. The CPU card design 

From the discussion above it may be seen that several features 

are desirable in the CPU card 

3.5.1.1. Local EPROM storage. 

3.5.1.2. Provision for interrupt driven serial I/0. As no 

existing serial interface cards make provision for this, it 

was decided to place two serial ports on the CPU card. This 

has the following advantages : 

3.5.1.2.l. 

Asynchronous 

directly to 

The USART (Universal Synchronous/ 

Receiver/Transmitter) chip is connected 

the 80188 external interrupt lines. Any 

other organization would require an extra connector, as 

SABUS does not make adequate provision for interrupt 

lines. 

3.5.1.2.2. The USART chip selects are driven from the 

80188' s PCS lines. This saves address decoding 

circuitry. 

3.5.1.2.3. The USARTs' baud rates are generated by the 

80188's internal timers. This saves space and gives the 

system two serial ports with independently programmable 

baud rates. 

3.5.2. As a result of the above considerations, and as a 

result of the card size, the design shown in figure 3.1. was 

decided on. This consists of the following sections 
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3.5.2.1. 80188 CPU, with a local and master bus. The 

master bus is SABUS, and the USARTs and EPROMs re side 

on the local bus. This saves on data bus buffers for 

these devices, but also means that they cannot be 

accessed from SABUS. It is however unlikely that this 

wil 1 be re qui red. An In tel 8288 bus controller was 

chosen to control the master bus. Connection to the 

CPU's two DMA request lines, one for each OMA channel, 

are made via a connector on the rear of the card, as no 

provision is made for such lines on the SABUS 

connector. 

3.5.2.2. Two 8251A USARTs and voltage level conversion 

devices for RS-232 compatibility. Connection to these 

two serial ports also is made via a connector on the 

rear of the CPU card, as is the case for the DMA 

request lines. 

3.5.2.3. Four 28 pin bytewide device sockets. This 

allows any available EPROM to be inserted, with only 

software modification. These devices are selected by 

the 80188's memory device chip selects. This allows up 

to 128K bytes of memory using currently available 

devices. 

3.5.2.4. SABUS interface. The SABUS interface performs 

the following functions: 

3.5.2.4.1. Buffering. Buffers are provided for the 

address, data and control lines. As discussed in 

section 3.5.2.1., SABUS is CPU's master bus. Note 

the buffering for the SABUS control lines is 

provided by the 8288 discussed in section 3.5.2.1. 

above, which also generates these signals. 
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3.5.2.4.2. Ready line synchronization. The 80188 

CPU requires that transitions on its ready line 

(used to extend bus cycles for memory or IO 

devices for which a normal bus cycle is too fast) 

are synchronous with the CPU clock. Circuitry is 

provided to do this. This circuitry also lengthens 

the first bus bus cycle after a hold condition is 

releases, in order to ensure that the 80188 CPU's 

timing requirements are met. 
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3.5.2.4.3. Clock line drive. The CPU clock is 

divided down, and used to drive the SABUS clock 

line. 

3.5.2.4.4. Reset line drive. When the CPU card is 

reset, or is powered up, the SABUS reset line is 

pulled active by circuitry on the CPU card. This 

ensures that all peripheral devices on SABUS are 

re set. 

3.6. Detailed design description 

A detailed description and schematic diagram of the CPU card are 

provided in appendix B. 

3.7. Testing the CPU card 

Testing of the CPU card was done in several steps 

3.7.1. Initial testing involved writing a program, resident 

in the boot EPROM, which simply executed a continuous loop. 

This allowed the verification of the basic operation of the 

hardware, such as the clock and addressing of the boot 

EPROM. 

3.7.2. The next step in testing involved writing a routine 

to output a fixed character string to serial port O. This 

verified both the operation of the serial port and the CPU's 

on chip timers. 
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3.7.3. Once the operation of the serial ports had been 

verified a program which required the use of RAM was 

written. This was first tested with a static RAM card which 

does not make use of the SABUS WAIT line, in order to test 

the basic functioning of the SABUS interface. Once this was 

verified the static RAM card was replaced by the dynamic RAM 

card to be used in the final product. Use of this card 

verified the correct operation of the wait synchronization 

logic. 

3.7.4. The final step in the process was to write a hex down 

load program. This program accepts an Intel format hex file 

on serial port 0, loads this into RAM and then executes it. 

This program was used to down load all later software, so 

avoiding the need to continually program, erase and 

reprogram EPROMs. 



CHAPTER 4 

THE TAPE INTERFACE MODULE 

4.1. Introduction 

The tape interface module consists of a pair of SABUS sized card 

which provide the physical interface b~tween the controller and 

the tape transports, as well as certain timing and control 

functions. In the previous chapters the basic principles on which 

the design of the module is based were discussed. The module 

consists only of enough hardware to provide the bare minimum of 

functions, and makes use of OMA provided by the CPU card to 

execute high speed data transfers. This chapter provides a 

detailed description of the requirements and design of this 

module. 

4.2. Requirements 

The requirements of the module are as follows 
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4.2.1. Electrical compatibility with the tape transports. 

The specifications of the transports were described in 

detail in a previous chapter, but may be summarized as 

follows : 

4.2.1.l. All outputs to the tape transport are open 

collector, high power TTL lines. 

4.2.1.2. All inputs to the interface module must be 

terminated by 330/220 Ohm TTL terminations. 

4.2.2. The interface module should provide all critical 

timing. When designing microprocessor based equipment there 

is always a temptation to use the microprocessor itself to 

provide timing. This has the advantage of saving hardware, 

but has certain disadvantages both in general and in this 

specific case : 

4.2.2.1. In general, use of a program to control timing 

makes the program difficult to modify and difficult to 

document. 

4.2.2.2. The time taken to execute a section of a 

program will not be constant. This is for the following 

reasons 

4.2.2.2.1. Interrupts. The data link is interrupt 

driven. Any interrupt activity makes the program 

timing unpredictable. If the microprocessor is 

providing the timing, then such activity cannot be 

allowed while a tape operation is in progress. The 

software could be so designed to ensure that this 

is the case, but this is a restriction which is 
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best avoided, especially 

undesirable interaction 

Page 4-3 

as it would introduce 

between the data 

communications and the tape operations sections of 

the program. 

4.2.2.2.2. DMA activity. The DMA controller acts 

as a cycle stealing device. This means that the 

program may be suspended at any time to allow DMA 

activity. It may be expected that there wi 11 be 

DMA activity exactly at the time at which the 

timing of the tape operation is the most critical. 

4.2.3. A study of the abilities required from the tape 

controller by the PDP-11, and the abilities of commercially 

available tape controllers shows that the controller should 

be able to execute the following set of operations : 

4.2.3.l. Read block. The controller must be able to 

read blocks both forward and reverse. 

4.2.3.2. Write block. Block writes must be done only in 

the forward direction, and the inter-block gaps must be 

programmable. The controller should produce gaps of the 

same length regardless of what the last operation was 

(for example, read or write). 

4.2.3.3. Write tape mark. The same conditions as for 

writing a block apply. 

4.2.3.4. Space blocks. The controller should be able to 

space blocks either forward or reverse. Block space 

operations are always aborted on encountering a tape 

mark. 



THE TAPE INTERFACE MODULE Page 4-4 

4.2.3.5. Space files. This operation is required by the 

PDP-11 operating system. It is not however generally 

implemented in hardware as files are delimited in 

different ways depending on tape format. For example in 

the case of simple 'unformatted' 

in data records) tapes, files 

(no format information 

are delimited by tape 

marks, whereas in the case of ANSI format tapes, files 

are delimited by special records. As a result, the 

control of file space operations is left to software. 

4.2.3.6. Rewind. The unit must, of course, allow rewind 

operations. It should be noted that the controller may, 

unlike for all other tape operations, assume the 

success of this operation. This is done as rewind 

operations can take a considerable amount of time, and 

no error condition other than gross transport failure 

can occur. As a result the controller should be able to 

sense when the transport is executing a rewind, and 

delay any subsequent operations until this is complete. 

4.2.3.7. Off-line. The unit is set off-line when the 

tape must be changed, or other operator action is 

called for. 

4.2.3.8. Status read. The status of a particular tape 

drive may be read. 

4.2.4. Various other capabilities are desirable : 

4.2.4.1. The controller should be efficient. By this is 

meant that a minimum of time should be taken for the 

various operations. For example when spacing blocks the 
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tape should not have to stop at each block, nor indeed 

should any action on the part of the CPU be necessary. 

4. 2. 4. 2. The controller should be software intensive. 

As many as possible of the various operations should be 

performed by varying the software rather than the 

hardware. 

operation 

record or 

For example a single general hardware write 

should be capable of writing either a data 

a tape mark, simply by varying the 

programming of the controller hardware. 

4.3. Design of the tape interface module 

The various operations to be performed may be divided in to four 

sections : 

4.3.1. Status operations. These are operations which require 

little or no timing. These include status reads, rewind and 

off-line operations. The only hardware required to support 

are parallel I/0 lines and buffers. The timing required is 

limited to providing minimum pulse widths on rewind and off

line operations, which can easily be done in software 

because the maximum pulse width is not critical. 

4.3.2. Write operations. It may be seen from the diagrams in 

chapter 2 that the various write operations can all be 

performed as a single general write. A write with long gap 

only requires modified timing, and a write tape mark is 

simply a normal write block operation of only one character 

and a CRCC of all zeros. Several aspects of the timing of 

the write operation must be accurately controlled 
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4.3.2.1. Character clock. This is the basic rate at 

which characters are written to the tape transport, and 

must be generated by the tape interface module. It is 

primarily used to generate write strobes, but is al so 

used as the basic reference to set gap lengths, as will 

be explained later.The frequency of this clock is 

proportional to the tape speed, and must be accurate to 

1 % • From the discussion in chapter 2 it can be seen 

that it is necessary to change the gap between write 

strobes for the check characters. This may be achieved 

either by changing the division ratio of the character 

clock generator, or simply disabling the strobe for a 

number of character clocks. Of these two techniques the 

second is to be preferred, as it may be achieved with a 

minimal amount of extra hardware. 

The design calls for nine bits of data to be 

transferred for each character writ ten, but the OMA 

system transfers in bytes (eight bits). As a result, 

two full bytes must be transferred for. each character 

written. This means that seven extra bits are available 

for control information. Two of these bits may be used 

as strobe enables, one to enable write strobes, and one 

to enable the WARS (write amplifier reset) strobe. The 

use of OMA will be further described in a later 

section. 

Operation of this system is simple. In the case of nine 

-track operation the sequence of events is as follows : 

4.3.2.1.1. The data characters are transferred to 

the interface module, all with the write strobe 

enable bit set, so generating write strobes. 
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4.3.2.1.2. Three dummy characters are transferred, 

with no strobe enable bits set. This generates a 

gap of four character spaces as required. 

4.3.2.1.3. The CRCC is transferred with the write 

strobe enable bit set. This writes the CRCC. 

4.3.2.1.4. Three further dummy characters are 

transferred as described above, generating the 

second required gap. 

4.3.2.1.5. Finally another dummy character is 

transferred, but with it's WARS enable bit set. 

This results in the LRC being written. 

4.3.2.2. Inter-block gaps. In order to write tapes with 

the correct inter-block gaps the following time periods 

must be controlled : 

4.3.2.2.1. Time delay between starting tape motion 

(with SFC) and writing the first character. This, 

in conjunction with the position of the head as a 

result of the previous operation, sets the inter

block gap. 

4.3.2.2.2. Time delay between writing the LRC and 

deactivating the motion command. This sets the 

point at which the head will stop. 

4.3.2.2.3. Also required, for obvious reasons, is 

a counter for the number of characters to be 

written. 
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These times can be set by means of three counters in 

sequence, the first counting the start gap, the second 

the number of cha rac te rs, and the third the stop gap. 

The second counter must clearly be clocked by the 

character clock, but in fact it is advantageous to have 

all three counters clocked at this rate. The reason for 

this is that most manufacturers of tape transports set 

the start and stop times in such a way as to make them 

inversely proportional to the tape velocity. This means 

that if the counters which set the gaps are clocked 

from the character clock (proportional to tape 

velocity) the counter setting remain constant, 

regardless of tape velocity. 

4.3.3. Read operations. Read block operations are in general 

simply a matter of setting the tape in motion and waiting 

for read strobes. As each character is clocked in it is 

transferred to memory by OMA. The operation of the OMA 

circuitry will be further described in a later section. 

There are however three aspects of the timing of read 

operation that deserve attention : 

4.3.3.1. It is important that the position of the head 

after a read operation is known precisely, so that a 

possible subsequent write operation will have the 

correct inter-block gap. This means that a counter is 

required to set the delay from the end of the block to 

removing the tape motion command. 

4.3.3.2. From the above it can also be seen that it is 

important to be able to detect the end of a block 

accurately and repeatably. 
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4.3.3.3. The controller should also have some way of 

distinguishing the check characters from the data in a 

block. This is not absolutely required for simply 

reading a block and detecting errors, but is 

convenient, and is mandatory if error correction is 

contemplated. 

All of the above requirements are inter-related, and will be 

discussed once the re qui remen ts of space operations have 

been described. 

4. 3. 4. Space operations. Space ope rat ions are performed in 

hardware only for blocks. Space operations must stop on 

detecting a tape mark, and so it is necessary for the 

hardware to be able to detect a tape mark without CPU 

intervention. How this is accomplished will be discussed in 

the next section. It should be noted that space operations 

must also, as for read operations, stop with the head in a 

known position relative to the last block or tape mark 

passed. 

4.4. Format recognition 

4.4.1. In the sections above the requirements for the various 

tape operations were discussed. From these it is obvious that the 

timing module must be able to recognize certain elements of the 

tape format. These are as follows : 

4.4.1.1. Inter-block gaps. The timing module must recognize 

inter-block gaps for two purposes : 
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4.4.1.1.1. The inter-block gap terminates a read block 

operation. 

4.4.1.1.2. For space operations the blocks must be 

counted. This means that no glitches or double 

transitions can be tolerated, as these would be counted 

as blocks. 

4.4.1.2. End of file marks. The timing module must detect 

tape marks both in order to inform the controlling program 

that a tape mark was passed, as well as in order to 

terminate a space blocks operation. 

Figure 4.1. 
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4.4.1.3. Check characters. Check characters must be detected 

in order to allow error correction. Note that even if error 

detection is not contemplated, the availability of status 

information indicting whether or not a character is a check 

character not only simplifies programming, but also provides 

an extra check on data validity. 

4.4.2. In order to meet these requirements a state 

designed. This makes use of the timing signals 

transport to synchronously track at which point 

recognizer was 

from the tape 

in a block the 

tape head is. This state information is read in together with 

each input character, so allowing the program to determine 

whether a particular character is a data or check character. In 

addition this state information, when decoded and processed with 

further timing information, provides signals denoting that the 

tape head has passed over a file mark and that the tape head is 

passing over an inter-block gap. A detailed description of this 

circuit is given in section 4.6. 

4.5. DMA Logic. 

4. 5 .1. In previous sections of this chapter, reference was made 

to the use of DMA for both write and read operations. In section 

4.3.2.1. the need for to bytes of data to be transferred for 

write operations was discussed. 

minimum of nine bits eight 

Similarly for read operations a 

data and one parity) must by 

transferred for each character read from tape. As the data is 

read/written from one port, and the parity and associated 

information read/written from another port it is necessary to use 

two DMA channels for both read and write operations. 

DMA requests are generated by the tape interface card setting the 

OMA request lines active. Note that these lines do not form a 

part of SABUS, but are on an auxiliary connector on the back of 



THE TAPE INTERFACE MODULE Page 4-12 

both the CPU and tape interface card. Connection between these 

two connectors is made by ribbon cable. It should further be 

noted that as the CPU does not generate OMA acknowledge signals 

these must be synthesized by the tape controller card from the 

read and write strobes to the IO ports in question. The operation 

of the OMA system will now be described individually for read and 

write operations. 

4.5.1.1. Write operations. For write operations the OMA 

controller is set for destination synchronization. This 

means that each OMA channel will transfer a single byte from 

memory to an IO port on each occasion that the OMA channel 

in question's OMA request line is taken active. The 

destination address of OMA channel O is set to the address 

of the data output port of the tape interface module, while 

the destination address of OMA channel 1 is set to the 

address of the parity and strobe enable port. The source 

addresses of the OMA channels are set respectively to the 

address of a block of memory containing the data to be 

written, and to the address of a block of memory containing 

the parity and strobe information to be used. As soon as the 

operation is initiated, the two OMA request flip-flops in 

the tape interface module are set, taking the OMA request 

lines active. The first character, its parity and its strobe 

information is then transferred to the tape interface's 

output latches/buffers. Each write operation resets the 

appropriate OMA request flip-flop. The data stored in the 

latches is written to tape by a write strobe generated by 

the timing section. This strobe al so sets both OMA request 

flip-flops, resulting in the transfer of the next character 

and its associated information. This process continues until 

the write operation is complete. Note that as the timing of 

the write strobes is set by the timing section, rather than 

the OMA system, the only timing specification which the OMA 
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system must meet is that of maximum time from DMA request 

line active to transfer completed. 

4.5.1.2. Read operations. Operation of the DMA system for 

read operations is very similar to that for write 

operations, with certain exceptions. For read operations the 

DMA controller is set for source synchronization. This means 

that each DMA channel will read a single byte from an IO 

port in to memory on each occasion that the DMA channel in 

question's DMA request line is taken active. The source 

address of DMA channel 0 is set to the address of the data 

input port of the tape interface module, while the source 

address of DMA channel 1 is set to the address of the parity 

input port. The destination addresses of the DMA channels 

are set respectively to the address of a block of memory 

into which the data must be read, and to the address of a 

block of memory into which the parity information must be 

read. Each read strobe sets two DMA request flip-flops, and 

the character read in and its parity information is then 

transferred to the tape controller memory. Each read 

operation resets the appropriate DMA request flip-flop. This 

process continues un ti 1 the re ad ope rat ion is complete. As 

is the case for write operations, the only timing 

specification which the DMA system must meet is that of 

maximum time from DMA request line active to transfer 

completed. Note that the DMA channels remain active until 

the DMA operation is aborted by the program, once the end of 

the block being read has been reached. 

4.6. Design Description 

A block diagram of the timing module is shown in figure 4.1., and 

appendix C contains a detailed circuit diagram and circuit 
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description. The module is composed of two SABUS cards. These 

cards are connected via a 40 way ribbon cable of which two lines 

are also connected to the CPU card. These are the OMA request 

lines. Connection to SABUS is made only via the SABUS connector 

on card 1, with the connector on card 2 being used only as a 

mechanical connection. This allows both cards to be 

simultaneously debugged with only one extender card. Card 1 also 

has the write data and control connectors to the tape transports, 

while card 2 contains the read data connector. The design will 

now be described in terms of the blocks given in figure 4.1. 

4.6.1. SABUS interface. The SABUS interface's function is to 

provide address decoding, as well as buffering for the data 

bus and con tro 1 1 ines. The base address of the module is 

wire-wrap selectable. All of the components related to the 

SABUS interface are located on card 1. 

4.6.2. Output buffers. The output buffer section of the 

module provides both buffering and latching of signal to be 

outputted to the tape transports. All of these devices 

reside on card 1. This section may be further subdivided 

into three subsections: 

4.6.2.1. Data output latches. These latches latch the 

output data and parity information to the tape drives, 

as well as strobe enable information. The data and 

parity bits are buffered and transmitted to the tape 

transport, while the strobe enable bits are gated with 

signals from the timing generator to provide write and 

write-reset strobes to the transports. Data transfer to 

these latches is always by DMA, as described in section 

4.5. 
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4.6.2.2. Configuration latch. This 8-bit latch sets the 

configuration of the module. It has the following 

outputs: 

4.6.2.2.1. Drive select lines. Two bits are used 

to select the tape transport. 

4.6.2.2.2. Count select lines. These two lines are 

fed to the timing section of the module, and will 

be described in a later section. 

4.6.2.2.3. Forward/reverse select line. This line 

selects the direction of tape motion. 

4.6.2.2.4. Read/write select line. This line 

selects whether a read or a write operation is to 

be performed. 

4.6.2.3. Command output latch. It is the function of 

the command output latch to provide signals to the 

module which may be used to drive edge sensitive 

inputs. In order to achieve this a bit addressable 

latch is used, so as to allow only one bit at a time to 

be updated without raising the possibility of unwanted 

transitions on any other bit. This latch provides edge 

sensitive signals, such as the tape motion command 

lines, direct to the tape drive as well as a GO (start 

operation) and a board reset signal to the rest of the 

module. The outputs of the latch are reset to a logical 

zero by the SABUS reset signal, which sets the board 

reset active, and all other signals inactive. This 

prevents the module from generating any unwanted signal 

during power up. 
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4.6.3. Input buffers. The input buffer and latch section 

resides on card 2, and consists of two subsections : 

4.6.3.1. Data input buffers and latches. These two 8-

bit latches latch data and parity from the tape 

transports, as well as status information from the rest 

of the module. These stat us bi ts in cl ude state 

information from the format recognition section, and a 

bit from the OMA section which indicates the occurrence 

of a OMA error. This status information is stored for 

each character which is read in. The latches are 

clocked by the read strobe from the selected tape 

transport. Transfer from both these buffers is always 

by OMA, as is that of the latches used to output data 

and parity information. 

4.6.3.2. Status input buffer. This buffer buffers 

several 1 ines which are taken directly from the tape 

transports, as well as two signals from the timing 

module itself. These signal are a run signal, which 

indicates whether the module is executing a command, 

and an EOF signal, which indicates that a tape mark was 

passed during the process of the last command. Note 

that these signals are not latched, and represent the 

status of the unit at the time of the read, rather than 

at the time that the previous operation terminated, as 

is the case for the other input lines. 

4. 6. 4. Format 

section, which 

recognition section. 

resides en ti rely on 

The 

card 

function of this 

2, was described 

above. It consists e ssen ti ally of a st ate machine, timing 

circuits and state decoding logic. The state machine 

consists of three JK flip-flops and their associated gates. 

The state machine is clocked by the read strobe from the 
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tape transports, and has two inputs which indicate timing 

information. These two input are SG (short gap) and LG (long 

gap). SG is active when a strobe has not been detected for 

two character clocks, and LG when a strobe has not been 

detected for ten character clocks. Both of these signal are 

generated by programmable timers, so allowing operation with 

tape transport of various speeds. The state decoding logic 

provides two signals, the first denoting that the head is 

passing over a inter-block gap, and the second that an EOF 

mark has been passed. 

generates 

the tape 

4.6.5. Timing generation section. This section 

signals which require precision timing, such as 

motion signals and the write strobes. The timing 

consists of several sections: 

section 

4.6.5.1. Master clock. The master clock consists of a 

Colpitts oscillator, which was chosen above logic gate 

oscillators for its superior accuracy and start-up 

performance [13]. This section generates a 5 MHz square 

wave, which is used to derive all other module timing. 

4.6.5.2. Character clock generation. The character 

clock is generated by dividing the master clock by a 

programmable ratio. This signal is used to generate 

write strobes, as well as for timing purposes. 

4.6.5.3. Start counter. This counter sets the delay 

from the start of an operation to the beginning of the 

count phase of the operation. This only has real 

significance in the case of write operations, when this 

is when the first character is written. For all other 

operations this counter, although still in the timing 



THE TAPE INTERFACE MODULE Page 4-18 

chain, is set to a small nominal value. This counter is 

programmed in multiples of character clocks. 

4.6.5.4. Main counter. This counter counts either write 

strobes, read strobes or blocks, as defined by the 

count select lines mentioned in section 4.6.2.2. The 

time during which this counter is active is known as 

the count phase, and this phase may be ended either by 

the counter reaching zero or by a programmable end 

condition. This end condition is programmed by the same 

count select lines as the i terns to be counted. Three 

combinations are valid for the count select lines. 

These are as follows : 

4.6.5.4.1. Count select of 00. This value selects 

the counting of 

condition. This 

which always end 

been written. 

write strobes, and no end 

is used for write operations, 

only when all characters have 

4.6.5.4.2. Count select of 01. This value selects 

the counting of read strobes, and an end condition 

of encountering a inter-record gap. This is used 

for read block operations, 

normally terminated at the 

when the operation is 

end of a block (e.i. 

when an inter-record gap is encountered) or when 

some maximum number of characters is exceeded. 

This last condition is an error, and the operation 

is ended to avoid buffer overflow. 

4.6.5.4.3. Count select of 10. This value selects 

the counting of inter-record gaps encountered, and 

an end condition of passing a tape mark. This is 

used for space operations, where a specified 
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number of blocks must be spaced, and the operation 

must be aborted on encountering a tape mark. 

4.6.5.5. Stop counter. Once the end of an operation is 

encountered (the last write strobe generated or read 

strobe encountered), a delay must occur before the tape 

motion command is deac ti va ted, in order to ensure that 

the tape head stops at the correct point relative to 

the end of the last block or tape mark. This is 

accomplished by the stop counter, which is programmed 

in multiples of character clocks. 

4. 6. 6. DMA request generation sect ion. This sect ion 

generates two DMA request signals which are passed to the 

CPU card. The operation of the DMA system was described 

extensively in section 4.5. This section consists 

essentially of six flip-flops. The first two are used to 

generate DMA requests for write operations. The first flip 

flop generates a request signal for the data latch's DMA 

channel, and the second for the parity and strobe enable 

latch's DMA channel. Both of these flip-flops are set by 

either a write strobe (including dummy writes) or by the GO 

signal. The GO signal loads the data for the the first write 

into the latches. The flip-flops are reset by a write to 

their respective latches. The next two flip-flops perform a 

similar function for read operations, with the exception 

that the flip-flops are set only by the read strobe. The 

final two flip-flops are used to detect DMA overrun errors 

which occur in the event of a DMA cycle being required 

before the previous cycle is complete. 
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4.6. Testing the timing module 

Testing of the timing module proceeded in several steps 

4.6.1. As a first step the operation of the master 

oscillator was checked. 

4.6.2. Following this the operation of the SABUS interface 

was checked. This involved ensuring that the module was 

being addressed at the correct base address, and that all 

ports were receiving strobes. For this purpose special 

programs were written. 

4.6.3. The next step in the testing process was to check the 

timing generation section of the module. This step in fact 

proceed in tandem with the software development, simplified 

versions of the software being used to verify correct 

hardware operation. This process culminated in the 

verification (with a logic analyzer) that the timing module 

produced the correct waveforms for a write block operation. 

At this stage the operation of the DMA generation section 

was also verified. 

4.6.4. Once the operation of the timing section of the 

module had been verified the operation of the format 

recognition circuit was tested. This was done simply by 

looping the interface back by connecting the WDS, WARS and 

RDS lines. In this way the correct operation of the format 

recognition circuit was checked on the logic analyzer. 

4.6.5. Once the above were completed the module was tested 

in conjunct ion with an actual tape transport. First it was 

verified that the tape controller could read tapes that it 
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has written, and then it was verified that the controller 

could read tape written by other systems, and that the 

controller could write in a format that is readable by other 

systems. 



CHAPTER 5 

THE RSX-llM OPERATING SYSTEM 

5.1. Introduction 

RSX-llM is the operating system in use on UCT's PDPll-23 computer 

system. It is a multi-tasking, multi-user operating system, 

written and supported by Digital Equipment Corporation, the 

manufacturer of the PDP-11, and is designed to run on PDP-11 

systems which support memory management. This chapter provides a 

very brief introduction to this operating system and it's I/0 

subsystem. More information may be found in references [16], [17] 

and [18]. 

As PDP-11 systems are used mainly in industry and scientific 

applications it is important that the operating system should be 

both fast and versatile enough to allow the user to introduce his 

own hardware into the system configuration. RSX-llM has been 

designed to provide a high level of performance in computer 

systems which have relatively small memory spaces, and limited 

processing power. As a result the operating system's design goals 

have been to minimize code size, and to maximize processing 
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speed. To meet these goals the RSX I/0 system attempts to 

centralize as many as possible of the common I/0 functions, thus 

eliminating repetitive code, as well as allowing this code to be 

written as efficiently as possible. In order to achieve this 

centralization, the system makes extensive use of data tables to 

drive the centralized code, reducing substantially the the amount 

of code required for individual devices. 

5.2. I/0 system structure 

The I/0 system is structured as a loose hierarchy. The term 

'loose' here means that the hierarchy can be entered at any 

level, not just at the highest level as in a 'tight' hierarchy. 

Tight hierarchies exist primarily for reasons of security, but 

can be inefficient, and are not very versatile. The upper level 

of the hierarchy is split into two sections, privileged and non

privileged. Non-privileged tasks are normal user programs, while 

the privileged tasks are normally associated with the operating 

system itself, and cannot be executed by a normal user. Typical 

examples of privileged tasks include dismounting a disk or 

obtaining exclusive use of a peripheral device. For simplicity 

the discussion below will be limited to non-privileged tasks. 

These tasks issue I/0 requests which are processed by the 

following layers of the operating system : 

5.2.1. FCS/RMS. The File Control Services (FCS) and Record 

Management Services (RMS) are at the top of the I/0 

hierarchy. These services provide device independent access 

to I/0 devices, in the form of file access and record access 

re spe cti vely. The FCS/RMS system functions es sen ti ally by 

converting high level (Get and Put) commands into QIOs 

(Queued I/0 requests). 
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5.2.2. QIO directive. The QIO directive is the lowest level 

of I/0 which a task can request. All QIO requests are 

processed by the executive to prevent tasks from interfering 

with each other. 

5.2.3. Executive I/0 processing. Once the 

passed to the executive it it processed 

following subsections of the executive : 

QIO has 

further by 

been 

the 

5.2.3.l. An Ancillary Control Processor (ACP). An ACP 

is responsible for for maintaining file structure and 

data integrity for devices which are file structured. 

The ACP translates virtual QIOs (the block to be 

processed is specified by position relative to the file 

which contains it) to logical QIOs (block specified as 

a physic al block eg. sector 10, track 13 etc) • An ACP 

typically exists for each class of file structured 

device in the system. It should be noted that the ACP 

is a task, rather than part of the executive itself. 

5.2.3.2. Executive I/0 processing. This can be divided 

into three areas: 

5.2.3.2.l. QIO directive processing. This 

subsection of the executive provides services such 

as direct ion to the re qui red device, multi-user 

protection etc. 

5.2.3.2.2. The I/0 driver (or device driver). The 

I/0 driver provides the device dependant I/0 code. 

Also associated with each device driver are data 

tables, which provide information to the executive 

relating to the status and abilities of the 
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device. Device drivers may be either resident 

(always in the system) or loadable (only inserted 

into the system if required). The driver's 

function will be discussed in detail in a later 

section. 

5.2.3.2.3. I/0 related subroutines. As discussed 

earlier, the executive provides a wide variety of 

services to the driver. These centralized 

subroutines provide services related to interrupt 

processing, decoding of I/0 requests and the 

buffering of data. Several individual routines are 

discussed in a later section. 

5.3. The role of the device driver 

The device driver provides several services, which may be most 

easily described in terms of the driver's entry points. 

5.3.l. I/0 initiator. The executive calls this entry point 

to inform the driver that an I/0 request is waiting to be 

serviced. The device driver then makes use of the 

appropriate executive routine to obtain information on what 

the desired operation is, and then executes the appropriate 

steps in hardware to complete the operation. 

5.3.2. Cancel I/0. The executive calls the driver at this 

entry point if it becomes necessary to abort the current I/0 

request. 

5.3.3. Time-out. The device driver can establish a time-out 

count. Thi ti is decremented by the executive at regular 
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intervals, and if it reaches zero a call to this entry point 

is executed. 

5.3.4. Power failure. The executive calls the the device 

driver's power fail entry point under three conditions : 

5.3.4.l. When power is restored and an I/0 request is 

in progress or, optionally, on all occasions that power 

is restored. 

5.3.4.2. When the system is bootstrapped. A power fail 

recovery is simulated whenever the system is first 

started, allowing the driver to carry out any required 

initialization. 

5.3.4.3. When a loadable device driver is loaded. This 

is once more to allow initialization of the driver, and 

is optional. 

5.3.5. Device interrupt. An I/0 device may optionally have 

an interrupt ( or two interrupts, for a full duplex device 

such as a serial line) associated with it. The device 

interrupt is entered when the I/0 device requires service 

from the driver. This typically occurs when an previously 

initiated I/0 operation ends. 

5.4. Data structures 

Two sets of data structures are associated with the device 

driver. These are firstly static data tables used to provide 

information on the device to the executive, and secondly dynamic 
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structures, created and deleted by the executive, containing 

information specific to a particular I/0 request. 

5.4.1. Static data structures. These structures are created, 

in code, at the time that the driver is assembled. Three 

structures are used, all of which are inter-related. These 

are the Dev ice Control Block (DCB) , the Unit Control Block 

(UCB) and the Status Control Block (SCB). RSX-11 recognizes 

devices (a particular type of peripheral, for example a 

specific disk drive), units (the individual peripherals) and 

controllers (a particular controller can control more than 

one unit). The device control block is used by the executive 

to obtain information on the characteristics of the device, 

the UCB to store information relating to each individual 

unit in the system, and the SCB to store status information 

for each device controller in the system. Strictly speaking, 

another structure is used, the interrupt vector, but this 

will be discussed when interrupt handling is discussed. 

Space does not allow a discussion of all the fields in each 

structure, so only the most important will be discussed 

here. 

5.4.1.1. The DCB. At least one (and normally only one) 

DCB exists for each type of device in the system. 

Almost all of the data in the DCB is established by the 

assembly source code, and never modified. All the DCBs 

in the system form a linked list, and each DCB also 

contains a link to the driver code, as well as to the 

UCBs associated with the device. The driver itself does 

not normally use any of the information in the DCB, 

which is provided mainly to inform the executive of the 

characteristics of the device associated with it. The 

most important fields in the DCB are the following 
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5 . 4 . 1 • 1 . 1 . D . L NK . Th i s i s the 1 ink to the n ex t 

DCB. 

5.4.1.1.2. D.UCB. Link to the first UCB associated 

with the device. 

5.4.1.1.3. D.DSP. Address of the driver dispatch 

table. This is a table containing the addresses of 

the driver entry points discussed above, and is 

contained in the driver code. 

5.4.1.1.4. D.NAM. This is the two character name 

of the device eg. MT. All entry point names in the 

device driver code begin with these two 

characters. 

5.4.1.1.5. Function masks. I/0 functions under 

RSX-11 are encoded as an 8 bit code, so all owing 

256 possible functions. For general I/0 

operations, of these only one, cancel I/0, is 

mandatory and only two, attach and detach unit, 

have fixed interpretations if used. For operation 

as a file device in conjunction with RSX-11, 

however, the first 32 function codes (0-31) have 

fixed meanings. In order to aid in the processing 

of these 32 functions, four bit by bit masks 

exist, each bit in the four masks corresponding to 

a particular function code. Each mask represents a 

particular type of function, and so informs the 

executive on the appropriate action to take for 

that function. Before a function request is passed 

to the device driver, the executive examines these 

four masks to determine what action should be 

taken. This process will be further described in 
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section 5.8.3. A bit representing a function is 

set in a particular mask if the function is of the 

mask type. Each mask contains 32 bits. The 

following masks, and hence function types exist. 

1. Legal function mask. If the function bit 

in this mask is not set then the function is 

rejected. 

2. No-op function mask. If the bit is set in 

this mask then no action on the part on the 

driver is required to execute the function. 

3. Control function mask. This is a "normal" 

function. The I/0 packet is created by simply 

copying the DPS information. Any function not 

represented in the function masks (not in the 

32 most common functions) is assumed to be of 

this type. 

4. ACP function mask. Functions with the ACP 

bit set are passed to an ACP for processing. 

If the legal function bit is set for a 

function, but neither the no-op, control or 

ACP bit is set then the function is a 

transfer function. Transfer functions are 

function which require a data transfer, and 

hence have a buffer address in the I/0 

packet. 

5.4.1.2. The UCB. One UCB exists for each device unit 

in the system. Information in the UCB relates to each 

individual unit, and although established initially in 
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assembly source code is often modified by both the 

executive and driver. The UCB also con ta ins a po inter 

to the SCB associated with it. The most important 

fields in the UCB are the following : 

5.4.1.2.1. U.STS, U.ST2. These fields store the 

unit status. 

5.4.1.2.2. U.CTL. The unit control flags. This 

stores various status bits, including the UC.NPR 

bit. If this bit is set then any buffer addresses 

supplied to the driver are formatted for OMA 

transfers, else the buffer addresses are formatted 

for program transfers. 

5.4.1.2.3. U.UNIT. This stores the unit number to 

which the UCB refers. 

5.4.1.2.4. U.CWl, U.CW2, U.CW3, U.CW4. These are 

control words. Their meaning is device dependant. 

5.4.1.2.5. U.SCB. Pointer to the SCB for this 

unit. 

5.4.1.2.6. U.BUF. Address of the data buffer for 

the operation (if any). 

5.4.1.2.7. U.CNT. Size of the data buffer in 

bytes. 

5.4.1.3. The 

controller in 

SCB. One 

the sys tern. 

SCB exists for each device 

The SCB relates essentially 
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to the number of operations which can be performed 

simultaneously. If there is only one controller for a 

particular device in the system, only one operation can 

be performed at a time regardless of the number of 

units in the system. If on the other hand there are two 

controllers in the system, then two units can be 

operated on simultaneously, requiring two SCBs. Most 

information in the SCB is dynamic, although the 

structure itself is static. The most important fields 

in the SCB are the following 

5.4.1.3.1. S.LHD. The listhead of the I/0 queue. 

5.4.1.3.2. S.CTM, S.ITM. These are the initial and 

actual time-out counts. The initial time-out count 

( in seconds) is kept in S. ITM, and is copied to 

S.CTM when an I/0 operation is begun in hardware. 

A time-out occurs when this reaches zero. 

5.4.1.3.3. S.CON. Controller index. 

5.4.1.3.4. S.STS. Controller status. 

5.4.1.3.5. S.CSR. This is the base address of the 

controller hardware. The use of this field gives 

the device driver independence from the actual 

address of the hardware that it controls. 

In the particular case being considered here, a single DCB 

is used to describe the cha rac te ri sties of the tape uni ts, 

and two UCBs are used as two tape transports are to attached 

to the PDP-11. As there is only a single controller, and 

only a single serial link to it, a single SCB must be used. 
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5.4.2. Dynamic data structures. These data structures are 

created by the executive, and their operation is normally 

transparent to the driver. It is, however, necessary to have 

an understanding of them in order to fully understand the 

role of the device driver. 

5.4.2.1. The I/0 packet. The I/0 packet contains 

information from two sources 

5. 4. 2 .1.1. The QIO. Information on the requested 

I/0 operation such as the function code and data 

address are copied from the QIO DPB ( Directive 

Parameter Block) to the I/0 packet. 

5.4.2.1.2. The requesting task. Information on the 

requesting task such as its priority and the 

address of the task header are also contained in 

the I/0 packet. 

The I/0 driver does not normally access the I/0 packet 

directly, but uses executive service subroutines to 

extract information from it. 

5.4.2.2. The I/0 queue. Once the I/0 packet described 

above has been generated it is inserted into a device 

specific I/0 queue. The I/0 queue is priority ordered, 

and one such queue exists for each device controller in 

the system. The SCB associated with the device stores 

the queue's listhead. As in the case of the I/0 packet, 

the device driver does not normally manipulate the 

queue directly, but makes use of the executive service 

routines. 
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5.4.2.3. The fork list. The fork list is a mechanism by 

which RSX-11 synchronizes the access of interrupt 

driven processes to shared data bases. This is will be 

discussed further in the following section, which 

discusses interrupt handling under RSX-11 in general. 

5.5. Resident and loadable device drivers 

Device drivers may 

differences between 

discussed. 

be 

these 

either resident 

two types of 

or loadable. 

driver will now 

The 

be 

5.5.1. A resident device driver is a permanent part of the 

executive, and can only be changed at system generation 

time. This means that if it is required to change the driver 

source code or the data tables, the entire executive must be 

rebuilt. As a result of this user written device drivers are 

almost always loadable. 

5.5.2. A loadable device driver can 

removed from the system at any time. 

drivers has the following advantages : 

be inserted 

The use of 

in to or 

loadable 

5.5.2.1. Debugging is much easier as it is not 

necessary to rebuild the entire system (this takes, at 

best, several hours). 

5.5.2.2. The load task, which inserts drivers into the 

system, does a variety of checks on the integrity of 

the driver and its data tables before the driver is 

loaded. This helps in detecting errors before they 

cause problems in the system. 



RSX-llM Page 5-13 

The primary difference between resident and loadable device 

drivers is in interrupt handling. This will be discussed in 

the next section. It should be noted firstly that it is 

possible to have resident data tables and loadable driver 

code, and secondly that unloading a driver does not unload a 

data base, even if the data base is loadable. To remove the 

data base the system must be rebooted. 

5.6. Interrupt handling under RSX-llM 

As discussed earlier, each device controller can have associated 

with it an interrupt or, in case of a ful 1 duplex device, two 

interrupts, one for receive and one for transmit. 

5.6.1. The interrupt vector. When an interrupt occurs in 

hardware the LSI-11 processor will acknowledge the 

interrupt, at which point the interrupting device will 

transfer the interrupt number to the processor. This 

interrupt number forms an index to a two word interrupt 

vector in memory. The address of the interrupt vector is 

calculated by multiplying the interrupt number by four. The 

first word of the interrupt vector is the address of the 

service routine, while the second word is used to replace 

the program status word in the LSI-11 processor. The status 

word contains two important pieces of information 

5.6.1.1. The priority of the process. The LSI-11 CPU 

can operate at one of eight priorities, 0 to 7. This 

priority is encoded in three bits of the status word, 

and when the status word is replaced a new priority is 

set. This priority is always set to 7 in the interrupt 

vector. As the CPU cannot be interrupted by a device 
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with lesser or equal priority a priority 

correspond 

allows the 

to all interrupts being disabled. 

CPU to handle the interrupt without 

interrupted itself. 

of 7 

This 

being 

5. 6. l. 2. The condition code bi ts of the status word 

( the lower four bits) are normally used to encode the 

number of the controller to which the interrupt refers. 

This immediately informs the device driver which 

hardware controller it is servicing, and so also which 

SCB it should obtain information from on the nature and 

status of the I/0 operation in progress. 

5.6.2. Establishing the interrupt vector. The interrupt 

vector is established in different ways for resident and 

loadable device drivers. 

5.6.2.1. Resident drivers. For resident device drivers 

the interrupt vector is established at bootstrap time 

and cannot be altered later. The vector is coded in the 

assembly source code, and is inserted in to memory at 

the the same time as the rest of the executive. 

5.6.2.2. Loadable drivers. Loadable device drivers only 

have their interrupt vectors set at the time that the 

driver is loaded. The interrupt vector is calculated by 

the RSX-llM load task from information in the data base 

and in the driver task file. When a driver is unloaded 

the interrupt vector is set to the system nonsense 

interrupt. Note that a device driver can in fact only 

be loaded if the interrupt vector which it must use is 

set to this value. It should also be noted that because 

of the memory mapping of the driver the interrupt must 

be redirected via the executive for a loadable device 
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driver, and in fact this requirement necessitates the 

use of an executive service routine to handle 

interrupts, as will be discussed below. 

5.6.3. Programming protocol. When a device interrupts, the 

device driver is entered at the interrupt entry point. At 

this stage the CPU priority is seven, and no other process 

can obtain CPU time. As this is a multi-user, multi-tasking 

system it is of critical importance to minimize the time 

spent in which other interrupts cannot be acknowledged. The 

RSX-llM operating system in fact provides three distinct 

levels of interrupt sensitivity. 

5.6.3.1. Priority 7. This is the state described above. 

By convention processing at this level is limited to a 

maximum of 100 us. If processing can be limited to this 

time, then the driver can simply process the interrupt, 

and return with minimum overhead. Normally however this 

is not possible and it is necessary to drop to a lower 

priority level. 

5.6~3.2. The priority of the interrupting source. This 

level disallows interrupts from the same device as 

generated the interrupt, or any of lower or equal 

priority, but allows interrupts from a source of higher 

priority. Driver almost always make use of executive 

service routines to drop to this level, as this both 

simplifies coding and is in fact required by loadable 

device drivers. The service routine also routinely 

saves two of the CPU registers (R4 and RS). Processing 

time at this level should not exceed 500 us. 

5.6.3.3. Fork level. Interrupt handlers often require 

more time than is allowed by the level described above, 
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or they require access to common data areas which might 

be corrupted by unrestricted access. In general there 

are two possible systems for controlling access to data 

areas by interrupt driven software. 

5.6.3.3.1. Interrupt lockout. This system simply 

involves disabling all interrupts until the 

present interrupt has completed processing. This 

system has the advantage of being simple, and is 

the most efficient of the two systems, but is 

incapable of meeting the response time requirement 

of the system. 

5.6.3.3.2. Priority queuing. This system involves 

operating the interrupt driven software in the 

uninterruptable mode for only as long as is 

absolutely required by the nature of the device, 

and then queuing the process to allow it to 

complete processing at a later time. RSX-llM 

provides a mechanism called a fork list implement 

this system. 

A process becomes a fork process by calling the 

executive routine $FORK. When this occurs the executive 

stores a "snapshot" of the process, and queues the 

process in a first-in-first-out queue. Once the process 

has worked its way to the head of the queue the process 

is restored, and has unrestricted access to all common 

data areas. The process exists in a state between that 

of an interrupt process and that of a normal task. A 

fork process is fully interruptable, but the process is 

guaranteed sole access to the common data areas as all 

other process which might wish to access such areas 

must also make use of the fork list to obtain access. 
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This technique allows the interrupt process to spend a 

minimum of time in the uninterrupable state, but still 

get uninterrupted access to the system data areas. Note 

that no normal tasks will be run until the fork queue 

is empty. It should also be noted that this technique 

assumes that all code in the system is well behaved, 

and does not make accesses to system data tables unless 

$FORk has been called. 

5.7. Executive services available to device drivers 

In the sections above mention was made on several occasions of 

executive services available to the device driver. The most 

important of these services will now be discussed briefly. 

5.7.1. Get packet ($GTPKT). Once an I/0 packet has been 

queued, the executive calls the device driver. The driver 

then calls $GTPKT to obtain work. If work is available the 

executive dequeues the highest priority packet and sets the 

con troll er to busy. Information on the I/0 request is also 

copied to the UCB of the device for which the I/0 request is 

intended. If no work is available $GTPKT returns an 

indication of this, and the driver returns control to the 

executive. Note that no distinction is made between no work 

because the controller is busy, and no work because the I/0 

queue is empty. 

5.7.2. Get byte ($GTBYT) and put byte ($PTBYT). These two 

routines respectively get and put a byte of data to and from 

the specified data buffer. The address of the next byte is 

stored in the UCB, and these routines update this for the 

next operation. 
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5.7.3. Interrupt save ($INTSV). This routine is called by 

the driver in order to drop it's priority to that of the 

interrupting device, and to save CPU registers 4 and 5. This 

routine is normally called via the INTSV$ system macro, 

which automatically adjusts the call parameters to suit 

either a resident or loadable device driver. The INTSV$ 

macro also sets the mapping of the LSI-11 memory management 

unit. 

5.7.4. Fork ($FORK). This inserts the calling process into 

the fork queue, as discussed above in the section on 

interrupts. The driver must have called $INTSV before 

calling $FORK. 

5.7.5. I/0 done ($IOD0N). At the completion of an I/0 

request the $IOD0N routine is called to inform the executive 

that the I/0 request is complete. The driver returns two 

words of status information, describing the results of the 

I/0 operation, which are returned to the task which issued 

the I/0 request. The routine also sets the SCB status to 

idle. When $I0DON completes, the driver executes a call to 

$GTPKT to see if there is more work in the queue, and only 

if the queue is empty does it return control to the 

executive. 

5.8. Flow of an I/0 request 

In order to describe how the various parts of the RSX-llM I/0 

system fit together, the flow of a typical I/0 request will now 

be described. For the purposes of this discussion it will be 

assumed that th is is the only current I/0 request, and that no 

errors are encountered. 
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5.8.1. The task issues an I/0 request. The executive checks 

to see that the I/0 request has been directed to a valid 

unit, and that no redirection is required. If redirection is 

required the executive traces the redirection path until the 

target device's UCB is located. Various other checks on the 

validity of the I/0 request are then done, and the status 

return area is cleared. 

5.8.2. The I/0 packet is created. The executive obtains an 

area of dynamic storage, and creates the I/0 packet from the 

I/0 request's DPB (Directive Parameter Block). 

5. 8. 3. The executive validates the fun ct ion. The requested 

function is one of four types, as discussed in the section 

describing the DCB. The DCB' s function masks are used to 

decide the function type, which is then processed further as 

described below. 

5.8.3.1. Control functions. These are simply queued to 

the driver. 

5.8.3.2. No-op. A function which is set as a no-op does 

not require driver processing, and is hence simply 

processed to completion by the executive. 

5.8.3.3. ACP. ACP functions are queued to the 

appropriate ACP, which then reissues the request as a 

series of functions which can be performed by the 

driver. 

5.8.3.4. Transfer functions. Transfer functions are 

checked for valid data buffer addressing, and then 

queued to the driver. 
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5. 8. 4. Driver processing. Once the above steps have been 

accomplished the driver is called, which then calls $GTPKT 

to obtain work. Once the driver obtains this work it 

initiates the required operation in hardware, and returns to 

the caller to wait 

requiring interrupts 

the I/0 done section 

for an interrupt. 

continue directly from 

(see 5.8.6.). 

5.8.5. Interrupt processing. When the 

interrupts, the interrupt causes a direct 

interrupt code of the driver. The driver 

through the various levels of interrupt 

Ope rat ions 

this point 

not 

to 

I/0 process 

entry into the 

will then go 

processing as 

described above, and either continue to the next section, or 

issue a further I/0 operation in hardware and continue to 

wait for this to complete. 

5.8.6. I/0 done processing. When the I/0 operation is 

complete the driver calls $IODON as described above. The 

executive returns the results of the I/0 operation to the 

requesting task, and the driver is then ready for the next 

I/0 request. 



CHAPTER 6 

THE DEVICE DRIVER 

6.1. Introduction 

This chapter discusses in detail the device driver written for 

the tape transport con troll er. The previous chapter provided a 

basic description of RSX-llM, and of the general requirements for 

any device driver. This chapter wi 11 concentrate on the the 

requirements of the particular driver required for the tape 

transports, and will also lead in to the discussion of the 

software imbedded in the actual tape transport controller. 

6.2. Requirements for the driver 

Several requirements for the device driver have been mentioned in 

previous chapters. These are listed below, as are several other 

features which would be desirable : 
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6.2.1. The driver must, of course, meet the requirements for 

device drivers under RSX-llM as described in the previous 

chapter. 

6.2.2. The device driver must, as far as possible, emulate a 

known tape transport/controller combination. The controller 

chosen for 

manufactured 

follows : 

this purpose was the TM-11 controller, 

by DEC. This emulation can be summarized as 

6.2.2.1. The device driver must execute the same set of 

instructions as the original controller. 

6.2.2.2. The device driver must provide the same status 

returns as the TM-11 controller. It is very important 

that the driver should return both the same status 

words and and should affect the tape units 

characteristics bits in the same way, under both normal 

and error conditions. In practice we can expect that 

this goal will not be totally achievable as the TM-11 

and the controller to be designed are physically very 

different. 

6.2.2.3. The device driver must appear identical to MT

drive ( the device driver used in conjunction with the 

TM-11 controller) as far as the operating system is 

concerned. As discussed in the previous chapter, the 

executive obtains information on the characteristics of 

the device from the drivers data tables. These tables 

should obviously be the same as the TM-ll's tables, or 

at least as close as is possible, given the differences 

between the devices. 
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6.2.3. The device driver should be as compact as possible. 

There are several reason for minimizing the drivers code 

size : 

6.2.3.1. Limited space is available for loadable device 

drivers. 

mapped 

register 

loadable 

All loadable device drivers under RSX-llM are 

onto kernel APRS. As each memory mapping 

can access only SK bytes of memory all 

device drivers in the system must have a total 

size of less then 8 K bytes, or must modify the system 

memory map when they execute. As altering the system's 

memory map is both difficult and time consuming it is 

desirable that the driver should take up a minimum of 

storage space. 

6.2.3.2. The device driver should use as little of the 

PDP-ll/23's CPU time as possible. Much of the drivers 

code is executed with interrupts locked out, making it 

important to minimize code size, and execution time. 

6.2.3.3. It is also desirable to have a minimum of code 

to debug. As driver code is always privileged, and 

executes as part of the executive, any error will 

almost inevitably cause a system crash. Another factor 

to be considered is that because the driver executes as 

part of the executive one runs the risk of introducing 

subtle bugs in to the system which can cause crashes 

apparently unrelated to the driver. 

6. 2. 4. The driver should be coded in such a way as to 

maintain DEC's coding standards. There are two reasons for 

this. Firstly although we have discussed only RSX-llM, 

several other operating systems and versions of operating 

sys terns exist to run on several di ffe rent versions of the 
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basic PDP-11 processor. Maintaining DEC's coding standard 

eases the task of porting the device driver to another 

system. A typical example of one of these considerations is 

that of memory management. Conventionally device drivers do 

not manipulate memory mapping registers, but leave this to 

the system utilities described in last chapter. This ensures 

that the device driver will not need to be rewritten to run 

on a system which does not provide memory mapping. A second 

reason for maintaining DEC's coding standard is to allow 

future programmers to easily compare this device driver to 

standard device drivers, and so ease the task of possible 

updates at a later date. For this reason the same general 

layout and form of commenting was used for the device driver 

as is used in standard system drivers. 

6.2.5. The driver must provide the protocol required to 

ensure that the data link to the tape controller is 

reliable. The data link between the host computer and the 

tape controller is a serial link. It is the responsibility 

of the device driver to control this link. This aspect of 

the device driver will be discussed in detail in the 

following section. 

6.3. The serial link 

6.3.1. Objectives. The serial link must transfer blocks of data 

between the PDP-11/23 and the tape controller. A typical sequence 

would involve the PDP sending a command block (for example read 

block) and the tape controller responding with status information 

and any data. A protocol must be devised which will allow this 

block level transfer to take place. Ideally, this would simply 

involve the host transmitting it's command block, and then 

receiving the controller's reply block. In practice several 
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problems relating to the characteristics of both the physical 

line and the host computer must be overcome. 

6.3.2. Characteristics of the serial link. The serial data link 

between the host system (the PDP-11/23) and the tape controller 

is an RS-232 link. The full RS-232 specification makes provision 

for several lines, including several for flow control. In 

practice most of these line are not used. The ground, received 

data and transmitted data lines are the only lines implemented by 

the serial interface in use on the PDP-11, as well as being the 

only lines wired from room to room in the department's data 

di str ibut ion sys tern. The device driver must fulfill two 

requirements as regard the serial lines: 

6.3.2.l. Flow control. Any real computer system can only 

accept a certain amount of data in a particular amount of 

time. It is thus necessary to provide some form of control 

over the flow of data from one device to another. In some 

RS-232 links this is done by the hardware lines mentioned 

above, but for most systems (including the PDP-11) this done 

by software. A typical system which is widely used is the so 

called XON/XOFF protocol. This works essentially by having 

the receiving device transmit an XOFF character to stop data 

transfer, and an XON character to resume data transfer. 

6.3.2.2. Error control. Under ideal conditions data could 

simply be put onto a line, and would emerge at the other end 

in exactly the same form. For real lines this is not so. For 

the PDP-11 in particular two main problems exist: 

6.3.2.2.1. Line noise. Any real data line is subject to 

errors due to electrical noise, requiring some form of 

error detection/correction. RS-232 lines are 

unbalanced, and so especially sensitive to ground 
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noise. Line noise normally will result in one or more 

bits in a character being corrupted. This is normally 

detected by a parity bit in each character, and most 

USART chips can be programmed to include a parity bit 

automatically. Parity bi ts can however only detect · a 

single bit error per character. 

6.3.2.2.2. Lost characters. In the case of the PDP-11 

(and most multi-user systems) an additional problem 

arises. All serial interfaces interrupt at the same 

priority, and hence a new interrupt will not be 

recognized until the device driver becomes fully 

in terruptable. As discussed in the previous chapter a 

device driver is allowed to operate at the priority of 

the interrupting device for 500 us. A serial line 

operating at 9600 baud delivers characters at 

approximately 1 ms intervals. This means that at most 

TWO serial devices can operate at full speed under 

RSX-llM assuming that the device driver uses its full 

allocation of time. As the PDP-11 currently has 24 

serial 1 ines attached it is obvious that if several 

lines are operating at full speed (for example running 

file transfer programs) characters will be lost. 

Equally obviously error detection by character parity 

will not help, as entire characters will be lost. 

By far the most commonly used solution both to flow 

controlling the link and to error control is to acknowledge 

either each character, or each group of cha rac te rs. 

Acknowledging each character has the advantage of simplicity 

and a very high level of reliability, but is very 

inefficient. This technique is in fact used by DEC for some 

PDP-11 peripherals (such as DD-drive, a dual tape cassette 

system) as it is very effective for dealing with the PDP's 
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lost character problem as described above. Acknowledging 

groups of characters (typically 64 to 256 per group) is far 

more efficient, but requires more complex software. In this 

case it was dee ided to use group acknowledgement, in order 

to maximize link throughput. These groups are normally known 

as frames and their related protocols are known as frame 

protocols. As digital data transmission has grown in 

importance so much research has gone in to various forms of 

frame protocol. It is not the purpose of this thesis to 

become embroiled in an analysis of all the available 

techniques, and so only the the technique to be used will be 

discussed here. 

6.3.3. Line protocol. Most modern digital data communication 

systems distinguish between several levels or layers in the 

system. The basis of this approach is to have the same layers in 

both the receiver and transmitter. Communication can then be 

modeled at each level as a link to the level in question's 

opposite number in the receiver. Layers below the level in 

question are viewed as a virtual communications channel, the 

characteristics of this channel depending on the layer under 

discussion. This process culminates in the lowest level, known as 

the physical layer, in which this link is in fact a physical 

link. This technique has the significant advantage that layer can 

be changed, as long as the layer to layer interface is constant. 

This approach is also often used to aid in understanding a 

communication system, and indeed several standard representations 

(such as the ISO model) [14] have been devised. 

6.3.3.1 Layers. In this case it is useful to recognize four 

layers, although our definitions will bear only superficial 

resemblance to most generally used models : 
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6.3.3.1.1. The physical layer. This layer is the actual 

physical interface between the host and the controller. 

At present this is the RS-232 link as described above. 

6.3.3.1.2. The link layer. This layer is involved with 

the tr an sm i s s ion o f frame s • Th i s i s done by means o f 

the physical layer. The responsibilities of the link 

layer include error detection and flow control. 

Complete frames are passed to the next higher layer, 

together with error information. Note that although the 

frame may contain errors this will be signaled to the 

block layer for appropriate action. 

6.3.3.1.3. The block layer. This layer makes use of the 

link layer in order to transmit and receive complete 

blocks of data. Blocks consist of an arbitrary number 

(limited only physical constraints of available memory) 

of bytes of data. This layer passes complete error free 

blocks to the application layer, and is roughly 

equi val en t to the transport layer in the ISO model 

[ 15]. 

6.3.3.1.4. The application layer. This is the layer 

which actually uses the data. In the case of the host 

system this is the operating system, and in the case of 

the controller this is the module which translates host 

commands into tape motion. 

The split as described above is not exactly in accordance 

with the layers of the ISO model [14,15], but was designed 

for maximum efficiency in this particular application. 

Ideally each layer ( except the physic al layer) should be 

implemented as a separate layer of software. In the 

controller this is done, but in the device driver this would 
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be futile as the device driver is already the lowest level 

in the operating system, itself a layered system. 

6.3.3.2. The link layer. The physical layer has already been 

discussed in section 6. 3. 3 .1. , and it remains now only to 

describe the link layer and the block layer. The link layer 

has the following features : 

6. 3. 3. 2 .1. Each block of data ( in this case a command 

to, or reply from the tape controller) is split into a 

number of frames. In general these frames may be either 

of fixed size, or of variable size. Fixed frames are 

padded with dummy characters where necessary, and the 

frame normally contains a field specifying how much of 

it is "real" data. Variable length frames use some 

predefined sequence of characters to denote the end of 

the frame. In this case it was decided to use variable 

length frames as the majority of the commands and 

responses required are short (typically six bytes) and 

the use of fixed length frames would result in the 

transmission of a large amount of unused information. 

Data transparency is achieved by character stuffing. 

Each frame thus consists of control characters and from 

zero to some maximum number of characters. An optimal 

value for this number may be calculated, based on 

factors such as the error rate of the channel and the 

time taken to recognize that an error has occurred 

( indeed this may be done adaptively) but in practice 

some reasonable number is normally selected. In this 

case a maximum frame size of 64 characters was chosen 

firstly in order to minimize the size of the local 

frame buffers in the device driver, and secondly to 

minimize the time taken to recover from a line error. 
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6.3.3.2.2. Operation of the link is identical at the 

frame level regardless of whether the block to be 

transmitted originates from the host or the tape 

controller. The sequence of events for a frame transfer 

is as follows. A data frame is transmitted by either 

the host or the tape controller. When this is received 

the receiving device transmits an acknowledge frame. 

Acknowledge frames are special purpose frames which 

carry no data but are used only to reply to data 

frames. The acknowledge frame may be either a positive 

or negative acknowledge depending on whether the data 

frame contained any errors. If the transmitting device 

receives a negative acknowledge frame the data frame 

will be retransmitted. The transmitting device also 

contains a timer, which is used to retransmit a frame 

if no acknowledgement is received within some specified 

time. If a positive acknowledge is received then the 

next frame is sent, unless the previous frame was the 

last in the block. This is known as an Automatic 

Request Repeat Protocol. 

6.3.3.2.3. Each data frame also contains a frame 

number. This is to prevent data from being duplicated 

in the received block in the event of positive 

acknowledge frame being lost or corrupted, resulting in 

a retransmission of a frame which was correctly 

received. This frame number is counted modulo two as 

only one frame can be outstanding at any one time. Note 

that each acknowledge frame contains the number of the 

frame which it is acknowledging. 

6.3.3.2.4. Errors are detected by a combination of 

three techniques. These are as follows: 
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1. Line error detection. This involves the 

detection of errors such as overruns and framing 

errors. These errors are detected by the hardware 

used to send the data stream. 

2. In val id character sequences. As discussed 

earlier the start and end of frames are signaled 

by particular character sequences. Any invalid 

sequence results in the frame being discarded. 

3. CRC codes. Each frame has, as the last two 

characters, a 16 bit CRC. The polynomial chosen is 

CCITT-16, which detects all burst errors of less 

than 16 bi ts, and more than 99. 99% of all other 

errors [15]. 

Further error detection capability could be added by 

transmitting parity information with each character. 

This was however not implemented as not only would 

parity be of quest ion ab le value in 1 ight of the error 

detecting capability of the CRC, but it would require 

modification of internal jumpers in the PDP-11 system, 

and so make the serial channel in question incompatible 

with conventional terminals. 

A complete description of the format of all frames may be 

found in appendix D. 

6.3.4. Block format. The link level protocol described above 

allows the transfer of an arbitrary block of data to and from the 

tape controller. Note that a block orig in at ing from the 

controller will always be in response to a block from the host. 

Note also that the format of command blocks (to the controller) 
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and response blocks (from the controller) must be different, but 

that this is, of course, transparent to the frame protocol. 

Obviously it is necessary to decide on the format for command and 

reply blocks. As discussed earlier, it was decided to do as much 

as possible of the required processing in the controller in order 

to unload the host system to as great an extent as possible. To 

th is end it was dee ided simply to transfer the con ten ts of the 

PDP-11 I/0 packet to the tape controller with as little 

manipulation as possible. Similarly the reply block contains 

status returns in a format as near as possible to that required 

by the PDP-11' s I/0 system. This results in block formats as 

follows 

6.3.4.1. Command block. The command block consists of the 

following fields 

6.3.4.1.1. Opcode. This is an 8 bit byte which contains 

a 6 bit command code (such as read block, write block 

etc.) as well as two bits which indicate whether 

retries are suppressed, and whether or not the mounted 

tape is ANSI formatted. 

6.3.4.1.2. Unit number. This is a byte which indicates 

the logical unit number of the tape transport to which 

the command refers. 

6.3.4.1.3. Tape status in. This word contains the 

status byte of the tape unit in question. The contents 

of this word are as described in appendix D. 

6.3.4.1.4. Count in. This word can contain three 

different pieces of information, depending on the 

command. These are as follows : 
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1. For read and write operations this field 

contains the byte count for the operation. Note 

that for read operations this is the expected 

count value, and if the actual value is greater 

than this an error must be reported. 

2. For space operations this field contains the 

number of files or blocks to be spaced in twos 

complement form. 

3. For status set operations this field contains 

the new status value. Note that only certain bits 

may be altered by the operating system. The 

controller must for example prevent the operating 

system from attempting to operate the tape drives 

as seven channel units. 

6.3.4.1.5. The next and last field contains data for 

write operations. This may consist of up to 8192 bytes 

of data. This field is not used for any other command. 

6.3.4.2. Reply block. The reply block consists of the 

following fields : 

6.4.3.2.1. Tape status out. This word contains the 

status byte of the tape unit in question. The contents 

of this word are as described in appendix D. 

6.4.3.2.2. Count out. This word can contain two 

different pieces of information, depending on the 

command. These are as follows : 
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1. For read and write operations this field 

contains the byte count for the operation. 

2. For space operations this 

number of files or blocks to 

complement form. 

field contains the 

be spaced in twos 

6.4.3.2.3. Return code. This field contains the return 

code for the operation which is passed to the operating 

system. The various possible returns are described in 

appendix D. 

6.4.3.2.4. The next and last field contains data for 

read operations. This may consist of up to 8192 bytes 

of data. This field is not used for any other command. 

6.4. The device driver code 

6.4.1. The device driver code consists of two distinct sections, 

the first being the executable code (the driver itself) and 

secondly the driver's associated data tables. These two sections 

will now be described. The description below should be read in 

conjunction with the listings in appendix E and the discussion of 

the device driver's role in the previous chapter. 

6.4.l.l. The executable code. 

be described in terms of 

The executable code may best 

the various entry points as 

described in the previous chapter. 

The software is simple in concept. The sequence of events is 

as follows, assuming that only one I/0 request is active, 
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and that no errors occur. An I/0 request is generated and 

the I/0 driver called. After initialization, the first frame 

is transmitted. Once this is acknowledged the next frame is 

sent. This process continues until the last frame in the 

command block has been transmitted and acknowledged. The 

device driver then waits for the first frame of the reply 

block, and acknowledges this and any subsequent frames. Once 

the last frame in the block has been received the driver 

passes the contents of the reply block to the executive, and 

waits for the next I/0 request. 

The most important part of the device driver is that which 

is responsible for the frame protocol. It has been shown 

[15] that in general the most reliable and testable 

technique with which to implement a communications protocol 

is via a finite state machine. This has the advantage that 

as the machine can only have a finite number of states, 

testing is limited to ensuring that the machine responds 

correctly to all possible input conditions in each state. A 

further advantage of this approach is that only the code 

directly concerned with any particular state is executed in 

that state. This normally results in code which is close to 

optimal in terms of execution speed and size, without the 

programmer having to pay undue attention to these aspects in 

the program design. This approach has been taken for both 

frame transmission and reception. 

A detailed description of the code will now be presented, in 

terms of each entry point 

6.4.1.1.1. 

MAINI in 

executive 

I/0 initiator. 

the listing, is 

calls the the 

proceeds as follows : 

This 

the 

entry point, labeled 

point at which the 

device driver. Processing 
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1. The device driver executes a call to $GTPKT. 

$GTPKT first checks to see if the requested device 

is busy, and that there is work for it. It is 

necessary to check for work as the driver executes 

a jump to this en try point on completing an I/0 

request to check for further work. 

2. If there is work then the driver proceeds to 

check the request for validity. The labeled tape 

and retry suppress bits, which are transmitted to 

the controller as part of the opcode field, are 

first set up, and then the opcode is checked 

against a table of valid opcodes. Assuming the 

request to be valid for magtapes, the driver then 

proceeds to check that the operation is not 

invalid due to a previous power failure. If the 

operation is a rewind then the power fail bit is 

reset. The opcode is then added to the labeled 

tape and retry suppress bits set up earlier, ready 

for transmission. 

3. The device driver then proceeds to set up to 

transmit the block to the controller. The opcode, 

tape status and count value are 

frame buffer, and the code falls 

frame setup section. 

copied to the 

through to the 

4. The frame set up routine (at label NEXTFRM) 

proceeds to set up the frame by filling the frame 

buffer with data (if any), and setting the frame 

start and stop characters. Note that NEXTFRM is 

entered only once the previous frame has been 

successfully transmitted. 
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5. The frame send routine (at label SENDFRAME) 

transmits the frame in the frame buffer. Note that 

this routine is used for both data and acknowledge 

frames. Executing this routine without setting up 

a new frame results in the retransmission of the 

previous frame. If the frame is a data frame then 

the frame retry counter is checked to see that the 

maximum retry limit for the frame in question has 

not been reached. If this limit has been reached 

then the driver will return an error code to the 

executive. Note that this routine also sets up to 

receive a reply frame, as well as set ting up the 

timeout count value described in section 5.4.1.3. 

If a timeout occurs, then control is passed to the 

timeout entry point described in section 

6.4.1.1.7. Once this set up procedure has been 

completed the routine checks to see if the 

transmitter is busy. If so the transmit interrupt 

is enabled and the driver returns control to the 

executive, and waits for an interrupt indicting 

that the transmit data port is empty. If the 

transmitter is not busy then the first character 

of the new frame is placed in the transmit data 

port, following which interrupts are enabled and 

a re turn executed. In either case further 

processing is via the interrupt system. This will 

be described in the next section. 

6.4.1.1.2. The output interrupt. This interrupt occurs 

on each occasion that the transmit data port becomes 

empty, assuming that the the transmit interrupt is 

enabled. When this interrupt occurs processing proceeds 

as follows : 
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1. The priority is immediately dropped to that of 

the interrupting device. Once this is done, the 

base address of the transmit data port is obtained 

from the SCB. This is done to allow the device 

driver code to be independent of the actual 

hardware address, as well as to allow the driver 

to operate several identical device controllers, 

each of which will reside at a different hardware 

address. Note that in this case no provision has 

been made for operation with more than one 

controller, although the device driver code could 

easily be modified to provide this capability. 

Note that this means that in order to change the 

serial port used by the tape controller only the 

data tables, and not the driver code must be 

modified. 

2. The driver then executes an indirect jump via 

the state table, indexed on the transmitter state. 

This transmitter state value is held in storage 

local to the device driver, and is modified on 

each pass through the device driver. This indexed 

jump is exactly analogous to a high level 

language's case statement as follows : 

case transmit state of ..•••• 

Execution then proceeds to the appropriate section 

of code for the current state. These states are 

discussed in appendix D. 

The code specific to the state in question stores 

the character to be transmitted on the stack, and 

a jump is executed to the common exit code, which 
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transmits the character in quest ion, as wel 1 as 

calculating the CRC using a logic operation 

technique similar to that described by Perez [23]. 

This technique is used as it provides an optimal 

combination of compact code and speed of 

operation. 

3. Once the entire frame has been transmitted two 

possible courses of action are available to the 

driver: 

3.1. If a response is required from the 

controller the driver will enable the receive 

interrupt and wait for a response frame. 

3.2. If the previous frame was the 

acknowledge frame for the last frame in a 

reply block then the driver will proceed to 

its final processing routine. Only if this is 

the case is a fork executed. This will be 

described in a later section. 

6.4.1.1.3. Input interrupt. This interrupt occurs on 

each occasion that the receive data port becomes empty, 

assuming that the the receive interrupt is enabled. 

When this interrupt occurs processing proceeds as 

follows : 

1. The priority is immediately dropped to that of 

the interrupting device. The base address of the 

receive data port is obtained from the SCB, and 

the received character is read in. This occurs 

exactly as was the case for the transmit 
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interrupt. The CRC is then calculated using the 

same logic operation technique used for the 

transmit interrupt. 

2. The driver then executes an indirect jump via 

the state table, indexed on the receiver state. 

Processing then proceeds in a similar fashion to 

that for the transmit interrupt. The various 

states are discussed in appendix D. 

3. Once a complete frame has been received it is 

examined to determine the appropriate action as 

follows : 

3.1. If the received frame is a negative 

acknowledge then a branch to SENDFRAME is 

executed in order to repeat the previous 

frame. 

3.2. If the received frame is 

acknowledge then a branch to 

a positive 

NEXTFRM is 

executed in order to transmit the next data 

frame. If no further data is to be 

transmitted then the the driver will wait for 

the first frame of the reply block. 

3. 3. If the received frame is a data frame 

then if there is an error in the frame a 

negative acknowledge frame is set up and a 

branch to SENDFRAME executed to send this. If 

there was no error then a positive 

acknowledge frame is set up, the data in the 

frame copied to the appropriate pl ace (the 
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first three words of the first frame to 

status storage, all other data to the block 

buffer) and a branch to SENDFRAME executed. 

6.4.1.1.4. Final processing. Once the acknowledge frame 

for the last data frame in the reply block has been 

transmitted, then the status information previously 

stored is loaded into the appropriate registers, and a 

call to the executive routine $I0DON is made. This 

informs the executive that processing of the current 

I/0 request is complete, and returns the results of the 

I/0 operation. A branch to MAINI is then executed to 

check for further work, as described above. 

6.4.1.1.5. Driver cancel entry point. This function 

(called at label MACAN) is basically ignored by 

magnetic tape drives. However if a a timeout occurs 

after a call to the cancel entry point then the I/0 

operation will be aborted. This allows the user to 

abort an I/0 operation more quickly than would be the 

case if it was necessary to wait for a complete set of 

retries to be attempted. The cancel entry point simply 

sets a status bit which may be examined by the timeout 

code. 

6 .4 .1.1. 6. Power fail en try point. On en try to this 

routine the power fail status bit is set, but only if 

this feature is supported by the executive. The code at 

this entry point is only included if the global symbol 

P$$RFL is defined. This symbol resides in the system 

definition file, and indicates the executive 

configuration. 
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6.4.1.1.7. Timeout entry point. If the time out count 

set up as described in section 6.4.1.1.1 reaches zero, 

then the executive executes a call to this entry point. 

The code at this en try point checks the status bit 

referred to in section 6.4.1.1.5. to see if an abort 

was requested as described above. If an abort was 

requested, it aborts the operation, returning a status 

code indicating th is to the executive. If an abort is 

not required then the previous frame is retried unless 

the maximum number of retries have been exceeded. 

6.4.1.2. The data tables. As discussed in the previous 

chapter it is essential that the data tables for the device 

driver should be as similar as possible to those for the MT

DRV, as the executive obtains most of its information on the 

characteristics of the device from these tables. In practice 

it has been possible to make MADRV's data tables identical 

to those of MTDRV, with one exception. This is in the 

setting of the UC.NPR bit in the UCB. This bit indicates to 

the executive in which of two formats the address of the 

data buffer should be presented to the driver. If this bit 

is set then the pre sen ta tion is suitable for an NPR device 

(that is a No Processor Request device, DEC's way of 

referring to a device which transfers data by way of OMA), 

and if it is not set then the presentation is suitable for a 

device which will make use of the executive routines for 

data transfer. As MTDRV makes use of OMA this bit is set in 

its data tables. In the case of the driver under discussion 

here, program transfer techniques are used and so the bit 

must not be set. 

6.4.2. Building the device driver. The device driver is assembled 

and built as described in reference 16. A complete listing of the 

commands used is supplied in appendix G. 
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6.5. Testing the device driver 

6.5.l. This section describes only the initial testing which 

could be done without the use of the tape controller. Information 

on the testing of the entire system will be presented in a later 

chapter. The initial testing may be split into several steps : 

6.5.1.1. Loading the device driver and it's associated data 

tables. As discussed earlier, the processor used to load the 

device driver executes a variety of checks on the validity 

of the the driver and it's data base. 

6.5.1.2. The validity of the data tables were further 

checked by displaying the status of the driver by the MCR 

command DEV. This displays the status of the driver, and any 

devices associated with it, based on the information found 

in the data tables. 

6.5.1.3. The MCR was used to generate I/0 requests to the 

driver, and the output on the serial line monitored on a 

terminal. The basic operation of the transmitter routine was 

verified in this way. Si nee no response was generated, the 

operation of the timeout facility was also tested. 

6.5.1.4. As the next step, reply frames were manually 

generated on a terminal. Both correct and incorrect frames 

were simulated, and the response of the driver verified. 

6.5.1.5. Finally a program was written (in RTL2) which 

allowed the generation of I/0 requests with arbitrary 

function codes, as well as to display the drivers status 

returns. This allowed the verification of the driver's 
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ability to reject illegal commands, as well as checking the 

status as returned by the driver for various I/0 operations. 



CHAPTER 7 

THE TAPE CONTROLLER SOFTWARE 

7.1. Introduction 

7.1.1. This chapter discusses the software which is imbedded in 

the tape controller. Previous chapters have described the 

hardware which makes up the tape controller, as well as the 

software used by the host system to communicate with the 

controller. The de script ion of the imbedded software has been 

left until last as the software can be viewed as an interface 

between the host software and the controller hardware. This view 

is especially apt as, for reasons described in the previous 

chapters, both the host software and the controller hardware were 

designed to be as simple as possible, and the maximum number of 

functions left to the controller software. 

7.2. Requirements 

The technical requirements for the imbedded software have in the 

main been defined by the previous chapters, which described the 



TAPE CONTROLLER SOFTWARE Page 7-2 

hardware and the host software, and need not be repeated in 

detail here. The main points are however worth repeating, 

together with some new material. 

7.2.1. Firstly, and obviously, the software must provide the 

emulation of the tape transport discussed previously. 

7. 2. 2. The con troll er must al so provide diagnostics 

functions. These should not only be included as a matter of 

good engineering practice, but will be indispensable should 

the controller ever be upgraded to operation on a LAN. 

7.2.3. Facilities to allow the user to execute certain 

operations on the tape under local control are desirable. A 

major disadvantage of the serial data link used to connect 

the controller to the host computer is speed. This problem 

can be substantially reduced by allowing the user to access 

the tape controller in local mode. For example, tapes can be 

duplicated at far higher speed in local mode than if all 

data first had to be transferred to the host and then back 

to the controller. 

7.2.4. The software written for the controller should follow 

good software engineering practices. Since the introduction 

of microprocessors the importance of software has increased 

dramatically both from the point of reliability and cost. As 

the number of products which incorporate microprocessors 

have increased, so has the realization among project 

managers that software has become both the most significant 

reliability problem, as well as the worst controlled cost 

factor. This has lead to a general desire to use the 

principles of engineering to improve programming practice. 

The next section will discuss this, among other issues. 
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7.3. Software structure 

7.3.1. Use of a high level language. It has been shown 

conclusively [19] that programming effort, as well as the number 

of bugs in the completed code are directly related to the number 

of source lines in a program. Programming effort may in fact be 

modeled as follows 

where 

MM = 

Km = 

KDSI = 

Ke = 

MM= Km(KDSI)Ke ( 7 . 1 ) 

Effort in man-months. 

Multiplicative factor, the value of which depends 

on the type of software and the model in use. For 

advanced models this factor is the product of 

several factors K1 .. K, where each K represents a 
n n 

different factor ( or driver, for example 

programmer competence). 

Number of thousands of delivered source 

instructions in the final product. 

Exponential factor. This is also dependant on the 

type of software and the model in use. Factors of 

greater than one indicate a diseconomy of scale, 

and factors of less than one indicate an economy 

of scale. 

Several models exist of this general form (at least 11 to the 

author's knowledge), but the choice of variable names above above 

is for a generalized version of COCOMO (Constructive Cost 

Model) [19], of which several specific versions exist, each with 

different coefficients. COCOMO is claimed (by its authors) to be 

the most accurate of its type, and is backed up by a considerable 
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amount of statistical data. It should be noted that certain 

restriction exist for this model, notably that is it not useful 

for code sizes of less than approximately 2000 DSI. We will only 

discuss the basic COCOMO model here. For this model three modes 

of software development are recognized. 

7.3.1.1.1. Organic mode. The major characteristics of the 

organic mode are that the specifications of the project are 

relatively flexible, and that the environment is relatively 

stable. An example of this would be the reduction of 

experimental data on a mainframe. For this mode Km= 2.4 and 

Ke = 1.05. 

7.3.1.1.2. Embedded mode. The major characteristic of the 

embedded mode is that the specifications of the project are 

very tight, normally defined by hardware or other 

essentially unchangeable characteristics. An example of this 

would be an aircraft collision avoidance system. For this 

mode Km= 3.6 and Ke= 1.20. 

7.3.1.1.2. Semidetached mode. This mode is a combination of 

the first two modes, and is used where the project is a 

combination of organic and embedded mode characteristics. An 

example of this would be an operating system. For this mode 

Km= 3.0 and Ke= 1.12. This project can probably best be 

modeled in semidetatched mode, al though the embedded mode 

characteristics of the project predominate. Note that the 

more advanced versions of COCOMO do not make the rather 

ar ti fie ial split in to modes, making use of various drivers 

to provide a single model which is continuous. 

An examination of equation 7 .1 leads directly to the use of a 

high level language, in order to minimize the number of source 

instructions. At the time that this project was begun the choice 
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of languages was limited to one, Intel's Pascal-86. Fortunately 

this language is very well suited to use in this role, as it 

produces compact code, and makes special provision for producing 

software which is modular. In practice the use of high level 

languages for embedded software, and especially for systems in 

which the the code is to reside in ROM, has not proved as 

successful as might be hoped. This stems largely from the 

difference between the use of these languages on a host system, 

and their use on a target system. 

Program development is normally done on some form of a host 

system (in this case an Intellec development system) which runs 

editors, compilers, linkers etc. Once the program has been 

developed it is transferred to the target system ( in this case 

the tape controller). Very often it is possible to execute the 

high level code on the host, either because the host contains the 

same CPU as the target system (as the Intellec does) or by making 

use of another similar compiler which generates code for the 

host. Unfortunately there are certain problems related to the use 

of high level languages in applications requiring imbedded 

software 

7. 3 .1. 2 .1. High level languages can often not be used to 

provide all required functions. For example Pascal-86 does 

not allow access to the address of a variable, which is 

required for programming 

module. Once a programmer 

DMA registers for the timing 

is forced to write even a smal 1 

amount of code in assembler it is a great temptation to 

write all the code in assembler. 

7.3.1.2.2. Bad compiler documentation. Most high level 

languages are used on a host system, and are hence writ ten 

for an environment where the entire program is in RAM, and 

all IO is done via an operating system. This results in 
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compilers which are not documented for use in any 

environment other than the host, and testing is al so of ten 

perfunctory for applications in environments other than the 

host. During the development of this project two versions of 

Pascal-86 were used, both of which had serious flaws in 

their documentation as regards 

than the host, and one of 

use in a target system other 

which (the later version!) 

contains a bug which renders code generated under a 

particular memory model useless for programming into ROM. 

The faults are described in detail in appendix H. 

7.3.1.2.3. Many of a compiled language's advantages 

disappear when used on a target system. In the past there 

has seldom been any attempt to install the language's run

time system on a target system, so seriously reducing the 

high level language's usefulness. A language's run-time 

system is responsible for all environment dependant features 

of a language such I/0, error handling and memory 

management. The ease of use of a high level language may to 

a large extent be ascribed to three factors, each of which 

requires the use of the language's run-time system : 

1. Run time error messages. When using a compiler on a 

host system the user may expect run time error messages 

(divide by zero etc.) which aid considerably in fault 

location, as these not only tell one what happened, but 

al so often contain information as to where the error 

occurred (line number etc.). When a high level language 

is used on a target system however an error normally 

results in a system which simply ceases to respond. 

2. Use of I/0 library routines. 

system, 

transfer. 

I/0 library routines are 

These library functions 

When 

used 

free 

used on a 

to allow 

the user 

host 

data 

from 
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the task of format conversion, as well as making it 

to locate very 

bugs. 

simple to insert 

When a high level 

trace instructions 

language is used on a target 

system not only must the user write format conversion 

routines, but the inclusion of trace instruction can be 

a major undertaking. 

3. Standardization. When a high level language is used 

on a host system the user can normally write a program 

in a standard form, primarily by making use of the I/0 

library discussed above. This has two advantages: 

3.1. Familiarity. The programmer will be familiar 

with the instructions used, and as discussed above 

will be able to use standard instructions to 

obtain trace information. 

3.2. Modules may be tested on the host system. If 

only standard instructions are used in a module 

then the module may be tested on the host system, 

without the requirement to transfer the software 

to the target system. This is not only speeds up 

program development, but allows the user to make 

use of debugging tools on the host, which are not 

normally available on the target system. 

7. 3 .1. 3. There is little to be done about the problems of 

compiler suitability and documentation described above, but 

a technique does exist to retain the advantages of 

standardization and I/0 library use discussed above. All of 

Intel's compiled languages make use of a common run-tine 

system, which may be replaced by the user. This allows the 

user to effectively install the language on a target system, 

and hence have access to all the language features which 
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depend on the run-time system. The run time system for Intel 

languages consists of three sections, arranged in a loose 

hierarchy: 

7.3.1.3.1. Run time library. This section, which is 

always present, contains the all support code which is 

re qui red by the language under al 1 circumstance, such 

as the procedures used to support various language 

features, for example set manipulation. This section is 

language specific, and provides the interface between 

the language and the other two sections, which are the 

same regardless of language. 

7.3.1.3.2. Logical Record System (LRS). This section 

provides I/0, memory management and error handling 

facilities to the language. Intel provide two LRS 

modules for their languages. One is designed for use on 

systems which contain an operating system, and provides 

run-time support by calls to the Universal Development 

Interface (UDI) which will be described in the next 

section. The second Intel supplied LRS is designed for 

use on a bare machine, and provides no run-time 

support. This is known as the null version, and simply 

provides status re turns indicating that run-time 

facilities are not available. 

7.3.1.3.3. Universal Development Interface (UDI). This 

section of the run-time system provides similar 

services to that of the LRS, with the addition of 

functions which are specific to an environment which 

contains an operating system, for example obtaining 

parameters contained in the command line which invoked 

the program. Note that although some form of LRS is 

always present, even if it is only the null version, 
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the UDI exists only in applications involving an 

operating system. Intel supply a single UDI for use 

with the ISIS operating system used on the Intellec 

development system, in order to allow Pascal-86 

programs to execute on the Intellec. If the target 

system contains an operating system then the user will 

write a new UDI, and make use of the Intel supplied LRS 

referred to above. If however the target environment 

does not include an operating system then it is usual 

to replace the LRS rather than the UDI, so reducing the 

run-time system to only two sections. 

7.3.1.4. The user written LRS. As a result of the above 

consideration it was decided to write a LRS to install the 

Pascal-86 run-time system on the SABUS kit to be used as the 

tape controller. It was decided to give the LRS the 

following characteristics : 

7.3.1.4.1. I/0 devices. The use of a serial terminal as 

I/0 device for local-mode control of the tape 

controller was discussed earlier. In order to implement 

this, it was decided to install this terminal as the 

default I/0 device for the run-tine system. This means 

that the terminal will behave precisely as would the 

screen/keyboard combination on the host system, so 

allowing program modules to be tested on the 

development system very easily. It was decided not to 

install either the tape drives or the data link to the 

host as I/0 devices both because the run time system 

allows only a limited number of I/0 functions which 

have fixed in te rpretat ions, and because both the data 

link and the tape transports require relatively 

sop hi st icated error recovery, to which the LRS 

environment is poorly suited. 
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7.3.1.4.2. Error messages. It was decided to route all 

run-time error messages to the terminal, once more 

increasing the similarity between development work on 

the host system and on the target system. 

7.3.2. Modularity. A study of the values which Ke takes on in the 

COCOMO models given in equation 7 .1 shows that the larger a 

program, the larger the amount of effort required to produce a 

sing le 1 ine of code. The larger the factor Ke in equation 7 .1, 

the more significant this diseconomy of scale becomes. Values of 

Ke for other published models vary considerably ( from 0. 91 

(economy of scale) to 1.81) but the majority of models (all 

except for two) show similar diseconomys of scale. 

This di seconomy of scale comes about for several reasons, the 

most significant of which is that of interaction. Consider for 

example an entity with N objects in it. Between these N objects 

there are N(N-1)/2 possible paths of communication. Although 

programs do not show anywhere near as great a level of 

interaction as this it can be said that the more code there is, 

the more interrelationships there are for the programmer to keep 

track of, and hence the more difficult the program is to 

understand and hence to write. This immediately suggests that by 

minimizing interaction, we can "beat the system", and so minimize 

programming effort. Consider for example the case of 8 objects in 

one module (28 possible paths of communication) versus 8 objects 

evenly split be tween two modules ( 12 internal paths of 

communication plus a certain number of inter-module paths). This 

can be achieved by programming in modular form, and by 

application of the technique of information hiding[20]. 

Information hiding, an extremely important concept in modern 

software engineering, can be described as the process of limiting 

as much information as possible to the smallest number of modules 

possible. This has two major advantages : 
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7.3.2.1. The interface between modules will be as simple as 

possible, and so the programmer will only need to know this 

definition, and the contents of the module on which he is 

working. 

7.3.2.2. Information on the hardware can be limited to only 

one module. If this is done then in the event of 

modification to the hardware only one module will need to be 

changed. 

7.3.3. Structure. As may be expected the goal of information 

hiding can come into conflict with the goal of writing as much 

as possible of the code in a high level language and the goal of 

small module size. In this case it was decided to keep all 

information on the nature of each hardware subsystem in an 

individual 

Pascal-86. 

assembler 

Further to 

module, and write 

this it was also 

all other modules 

dee ided to split 

in 

the 

various layers of the data communication protocol into separate 

modules. This resulted in a system consisting of seven distinct 

modules, structured in a loose hierarchy. Of these modules six 

are user written, while one is the Pascal run-time library as 

supplied by Intel. This structure is shown in figure 7 .1., and 

consists of the following modules : 

7.3.3.1. Initialization module. This is by far the shortest 

of the modules, consisting only of the code required to 

initialize the 80188 CPU chip. 

7.3.3.2. Main module. This module, written in Pascal, is the 

main program. It has responsibility for implementing the 

local operations mode 

blocks from the host 

commands. 

and for the translation of command 

system into low level tape motion 
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7.3.3.3. Tape control module. This module, written in 

assembler, translates the low level tape motion commands 

generated by the main module into I/0 interaction with the 

timing module hardware. 

TAPE 
CONTROL 
MODULE 

i 

l 

JNITIALIZA TION 
MODULE 

MAIN 
MODULE 

RUN 
TIME 

LIBRARY 

LOGICAL 
RECORD 
SYSTEM 

Figure 7. l. 

BLOCK 
COMMUNICATIONS 

MODULE 

FRAME 
COMMUNICATIONS 

MODULE 

7.3.3.4. Block communications module. This module, written 

in Pascal, implements the block layer of the communications 

protocol. It function by passing blocks to and from the main 

module, and frames to and from the frame communications 

module. 
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7.3.3.5. Frame communications module. This module is the 

lowest level in the data communications subsystem, and is 

involved with the control of the physical layer (the serial 

line). It is written in assembler. 

7.3.3.6. Pascal run-time library. This is supplied by Intel, 

and provides language specific run-time support. The 

existence of this module is essentially transparent to the 

user, and for most purposes it can simply be regarded as 

part of the Pascal modules. Note however that this module 

remains constant in size regardless of the size of the 

Pascal modules which it serves. 

7.3.3.7. 

provides 

The 

the 

LRS. This 

run-time 

discussed above. 

module, written 

environment for 

in assembler, 

Pascal-86, as 

7.3.4. Memory Model. Pascal-86 allows programs to be compiled 

under one of four different memory models, each of which are 

suited to different environments. These are the small, medium, 

compact and large models. The choice of memory models is highly 

technical, and is significant only in that it defines the length 

of pointers to data and whether short of long procedure calls are 

used. It is only necessary to point out that in this case the 

compact model was used, as it provides compact code, but 

assembler modules used to interface to compact Pascal modules can 

still be easily executed on the Intellec development system (this 

is not the case for the small and medium models). Memory models 

are extensively discussed in reference [21]. 

7.3.5. Use of software interrupts. In order to preserve the 

hierarchical structure of the software, the only form of 

communication allowed from a lower level to an upper level is a 

software interrupt. This interrupt informs the higher level 
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module that some significant event has occurred, and that a call 

should be executed to the module which generated the interrupt. 

7.4. Detailed software description 

7.4.1. The initialization module. 

The address decoding of the CPU card is configured by registers 

internal to the 80188 microprocessor. As a result it is necessary 

to initialize these registers before any other code is executed. 

This module resides at the microprocessor's reset vector, and so 

execution begins with this module whenever the tape controller is 

powered up or is reset. The module simply consists of a string of 

word output operations, followed by a jump to the start of the 

main module. 

7.4.2. The Logical Record System (LRS). 

Only those features of the LRS which are actually used in this 

application will be described here. Further information may be 

obtained from reference [21], [22]. The LRS consists of several 

procedures which are called by the run-time library, in addition 

to a certain number of data tables. These procedures may be 

divided into four sections. These are control procedures, I/0 

procedures, Except ion handler procedures and memory management 

procedures. 

7.4.2.1. Control procedures. Control procedures, of which 

there are three, are involved with the initialization and 

orderly shut-down of the LRS. These procedures are the 

following : 
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7. 4. 2. 1.1. TQINIT IAL IZE. This procedure is called in 

order to initialize the LRS, as well as to set the 

address of the default exception handler. In this case 

all the data area status flags are set to indicate that 

the data areas are unused, and the address of the 

exception handler is set by a call to TQSETERH. Both 

the function of the data areas and the exception 

handler will be described in a later section. 

7.4.2.1.2. TQGETPRECON. This procedure is called to set 

connections between a name used in the program and a 

physical file. As this is not required in this 

application this procedure is not used. 

7.4.2.1.3. TQEXIT. This procedure is called when a 

Pascal program encounters an END statement. In this 

case a message indicating that this has occurred is 

sent to the terminal, fol lowed by a jump to the reset 

vector of the CPU. 

7.4.2.2. Input/Output support. All Pascal-86 I/0 operations 

are directed to logical files, which may in fact be either 

data files controlled by an operating system or a physical 

I/0 device. I/0 support consists of a set of device driver 

procedures for each file, procedures to connect logical 

files to a set of device drivers and procedures to create 

data structures used by the run-time system to control I/0 

operations. I/0 support for the LRS is considerably 

different to that used for most other systems in that rather 

than a single device driver per device, Intel make use of a 

set of device driver procedures. Each of these procedures 

performs a specific I/0 operation. This set of device driver 

procedures consists of twelve procedures of which one is 

currently unused. Note that one set of device driver 
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procedures can support more than one file. For each file 

name encountered in a program, the run-time system expects 

to be provided with a pointer to a table which contains the 

addresses of these twelve procedures. The run-time system 

hence main ta ins only a single pointer per file, and when 

necessary executes an indirect call to the procedure which 

executes the requires function. It is the responsibility of 

the user to supply both the set of procedures and the table 

of addresses of these procedures. These procedure form part 

of the LRS. Note that a set of procedure must be supplied 

for each file used by the program, but that the same set may 

be used for many files. 

7.4.2.2.1. Data structures. Two data structures are 

used by the run time system : 

1. File device descriptors. A block of memory 

called a file descriptor is required to store 

attributes of an active file. Each file descriptor 

is 48 bytes long, of which the first 16 are 

available for use by the device driver associated 

with the file. This memory space is allocated by 

the TQFILEDESCRIPTOR procedure to be described 

later. It is in this space that the address of the 

table of device driver procedures, among other 

information, is stored. Note that no information 

is inserted into the descriptor block by any user 

supplied code. 

2. Device driver tables. A device driver table is 

an array of pointers to the en try points of the 

twelve device driver procedures required for each 

device supported by the run-time system. The 

function of each individual device driver will be 
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discussed in a later section. Note that unlike the 

file descriptor block, the user must initialize 

this table, which is only read by the run-time 

system. 

7 .4. 2. 2. 2. Connection procedures. Two procedures are 

involved with the allocation of memory for file 

descriptor and the connection of device drivers with 

files: 

1. TQFILEDESCRIPTOR. This procedure is called by 

the run-time system before each file is opened to 

supply space for a file descriptor, as described 

in section 7.4.2.2.1. In the LRS written for the 

tape controller this routine can supply only two 

statically declared descriptors, as required for 

the standard Pascal INPUT and OUTPUT files. Note 

that both of these files in fact re fer to one 

device, the serial port. 

2. TQDEVICE. This procedure determines which set 

of device drives is to be used for a particular 

file. The procedure has as parameter the name of 

the file, and expects the address of the device 

driver table for the file in question to be 

returned. As in this case only one set of device 

drivers exists, this routine always returns the 

address of a table containing the address of the 

device driver procedures associated with the 

serial port. Note that this is an instance of two 

distinct files (INPUT and OUTPUT) making use of 

the same set of device driver procedures. 
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7.4.2.2.3. The device driver procedures. The device 

driver procedures consist of eleven procedures, each of 

which perform a specific I/0 operation. One set of 

these drivers exists for each device in the system. In 

this particular case only seven of the procedures 

actually perform a useful function. Note that although 

two files exist, only one set of device driver 

procedures are used to process all I/0 operations. 

The Intel run-time system operates on records and 

files. Records and files may be delimited by whatever 

form of separator is appropriate for the file or 

device. In the case of text files the end of record 

mark is normally a CR or CR-LF pair, as is the case 

here. The LRS is also expected to maintain a file 

pointer, which marks the character at which the next 

I/0 operation will begin. This pointer does not 

necessarily point to the beginning or end of a record. 

In this case the LRS buffers a line until the CR key on 

the terminal is pressed, and also allows line editing 

via the Backspace key. Note that as the only I/0 device 

used is a terminal, no end-of-file is defined, and 

hence the LRS will never return end-of-file status. 

Each of the eleven device driver procedures will now be 

discussed briefly: 

1. OPEN. The run-time system calls OPEN before 

performing any I/0 operation of a file. In this 

case the serial link is initialized, and the input 

line buffer flushed. 

2. CLOSE. This procedure is called to close a 

file. This call is ignored by the LRS. Note that 

this·procedure is in fact called twice by the run-
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time system, as is OPEN. This occurs bee a use the 

same set of device driver procedures are used to 

support two files (INPUT and OUTPUT), both of 

which are opened and closed. 

3. READ. This procedure reads a specific number of 

bytes from a file. The procedure begins by 

checking to see if there is data in the line 

buffer. If not a call is done to local procedure 

Get line in order to obtain a line of input. The 

specified number of characters are then passed to 

the run-time system. If the end of the line is 

encountered before the required number of 

characters can be passed then a status return 

indicating this is returned along with the number 

of characters actually transferred. 

4. WRITE. This procedure is called to write a 

specific number of characters to the output file. 

In this case these characters are simply outputted 

via the local procedure Conout. 

5. SEEK. This procedure is called to set the file 

pointer for applications which make use of random 

access files, and is not used in this case. 

6. SKIP. This procedure is called to move the file 

pointer to the beginning of the next record. In 

this case the line buffer is emptied, and if it is 

already empty then the next line is read in. 
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7. END RECORD (E_o_r). This procedure is called to 

write a record end sequence. A CR-LF pair is sent 

to the terminal. 

8. REWIND. This procedure is called to set the 

file pointer to the beginning of the file, and is 

not used in this application. 

9. BACKSPACE. This procedure is called to set the 

file pointer to the beginning of the previous 

record, and is not supported. 

10. END FILE (E_o_f). This procedure is called to 

write an end-of-file mark. No action is taken. 

11. GET FILE INFORMATION (File_info). This 

procedure is called to obtain information on the 

current file pointer position and the file length. 

This is not required in this application and dummy 

data is returned. 

7. 4. 2. 3. Except ion handler procedures. The Pascal-86 run

time system makes provision for the exception handler to be 

varied during program execution. Two procedures in the LRS, 

in addition to the actual exception handler, implement this 

ability. 

7.4.2.3.1. TQSETERH. This procedure is called to 

establish the new exception handler. The procedure's 

only parameter is the address of the handler, which is 

stored for use by TQGETERH. Note that the default 

handler is set by a call from TQINITIALIZE, and that in 
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this particular application it is in fact never 

changed. 

7.4.2.3.2. TQGETERH. This procedure is called by the 

any procedure in the run-time system which has an error 

to report. TQGETERH supplies the most recent handler 

address as set by TQSETERH. 

7.4.2.3.3. Exception handler. The exception handler 

written for the LRS simply writes a message to the 

local mode terminal containing the error code ( these 

are explained in reference [21]) and the address from 

which the exception handler was called. Note that this 

address is only valid if the error in question did not 

corrupt the stack. The corresponding Pascal line number 

may be found from this address by consulting the 

locator map file. Note also that these error messages 

should never appear during normal operation of the tape 

controller. 

7.4.2.4. Memory management procedures. Memory management 

procedures are used for the Pascal-86 heap (A heap is the 

standard Pascal dynamic memory area, which is used to 

support the NEW and DISPOSE functions), as well as to obtain 

memory for the run-time system (although this is not 

documented, version 3 of the compiler re qui res it) . Note 

that Pascal-86 actually handles memory management for the 

small memory model in a different fashion to the technique 

described here, which is used for all other memory models. 

Two memory management procedures are used : 

7.4.2.4.l. TQALLOCATE. This procedure is called in 

order to obtain a block of memory. The version written 
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supplies a single block as required by the run-time 

library, and then no further memory. 

7.4.2.4.2. TQFREE. This procedure is called in order to 

free a previously allocated block. No action is taken 

in this case. 

7.4.3. The Tape Control Module. 

7.4.3.l. The tape control module consists of a number of 

procedures which control the tape transport interface. These 

procedures all have certain features in common 

7.4.3.l.l. All of the procedures are written to be Pascal 

callable. 

7.4.3.1.2. The operation of the procedures, and specifically 

the choice of status flags, have been chosen to be as close 

as possible to that of the DEC TM-11 tape controller. 

7.4.3.1.3. None of the command procedures return status 

information directly. Status returns for all operations are 

obtained by calling procedure Cntrl status, which returns 

the status flags as set by the last operation performed. 

7.4.3.1.4. Operations which result in data transfer make use 

of two buffers. One of these, which con ta ins the data, is 

supplied by the calling program. The address of this buffer 

is a parameter of all procedures which make use of data 

transfer. The other buffer, which contains parity and strobe 

information on write operations, and parity and state 

information on read operations, is local to the tape control 

module. The supplied buffer must always be 8 bytes longer 
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than the actual data length, in order to al 1 ow for check 

characters which are inserted into the buffer by the tape 

control module. 

7.4.3.2. The module may best be described in terms of the 

procedures which it contains : 

7.4.3.2.1. Procedure Init_tape. This procedure is called in 

order to initialize the controller module. It's main 

function is to set the modes of the programmable timer chips 

in the timing module, but it also checks that the module is 

disabled. Init_tape is normally only called once only, prior 

to other procedure. 

7.4.3.2.2. Select. This procedure is called in order to set 

the physical unit number of the tape transport to which 

subsequent operations refer, as well as to set the timing 

parameters for the tape transport in question. Once this has 

been done the procedure need not be called until the user 

wishes to operate on another unit. 

7.4.3.2.3. Erase_tape. This procedure is called in order to 

erase a tape from the present tape position to the EOT tab. 

It operates simply by set ting the timing module in to write 

mode, and then setting the tape in motion. Once the EOT tab 

is detected then the motion command is removed. This 

procedure is an exception among the procedures which cause 

tape motion in that no data transfer takes place, and the 

programmable timers play no part in the operation. 

7 .4 .3. 2.4. Read block. This procedure is called to read a 

block of data from tape. The procedure begins by calculating 

the settings for the DMA registers, sets these, and then 
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executes the operation. Once the operation completes, the 

procedure checks for hardware errors, and then checks that 

no greater than the requested number of characters were 

transferred. If no errors are detected the procedure then 

loops through all the characters read in, checking each one 

for parity, and calculating the check characters. These 

check characters are then compared to those read in, and the 

appropriate status flags set. The procedure then resets the 

timing module hardware and returns to the caller. 

7.4.3.2.5. Write block. Procedure write block is called in 

order to to write a block of data to tape. Firstly the 

programmable timers are set up, and then the parity, strobe 

enable and check characters are inserted into the buffers by 

local procedure Fill. Following this a call is executed to 

procedure Wr_prim, which actually executes the write. 

7.4.3.2.6. Write_with_long_gap. This procedure is called to 

write a block with a long inter-record gap. Execution 

proceeds exactly as for procedure Write block except that 

the timer value for a long gap is used to set up the 

programmable timer, rather than the normal setting. 

7.4.3.2.7. Write EOF. This procedure is called in order to 

write an EOF mark. A this procedure is very similar to 

procedure Write block, except that dummy data is set up in a 

local buffer, and no call is done to procedure Fill. The 

basic Write operation is however still performed by local 

procedure Wr_prim. 

7.4.3.2.8. Space. procedure space is called in 

space the tape by a certain number of blocks. 

proceeds essentially by setting up the. counters, 

the operation and then calculating the number 

order to 

Operation 

executing 

of blocks 
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actually spaced. This last step is necessary as the space 

operation will be terminated on encountering either a tape 

mark, the BOT tab or in the event of a time-out. Note that 

space operations of only one block are treated as block 

reads rather than space operations. This is necessary as the 

counters used in the hardware cannot count only one 

transition. 

7.4.3.2.9. Cntrl status. Procedure Cntrl status is called in 

order to obtain the most most recent tape controller status. 

The procedure executes by simply checking the hardware 

status, updating the status bits and returning the results 

to the caller. 

7.4.3.2.10. Off line. This procedure is called to set the 

selected tape transport off-line. This is achieved by 

strobing the appropriate line on the interface. 

7.4.3.2.11. Rewind_tape. This procedure is called in order 

to rewind the tape on the selected unit. As in the previous 

procedure, this is achieved by strobing the appropriate line 

on the interface. Note that this is the only procedure which 

causes tape motion but does not wait for this motion to 

cease. 

7.4.3.2.12. Set_RTH_high. This procedure is called in order 

to set the selected tape transport' s read threshold high, 

for read-verify operations. The procedure simply sets the 

interface line to it's active state. 

7.4.3.2.13. Set_RTH_low. This procedure is called to set the 

read threshold to its normal value, and is almost identical 

to the previous procedure. 
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7.4.3.2.14. Diag. This procedure is called in order to 

supply diagnostics information about a particular character 

in the read data buffer. Information supplied is the state 

of the format recognizer at the time that the byte was read, 

and whether or not the character contained a parity error. 

Note that this information is only valid if the previous 

operation was in fact a block read operation. 

7.4.3.3. Local procedures. The tape control module contain three 

local procedures which deserve further explanation : 

7.4.3.3.1. Wait for end. This procedure is used by all 

procedures which wait for an operation to cease before 

returning. This procedure loops until either the tape 

transport reaches the BOT tab, the run bit in the timing 

module goes inactive or no activity has been detected from 

the tape transport for a predefined amount of time. Note 

that the first and last conditions described are in fact 

error conditions. 

7.4.3.3.2. Fill. Procedure Fill is called in order to insert 

parity, strobe enable and check character information into 

both the supplied and local buffers. Operation proceeds by 

simply looping through all the characters to be written, 

inserting the parity and strobe enable information into the 

local buffer and calculating the check characters. The check 

characters are then inserted into the data buffer, together 

with dummy characters for spaces and the appropriate strobe 

enable information in the local buffer. 

7.4.3.3.3. Wr_prim. This procedure executes a basic write 

operation on a block of data which already has its strobe 

and parity bits and check characters set up. Execution 

proceeds by setting up the DMA registers and then executing 
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the operation. Once the write is complete a check is done 

for hardware errors and then a return is executed. 

7.4.4. The frame communications module. 

7.4.4.l. The 

controlling 

frame communications module 

the physical data link to the 

is responsible 

host computer. 

for 

The 

module receives and transmits data frames to the host system, and 

is responsible for error detection. Note however that this module 

is not responsible for error correction, which is handled by the 

next layer of software (by means of frame retransmission). Both 

the transmit and receive data functions are implemented by means 

of interrupt driven routines. In addition to procedures for 

receiving and transmitting frames this module also contain 

certain other routines related to the control of the data link. 

Routines are provided to set the baud rate of serial channels, 

and to provide a time-out function for the next layer of 

software. The module consists of five procedures which may be 

called from higher layers of software, and three interrupt 

handling procedures. 

7 .4 .4. 2. Interface procedures. The frame communication modules 

interface to other modules is via five procedures. These will now 

be described 

7.4.4.2.l. !nit corns. This procedure is called in order to 

initialize the frame communications module. The interrupt 

vectors are set, the serial link hardware initialized and 

the receive buffer emptied. Following this the timer in the 

80188 CPU used to generate clock tick interrupts for the 

time-out counter is set up. Finally the interrupt controller 

is initialized, and the interrupts enabled. 
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7.4.4.2.2. Set baud. This procedure is called to set the 

baud rate on either of the two serial channels. The divider 

ratio to be loaded into the programmable timer used to 

generate the baud rate is found from a look-up table, and 

this value loaded into the timer. 

7.4.4.2.3. R frame. Procedure R frame is called in order to 

obtain a complete frame which has been assembled by the 

receive interrupt handler. When a frame has been received 

the interrupt handler generates 

inform the block communications 

block communication module then 

a software interrupt 

module of this fact. 

executes a call to 

to 

The 

this 

procedure in order to obtain the frame. The procedure copies 

the frame data and information as to the type of frame 

received as well as an error flag to the calling module, 

sets the frame buffer status to empty, reinitializes the 

check character storage location and then returns to the 

caller. 

7.4.4.2.4. T frame. This procedure is called in order to 

transmit a frame to the host system. A check is first done 

to ascertain whether a frame is already being sent. If so 

the procedure simply waits until this is complete. The frame 

to be sent is then copied in to local storage, the check 

character calculation routine initialized and the transmit 

interrupt enabled. Frame transmission is then completed by 

the transmit interrupt handler routine. 

7.4.4.2.5. Set timer. The time-out value to be used is 

simply loaded into local storage. This value will be 

decremented by the timer interrupt routine to be described 

later, and an interrupt generated if the count reaches zero. 
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7.4.4.3. Interrupt handling procedures. The frame communications 

module makes use of three interrupts, which are central to its 

operation. These are the following : 

7.4.4.3.1. Received character interrupt. This interrupt, 

which is handled by procedure Rec_interrupt, occurs whenever 

a character has been received by the serial port. The 

character is checked for transmission errors, and then 

loaded into a circular buffer. A call to procedure Asm frame 

is then executed, unless Asm_frame is already busy in which 

case the receive interrupt is enabled and a return executed. 

Procedure Asm frame assembles characters from the circular 

buffer into frames. Operation of this procedure is very 

similar to that of the receiver section of the PDP-11 device 

driver described earlier with the exception that CRC 

generation is done via a table look-up technique similar to 

that described in [23]. The table look-up technique is used 

in this case as memory usage is not as critical as is the 

case in the PDP-11. Procedure Asm frame signals the arrival 

of a complete frame by a software interrupt which wil 1 

result in a call to procedure R_frame as described earlier. 

Note that procedure Asm frame will continue processing until 

the circular buffer is empty. 

7.4.4.3.2. Transmit interrupt. This interrupt occurs on each 

occasion that the transmit buffer of the serial port is 

empty, and is handled by procedure Tx int. Processing is 

very similar to the transmit interrupt section of the PDP-11 

device driver previously discussed. Once processing is 

complete the transmit interrupt is re-enabled and a re turn 

executed. 

7.4.4.3.3. Timer tick interrupt. This interrupt occurs on 

each occasion that a timer tick interrupt occurs ( this is 
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set to 30 Hz by the initialization routine). The interrupt 

is handled by procedure Time_int, which decrements the count 

if it is positive. If the count reaches zero then a software 

interrupt is generated to signal to the block communications 

module that a time-out has occurred. The initial value of 

the count is set by procedure Set_timer, and the timer may 

be disabled by setting this count value to zero. 

7.4.5. The block communications module. 

7.4.5.1. The block communications module is responsible for the 

transmission and reception of blocks of data. Blocks are split 

into frames, and these are transmitted and received by the frame 

communications module. Error control is the responsibility of 

this module and is achieved by means of frame retransmission. The 

module consists of three procedures which may be called from 

higher layers of software, and two interrupt handling procedures. 

7.4.5.2. Interface procedures. The block communications module 

contains three procedures which may be called by other modules: 

7.4.5.2.1. Init block IO. This procedure 

to initialize the module, as well 

is called in order 

as 

communications module. The procedure initializes 

the 

the 

frame 

frame 

module, zeros the frame numbers, and sets the interrupt 

vectors for the two interrupt handler procedures. 

7.4.5.2.2. Block out. This procedure is called in order to 

transmit a block of data. The block to be transmitted is 

copied into local buffer space, the first frame obtained and 

then sent. Further frames will be sent only once the current 

frame is acknowledged. This is done by the frame received 

interrupt handler, to be described later. 



TAPE CONTROLLER SOFTWARE Page 7-31 

7.4.5.2.3. Block in. Procedure Block in is called in order 

to obtain a received block, and is cal led in response to a 

block received interrupt generated by the frame received 

interrupt handler. The block is simply copied to the calling 

module, and the block buffer reinitialized. 

7. 4. 5. 3. Interrupt handler procedures. The block communications 

module contains two interrupt handling procedures. Both of these 

interrupt are generated by the frame communications module. 

7.4.5.3.1. Frame received interrupt. This interrupt is 

generated by the frame module once a complete frame has been 

received. The frame is fetched, and then the appropriate 

actions is taken dependant on the frame type. If an ACK 

frame is received and is correct the next frame is sent. If 

the frame contains an error, or a NAK frame is received the 

previous frame is repeated. If a data frame ( START 

character) is received then if it is correct it is added to 

the block buffer and a ACK frame returned. If the data frame 

contains an error a NAK frame is returned. 

7.4.5.3.2. Time out. This interrupt occurs when the timer 

reaches zero as a result of the host not acknowedgeing a 

frame. This simply results in the previous data frame being 

repeated. Note that there is no limit on the number of times 

that the frame may be repeated as the tape controller can 

take no useful action in the event of link failure. 

7.4.6. The Main Module. 

7 .4 .6 .1. The main module is the heart of the tape con troll er 

software, and performs two distinct functions: 
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7.4.6.1.1. Implementation of the local operations mode. This 

mode, which was described earlier, allows the user to 

perform various tape operation without host system 

intervention. This is done by means of commands which are 

entered interactively at a local terminal. This mode of 

operation is entirely menu driven in order to make its use 

as simple as possible for the casual user. The operation and 

capabilities of the tape controller in this mode are 

described in full in appendix A. 

7.4.6.1.2. Operation in slave mode. The main module is also 

responsible for decoding and executing command sent to the 

tape controller by the host system. The procedure 

responsible for this function is designed to emulate the TM-

11 tape controller, as was discussed earlier. This procedure 

executes in response to a block received interrupt generated 

by the block communications module. 

7.6.2. The two functions described above were included into the 

same module because they share a number of data structures and 

procedures as well as having a number of features in common. The 

module can best be described in terms of the main program and the 

interrupt handler. 

7. 6. 2. l. Main program. The main program beg ins execution 

once the initialization module described in section 7.4.l. 

has completed. The default timing parameters of the tape 

drives are set up, as is the logical to physical unit number 

correspondence. The address vector for the block received 

interrupt is then set up and the various other modules 

initialized. A message is then sent to the local terminal 

informing the user that to enter local mode the enter key on 

the terminal should be pressed. The main program then waits 

for this to occur, or a block received interrupt to occur. 
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Block received interrupt are handled by procedure Block rec, 

which will be described later. 

If the user presses the enter key on the terminal then the 

tape controller enters local operations mode. Interrupts are 

first disabled to ensure that blocks from the host will not 

disrupt the local operations. The user is then prompted with 

a variety of menus as described in appendix A. Once the user 

has completed his operations (choice 6 of the main menu) the 

interrupt are re-enabled and the controller once more waits 

for the user to request local mode or for a block received 

interrupt. Space does not allow a complete description of 

all the procedures used in this module, but several of the 

most important deserve discussion. These are the following : 

7.6.2.1.1. Menu. This procedure is called in order to 

display a menu and obtain a valid response from the 

user. Parameters for this procedure are the following : 

1. A procedure which displays the menu. This 

procedure is called by Menu in order to provide 

the screen display and to inform Menu as to how 

many valid menu choices exist. 

2. A string which is displayed at the bottom of 

the menu, an integer which is displayed after this 

string and a flag to enable or disable the display 

of the integer. The string is normally used to 

display error information, or information relating 

to the previous choice. Note that this string is 

only displayed on the first occasion on which the 

menu is displayed. If the menu must be repeated 

because of an invalid choice on the part of the 

user then an error message is displayed instead. 
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Operation proceeds as follows. 

is called, and the string and 

The parameter procedure 

integer displayed. The 

users response is 

which 

obtained by procedure 

later. If Get int_in_range, will be described 

this selection is valid then the procedure returns this 

selection to the caller, and if not the process is 

repeated until a valid response is obtained. 

7.6.2.1.2. In int. This procedure, which is the most 

complex of all the procedures in the main module, is 

used to read in an integer in a variety of formats. 

Integers can be read in either hex, octal, binary, 

decimal or in the form of a character literal. 

Protection is provided against invalid characters and 

overflows. All characters in the number are first read 

in. If no characters are input then the the variable 

will not be modified, so allowing the easy 

implementation of default values. If the number is 

input as a character literal then this is converted to 

a number, and this value returned to the caller. If a 

character literal is not input then the base of the 

number input is found from the last character in the 

string, and the number converted character by 

character. This value is then returned to the caller. 

This procedure forms the heart of several 

procedures, notably the following : 

l. Get_int_in_range. This procedure is 

other 

very 

similar to Get int, but takes extra parameters 

indicting a valid range for the number, and 

returns a flag indicating whether the number fell 

into this range. 
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2. Get_char_in_range. This procedure is very 

similar to the previous procedure, but is designed 

to input a character rather than an integer. 

3. Get_value. This procedure is called in order to 

obtain an integer in a specific range. It is very 

similar to Get_int_in_range, but continues to 

prompt the user until a valid integer is input. 

7.6.2.1.3. Clr screen. This procedure is called in 

order to clear the terminal screen before data is sent 

to it. Control codes for three of the most common 

terminal types are provided. Provision is also made 

for terminals which do not make use of control codes, 

or make use of unsupported control codes. 

7.6.2.1.4. Write_ver. This procedure is called in order 

to execute a verified write operation on the selected 

tape unit. A write operation is done, and the block is 

then read back. If an error is detected then the 

operation is retried for the maximum number of retries 

set. If this is not successful then a gap of 3 inches 

is left and the operation is again attempted. 

7.6.2.1.5. Wipe_tape. This procedure is called in order 

to completely erase a tape. The user is prompted to 

mount the tape, it is rewound and then erased to the 

EOT tab, and then rewound again. 

7.6.2.1.6. Tape_copy. This procedure is called to copy 

a tape from one unit to the other. The user is prompted 

to mount both tapes, both tapes are rewound, and then a 

copy is performed block by block. The copy ends when 



TAPE CONTROLLER SOFTWARE Page 7-36 

either a a double tape mark is encountered for 

unformatted tapes, and when a end-of-tape block is 

encountered for an ANSI formatted tape. 

7. 6. 2. 2. Command block processor. The command block 

processor is initiated by a block received interrupt from 

the block communications module. The block is then obtained 

from the block communications module and the command, unit 

number and status bits extracted from it. The codes used for 

this purpose are defined in appendix D. The unit in question 

is then selected, and it's status is obtained. The requested 

command is then executed by means of a case statement. Once 

the command has been executed the resulting status and 

return code is inserted into the output buffer and procedure 

Block out called in order to transfer the response block to 

the host. 

7.6. Software validation. 

Software validation was approached in a modular fashion, and will 

be described module by module. For validation a bottom-up process 

was followed. 

7.6.1. The LRS. Validation of the LRS was achieved by 

writing a variety of simple Pascal programs, each of which 

exercised some aspect of the run-time system. As these 

programs could also be linked with the normal Intel run-time 

environment and run on the development system, the results 

obtained on the tape controller hardware could be compared 

to ttknown goodtt results. 

7.6.2. Tape control module. Testing of the tape control 

module proceeded in tandem with the local operation section 
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of the ma in program as wel 1 as the final stages of the 

hardware testing. Testing proceeded in several stages : 

7.6.2.1. For the initial testing the basic operation of 

the timing generation section of the program were 

investigated. The resulting output waveforms were 

checked on a logic analyzer. In th is way it could be 

verified that 

that matched 

the controller produced write waveforms 

the tape transport manufacture's 

recommendations. 

7.6.2.2. The second step in the testing involved the 

test of the format recognition module. For this purpose 

the controller was looped back. It will be recalled 

from earlier chapters that the outputs and inputs of 

the timing module are designed for open collector 

operation, and that the operation of the format 

recognition module is dependant only on the read strobe 

from the tape transports. It is hence possible to 

jumper the write strobe outputs to the read strobe 

input of the timing module, and simulate the operation 

of a tape drive. In this way the operation of the 

format recognition module could be tested under a wide 

variety of simulated conditions. 

7.6.2.3. Once the module had been tested under 

simulated conditions the tape transports were connected 

to the tape controller, and the controller's ability to 

write and read back tapes was verified. The next step 

involved tests to ensure that the controller could in 

fact read and write industry standard tapes. Once this 

was verified the tape control module as well as the 

hardware could be assumed to be functional. 
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7.6.3. The communications system. The communications system, 

which consists of the frames and block communications 

modules, was tested in a very similar fashion to the PDP-11 

device driver's communication functions. The frame module 

was first tested (in conjunction with a dummy block module) 

with frames generated on a terminal, as well as in loop

back. Once the basic operation of this module was verified 

the block module was rested, once more by means of loop-back 

testing. Note that this testing was possible because of the 

use of local storage for received and transmitted blocks, 

and the interrupt driven nature of the software. 

The final step in testing the communications system was to 

write a dummy main module which simply re turned fatal 

hardware error codes, regardless of the contents of the 

incoming block. With this module in place the tape 

controller could be connected to the PDP-11, and the 

operation of the link verified. 

7.6.4. Main module. Testing of the main module involved 

testing both the local operations mode and the slave 

controller mode. Testing of this module also involved 

testing the system as a whole. 

7.6.4.1. Testing the local operations mode. Most of the 

user in terf ace code ( the menu software, numeric input 

code etc.) was tested on the development system before 

transfer to the controller. Once this software was 

operating satisfactorily the tape controller module was 

integrated in to the system, and tested as de scribed 

above. Once this was complete the code concerned with 

the local operations mode of operation had been totally 

tested. 
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7. 6. 4. 2. Te sting the system under host con tro 1. Once 

the controller had been tested for local mode operation 

the communications modules were integrated into the 

system and the TM-11 emulation capabilities of the 

software tested. This proceeded in several steps: 

7.6.4.2.1. Initially the system was tested 

the RTL program described in the chapter on 

device driver. This allowed the the test of 

with 

the 

the 

controller for all possible operations, and also 

allowed the controller's responses to be compared 

to that of the Cypher tape drive discussed 

earlier. As this drive is a commercial hardware 

emulation of the TM-11 tape system compatibility 

with the TM-11 could be verified. 

7.6.4.2.2. The next step in the process involved 

the testing of the system in conjunction with the 

PDP-11 's operating system software. RSX-11, the 

opera ting system in quest ion, allows tape drives 

to be treated exactly as any other mass storage 

device (such as a disk drive). In DEC's words the 

TM-11 is "mountable as a Files-11 device". This 

means in essence that the normal operating system 

commands used for file manipulation can be used on 

the tape drive. The user can for example obtain a 

directory by using a standard command, mount and 

dismount a unit, assign a unit for use only by 

himself or obtain status information from the 

device. This is the most critical area of 

compatibility, as if the tape controller is 

compatible with the operating system then all 

"well behaved" programs (programs which use the 

I/0 hierarchy as discussed in an earlier chapter) 



TAPE CONTROLLER SOFTWARE 

will execute correctly. Testing 

involved executing the various 

commands which are legal for 
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this capability 

operating system 

tape drives, and 

verifying that the expected results occurred. 

7. 6. 4. 2. 3. In addition the the operating system, 

which has imbedded in it the commands discussed 

above, DEC also supply certain utility programs. 

Although these programs do not form a part of the 

operating system, and often are designed for use 

only with certain 

controller should 

peripheral devices, the tape 

be able to operate in 

conjunction with them. Three utility programs 

supplied by DEC can operate in conjunction with 

tape drives 

1. Peripheral Interchange Program (PIP). PIP 

is supplied in order to allow the 

manipulation of files on all Files-11 

devices. The user may copy files from device 

to device, rename files, delete files etc. As 

this utility is designed for use on all 

Fi 1 es-11 devices the tape controller should 

be able to operate in conjunction with it, 

and indeed testing showed that this was the 

case. 

2. File Transfer Utility (FLX). FLX is design 

to allow the transfer of Files-11 format 

files to and from media which is not Files-11 

formatted, and according to the manual 

operates only in conjunction with certain 

devices (including the TM-11). Testing showed 

that FLX rejected commands which referred any 
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device not listed as compatible with it, 

including MA-drive. Accordingly MA-drive was 

modified to be called MM-drive, which is a 

listed device but which is not used at OCT. 

This functioned correctly, but was removed 

from the system as this would be incompatible 

with a system which included a true MM-drive, 

and would be very bad practice, as it renders 

a standard device unworkable. 

3. Backup and Restore Utility (BRO). BRO is 

provided to simplify the task of backing up 

disks to tape. As is the case with FLX, BRO 

is specified to operate only in conjunction 

with certain devices. When tested BRO 

accepted all commands, and apparently 

executed them without error. However when a 

verify pass was executed it was discovered 

that incorrect data was written in certain 

tape blocks. Although a considerable amount 

of time was expended in investigating this 

problem no solution could be found. The 

problem was traced to BRO corrupting its own 

data blocks on write operations, apparently 

with data from subsequent blocks. This 

corruption was not repeatable, and only 

appeared after several data blocks had 

already been written correctly. 

The problem is apparently related to the 

storage of the address of the data block, and 

its manipulation by the device driver. It 

will be recalled that an inherent difference 

between the TM-11 controller and the device 
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driver written was that the TM-11 makes use 

of DMA, and that the storage of the block 

address for DMA devices is different to that 

for program transfer devices. Accordingly the 

device driver was modified to accept 

addresses in DMA device format, and then 

convert them to a format usable by the 

executive get and put byte routines. This did 

not solve the problem, alt hough it reduced 

the frequency of corrupted blocks 

considerably. The local agents for the 

system, when approached on the problem, 

stated that they were not aware of any such 

problem on any DEC supported device, but that 

"BRU is a mass of errors". As operation in 

conjunction with BRU is not necessary, nor 

does the BRU manual suggest that this is 

possible, the search for a solution was 

abandoned. In all other respects however the 

tape controller performed flawlessly. 



CHAPTER 8 

CONCLUSION 

8.1. In conclusion we will first examine to what extent this 

project has achieved its aims, and then discuss some of the more 

interesting lessons to be learned from the execution of this 

project. 

8.2. Goals of the project 

The goals of this project were defined in the first chapter, and 

essentially amounted to the construction of a magnetic tape 

con troll er suitable for use at a lo cat ion remote from the host 

system. This has been achieved. The controller as constructed 

interfaces successfully to the PDP-11 system, and because of its 

modular structure should be easy to modify for use in other 

applications. The tape controller can also be very easily 

interfaced without modification to any computer system equipped 

with a RS-232 port. For example, an IBM-PC could easily control 

the tape drives, allowing tapes for machine control applications 

to be written. 
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8.3. System Performance 

As may be expected the performance of the tape controller units 

in terms of speed is totally overshadowed by the transfer time of 

the serial link. This transfers approximately 1000 characters per 

second, a rate considerably below that of conventional mass 

storage devices. As was explained in chapter 1, it is in tended 

that the controller should be modified to allow operation on a 

local area network, which will increase this transfer rate by 

several orders of magnitude. Special provision was made in both 

hardware and software to ease this modification. Until the LAN is 

implemented however the transfer rate of the controller 

significantly reduces the usefulness of the controller. Two 

techniques were considered to improve the transfer rate of the 

controller as it stands. These were the following : 

8.3.1. Increase the baud rate of the serial channel from its 

current 9600 to 19200 baud. This may be done relatively 

simply, and doubles the transfer rate, but requires hardware 

modification to the PDP-11 serial interface. A suggestion to 

this effect was not greeted with enthusiasm by the system 

manager, and hence this was not pursued. 

8.3.2. Some form of data compression could be used on the 

serial link. This was rejected, as a rough analysis of data 

transferred on the link suggested that the increase in 

transfer rate would be less than 5%, at the expense of a 

considerable increase in the size and complexity of the 

PDP-11 device driver. 
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8.4. Software Engineering Aspects 

The structure of the tape controller software was chosen in the 

previous chapter in order to minimize programming effort. This 

was justified by reference to the basic COCOMO model, which 

predicts programming effort in terms of lines of code. It is 

instructive to now calculate the theoretical effort based on this 

model. In this case the semidetatched model of software 

development is most appropriate. In total the tape con troll er 

software (note that this excludes the device driver) consists of 

approximately 3200 lines of software, implying a nominal 

development time of 11 man-months. If the software is assumed to 

be developed in embedded mode then this figure rises to 15 man

months. The actual figure, as estimated by the author, was 

approximately 4 man-months. In fact these figures are less 

significant than may be though at first sight. Firstly, it is 

difficult compare figures from a model developed for commercial 

use to figures obtained for an academic project, and secondly the 

basic model used to obtain these figures is not particularly 

accurate. Considerably more accurate forms of the COCOMO model 

exist, but are difficult to apply in this case, as they would 

require the author to asses his own competence as a programmer, a 

task the author declines. It can however be said that the effort 

was at least certainly not greater than average, and probably 

considerably less. In the author's opinion however a more 

significant factor in this lower than average effort was the 

installation of the Pascal run-time system in the target system. 

8.5. Installation of the Pascal run-time system. 

The installation of the Pascal run-time system was explained in 

the previous chapter, and the advantages of this discussed at 

length. Of necessity an evaluation of its usefulness must be 
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subjective, but a single example will serve to illustrate the 

value of the run-time system. Approximately two thirds of the way 

through this project a new version of the Pascal compiler was 

installed on the Intellec development system. Needless to say, 

the author's program immediately ceased to operate on the target 

system. This was in fact as a result of two flaws in the Pascal-

86 aompiler. The first of these resulted in the compiler 

generating invalid object records (this is described more fully 

in appendix H) and was fairly easy to find as absolutely no code 

functioned. This meant that the problem could be found from a 

very simple program which did not make use of the Pascal library 

(in fact a program consisting of a single instruction!). The 

second problem could however have been considerable more complex, 

and involved the program failing only when run-time library 

functions were used. The problem was in fact an undocumented call 

to the memory allocation routines, which resulted in an immediate 

error if no memory was available. In this case the cause of the 

problem was immediately evident as the error handler provided an 

error message with a status code signifying a memory allocation 

error. If however no run-time error handling was available the 

tape con troll er would simply have crashed, for no explicable 

reason, immediately the program was run. The author would then 

have been faced with a program which could run on the development 

system, but simply failed without providing any output on the 

target system. Although this is not a common fault, without the 

installation of the run-time system it would have caused 

considerable trouble. In the author's opinion the installation of 

the LRS more than repaid the effort involved in it, considerably 

aiding in the debugging of the tape controller software. 
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APPENDIX A 

TAPE CONTROLLER USER'S GUIDE 

This appendix contains information required to operate the tape 

controller both as a peripheral of the PDP-11 computer, and as a 

stand-alone device. The appendix consists of four sections, the 

first of which contains general information on the controller, 

and the second of which contains information required to load the 

PDP-11 device driver onto the PDP-11. This information is only 

required by the system operator. The third section contains 

information on the use of the tape controller as a peripheral of 

the PDP-11 for the general user. The fourth and last section 

describes the operation of the controller as a stand-alone 

device. Knowledge of this section is not required to operate the 

controller as a PDP-11 peripheral. 

NOTE. Information presented in this appendix is correct as at 23 

June 1986. 
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1. General Information 

1.1. The tape controller can operate in one of two modes: remote 

mode (controlled by a host system) or local mode (controlled by 

the user on a local terminal). Operation in these two mode is 

mutually exclusive, in order to prevent access conflicts. 

1.2. For both local and remote mode, logical unit numbers are 

used. The upper unit in the rack is unit 0, and the lower unit is 

unit 1. 

1.3. For any tape operations to occur the unit in question must 

be loaded and on-line. Procedures for achieving this vary from 

unit to unit. Consult the relevant operating manual for this and 

other information specific to each individual tape transport. 

1.4. As currently configured, the tape controller software is in 

the form of a hex file which must be down loaded before any other 

operation is performed. This may be most easily achieved by 

making use of the PDP-11 serial channel used for data 

communication. Note however that this is only possible before the 

channel has been reconfigured to operate as a data link. The 

physical connection to achieve this is exactly the same as for 

the data link, and is described in section 2. Assuming this 

connection to be in place, then the following command should be 

used : 

PIP TT2: = DL1:[100,34]admtcn.hex 
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2. Physical Interface 

2.1. Interface to the tape transports. The fol lowing connectors 

are used for interface to the tape transports : 

Card 1 J4 Write data. 

Card 1 J2 Control. 

Card 2 J2 Read data. 

Card 1 J3 is connected to card 2 JJ. 

2. 2. Serial Interface channels. The serial interface channels 

both come from the CPU card. They are connected as follows 

Channel 0 

Channell 

Data link to host system. In the 

current configuration this goes to 

TT2: on the PDP-11. Note that 

channel O is identified by a red 

band on the ribbon cable leading to 

the RS-232 connector. 

This is connected to the local 

terminal. Note that this connection 

is not required for operation in 

remote mode. 

3. Loading the PDP-11 Device Driver 

3.1. Note that if the 

downloaded via the PDP-11, 

tape controller software is to be 

then the down load must be performed 

before the device driver is loaded. 
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3. 2. The following example contains the complete load sequence, 

as seen on the user's terminal (user inputs underlined). Note 

that this must be performed from a privileged terminal. The (ESC) 

shown below represents a single ESC character. 

3.3. Example 

)ope 350 

000350 /117034 2744 

000352 /000342 0 

000354 /116760 2744 

000356 /000342 0 

000360 /117034 (ESC) 

)loa ma: 

3.4. Use of a different PDP-11 serial line. As currently 

configured the device driver can make use only of serial line 

TT2. In order to use a different serial line on the PDP-11 the 

following steps must be taken. 

3.4.1. The device driver data table must be modified to 

represent the the new base address of the serial port in 

question, as well as it's associated interrupt vectors. This 

information is stored in the SCB. 

3. 4. 2. The sequence shown above must be modified so as to 

set the interrupt vector of the new serial link to the 

nonsense vector. Thus the OPE 350 above must become OPE XXX, 
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where XXX is the interrupt vector of the serial port in 

question. 

4. Using the controller in remote mode 

4.1. The device driver is known as MADRY, and the tape transports 

are MAO: and MAl:. 

4.2. Operation of the tape units once the above load sequence has 

been completed is essentially identical to that of a conventional 

tape drive. There are however two exception to this: 

4.2.l. The utility programs BRU and FLX do not function in 

conjunction with MADRY. This is discussed in detail in the 

main text. 

4.2.2. MADRY provides an additional error message. If the 

data link is broken, or is not reliable enough to allow 

error free transmission, then the error code IE.TMO will be 

returned. Note however that certain utility programs may 

also return a device-not-ready message, rather than IE.TMO. 

4.3. Example. In the following example a blank tape is 

initialized with a volume name of test, the tape is mounted as a 

FILES-11 device, a file copied to tape and finally a directory of 

the tape obtained. User inputs are underlined. 

)all mal: 

)ini mal:test 
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)mou mal:test 

)pip mal: = [100,34]clean.cmd 

)dir mal: 

Directory MAl: 

20-JUN-86 14: 28 

CLEAN.CMD 1. 20-JUN-86 00:00 

Total of 1./1. blocks in 1. file 

4.4. Possible error messages. 

The PDP-11 may return the following error messages (All 

numeric values are in octal). 

IE. FH E ( 3 0 5) 

IE.BBE (310) 

IE.ABO (361) 

IE.DAO (363) 

IE.WLK (364) 

The unit was not ready, or a 

catastrophic hardware error 

occurred, so preventing the 

operation from being attempted. 

A bad block was encountered, and 

the error was not recoverable. 

Operation was aborted on the 

request of the user. 

Data overrun. A block which was 

read in was larger than the the 

stated size. 

A write operation was attempted on 

a unit which was either physically 



IE.SPC (372) 

IE.VER (374) 

IE.IFC (376) 

IE.TMO (241) 

User's guide Page A-7 

write-locked, or had the write-lock 

bit in the status word set. 

Illegal buffer size. A byte count 

of less than 8 was specified for a 

read operation, or a byte count of 

less than 14 for a write operation. 

Irrecoverable parity or CRC error. 

Illegal function request. 

Time out 

re turned 

on request. 

in the event 

link failure. 

This is 

of a data 

5. Operation in local mode 

5.1. Information common to all local mode operations : 

5.1.1. Local operations mode is an interactive, menu driven 

system which enables the user to examine, modify and copy 

tapes without host intervention. Diagnostics information may 

also be obtained, and various aspects of the operation of 

the controller configured. Note that it is not necessary for 

connection to be made to a host system for operation in 

local mode • 

5.1.2. Any numeric value may be entered in any one of five 

formats : 

5.1.2.1. Hexadecimal. Hexadecimal numbers are 

terminated by an 'h' or 'H' character. 
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5.1.2.2. Octal. Octal numbers are denoted by 

termination by one of the following characters : 'o', 

'O', 'q' or 'Q'. 

5.1.2.3. Binary. Binary numbers are denoted by 

termination with either a 'b' or a 'B'. 

5.1.2.4. Decimal. A decimal number is denoted by a 

number with no special terminating character (the 

number ends in a valid decimal digit). 

5.1.2.5. Character literal. The ASCII value of a 

character can be entered as a numeric parameter if it 

is enclosed by double quotes eg. "t". Note that while 

all other numeric input formats are insensitive to 

case, character literal input will preserve case. 

5.2. Entering local mode. Local mode is entered by transmitting a 

carriage re turn character from the local terminal. The user is 

then prompted by a series of menus. Each of these menus will now 

be described. 

5. 3. Local mode main menu. The main menu di splays immediately 

that local mode is enter~d, and is shown below : 

LOCAL MODE MENU 

1. Copy an unformatted tape. 

2. Copy an ANSI formatted tape. 
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3. Erase a tape. 

4. System functions. 

5. Enter local tape operations mode 

6. Return to remote mode. 

Input your selection (1 •• 6): 

These menu choices have the following functions: 

5.3.1. Copy an unformatted tape. The user is prompted to 

mount a source and destination tape, and then a block by 

block copy operation is performed. Each block is verified 

after it has been written. The copy operation halts on 

encountering a double tape mark, and should be used for 

tapes which are not ANSI formatted. Once the operation is 

complete both tapes are rewound. Information as to the 

number of blocks and tape marks copied are displayed while 

the copy is in progress. 

5.3.2. Copy a formatted tape. This option performs a very 

similar function to the above option, but copies ANSI 

formatted tapes rather than unformatted tapes. In this case 

the copy operation terminates on encountering an tape mark 

preceded by an EOV block. Note that as currently configured, 

UCT's PDP-11 system produces ANSI formatted tapes. 

5.3.3. 

number 

Erase a tape. 

on which the 

The user is prompted 

tape is mounted. The 

for the 

tape is 

unit 

then 

rewound, erased to the EOT tab, and then rewound again. Note 
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that this destroys all information on a tape, and cannot be 

used to erase from the current tape position to the end of 

the tape. 

5.3.4. System functions. This option allows the user to 

configure certain aspects of the tape controller's 

operation. The system functions menu is displayed. This is 

discussed below. 

5.3.5. Local tape operations. This option allows the user to 

selectively modify the contents of a tape mounted on either 

unit, as well as to obtain diagnostics information. The 

local operations menu is displayed. Local operations are 

discussed below. 

5.3.6. Return to remote mode. Once this option has been 

selected, the controller is once more under the control of 

the host system. The controller can be returned to local 

mode by pressing the carriage return key on the local 

terminal. 

5.4. System functions menu. The system functions menu is shown 

below: 

SYSTEM FUNCTIONS MENU 

1. Set data link baud rate. 

2. Set terminal baud rate. 

3. Set terminal type. 
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4. Set tape unit characteristics. 

5. Enable block diagnostics. 

6. Disable block diagnostics. 

7. Enable frame diagnostics. 

8. Disable frame diagnostics. 

9. Return to local mode menu. 

Input your selection (1 •. 9): 

These menu choices have the following functions: 

5.4.1. Set data link baud rate. If this option is selected, 

a menu of baud rates is displayed. This option is provided 

primarily in case the system is to be used in conjunction 

with some other host computer, for example via a telephone 

line. 

5 .4. 2. Set terminal baud rate. This option fun ct ions 

identically to the above option, but sets the terminal baud 

rate. This is provided for terminals which cannot support 

the default 9600 baud. This could for example be used to 

interface to a printing terminal in order to provide hard 

copy of tape contents. 

5.4.3. Set terminal type. Before a menu is displayed the 

terminal screen is cleared. This option selects the terminal 

type in use in order select the appropriate con tro 1 codes. 
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If the terminal in use is not listed in the displayed menu 

then the final choice, 'Other', should be used. This outputs 

no control codes. The default terminal type is Perkin Elmer. 

5.4.4. Set tape unit characteristics. This option is 

provided in order to modify the timing characteristics of a 

tape transport connected to the controller. The following 

values are prompted for. 

NOTE. These values should be modified only after studying 

the information pertinent to tape formats presented in the 

main section of this document. 

5.4.4.1. Master clock. This value sets the period of 

the master character clock. The character clock is the 

multiple of the tape bit density in bits per inch 

( always 800) and the tape speed in inches per second. 

This value is in units of 200 nS clock increments. 

5.4.4.2. Short gap count. This value sets the counter 

which detect the gap in read strobes which occurs 

between the data characters and the check characters 

when a block is read. The value chosen must be large 

enough to prevent the detection of a gap in the event 

of normal variations in bit density, but must be small 

enough to always detect the gap in question. This is 

normally set to two character spaces. This value is in 

units of 200 nS clock increments. 

5.4.4.3. Long gap count. This value sets the counter 

which is used to detect a gap between read strobes long 

enough to indicate that the present block (or tape 

mark) is complete. This is normally set to a least 12 
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character spaces. This value is in uni ts of 200 nS 

clock increments. 

5.4.4.4. Normal start gap length. This is used to set 

the time delay from initiating tape motion to writing 

the first character for write operations. This value is 

in character clocks, and is obtained from the tape 

transport's manufacturer. 

5.4.4.5. Long start gap length. This is used to set the 

time delay from initiating tape mot ion to writing the 

first character for write-with-long-gap operations. 

This value is in character clocks, and is obtained from 

the tape transport's manufacturer. 

5.4.4.6. EOF start gap length. This is used to set the 

time delay from initiating tape motion to writing the 

first character for write tape mark (EOF) operations. 

This value is in character clocks, and is obtained from 

the tape transport's manufacturer. 

5.4.4.7. Read start gap length. This is used to set the 

minimum gap from initiating tape motion to when read 

characters may be expected. This value is not critical, 

and is normally set to approximately a quarter of the 

value used for write operations. 

5.4.4.8. Stop gap length. This value sets the gap from 

the last character to be written for write operations 

or, in the case of read or space operations, from the 

detection of the end of the block to the removal of the 

tape motion command. This, in conjunction with the 

start gap value, sets the inter-block gap length. This 
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value is in character clocks, and is obtained from the 

tape transport's manufacturer. 

5.4.5. Enable block diagnostics. Selecting block diagnostics 

results in the tape controller displaying the contents of 

the various fields in each command block which it receives. 

Note that the data field is not displayed, but that the 

status of the tape unit after the operation has completed is 

displayed. A description of the fields in command blocks may 

be found in appendix D. This option is supplied to ease the 

task of interfacing the tape controller to another host 

system. Note that the tape controller must be returned to 

remote mode before it will respond to any incoming blocks. 

5.4.6. Disable block diagnostics. The block diagnostics 

system described above is disabled. 

5.4.7. Enable frame diagnostics. Selecting frame diagnostics 

results in the tape controller displaying the con ten ts of 

the various fields (other than the data) in each frame which 

it sends or receives. A description of all possible frame 

types and fields may be found in appendix D. This option is 

supplied to ease the task of interfacing the tape controller 

to another host system. 

5.4.8. Disable frame diagnostics. The frame diagnostics 

system described above is disabled. 

5.4.9. Return to local mode menu. The local mode main menu 

is displayed. 

5.5. Local operations menu. The local operations menu is shown 

below: 
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LOCAL OPERATIONS MENU 

1. Select a unit. 

2. Read a block in to the local buffer. 

3. Write the local buffer to tape. 

4. Write to tape with a long inter-record gap. 

5. Write an EOF mark. 

6. Space blocks forward. 

7. Space blocks reverse. 

8. Set the read threshold high 

9. Set the read threshold low 

10. Rewind. 

11. Set unit off-line. 

12. Display the local buffer. 

13. Modify the local buffer. 

14. Display local buffer diagnostics information. 

15. Change the present buffer size. 

16. Exit to the main menu. 

Unit O status : On line, at BOT 

Input your selection (1 •• 16): 

5.5.1. All local operations have several features in common 

5.5.1.1. A status line is displayed at the bottom of the 

local operations menu. The information in this line is 

updated after each menu selection. The following messages 

can appear on this line : 

5.5.1.1.1. Unit number. 
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5.5.1.1.2. Either On-line or Select error. If the unit 

is not on-line, then the select error message will be 

displayed. 

5.5.1.1.3. At BOT. This message is displayed if the 

selected unit is at the BOT tab. 

5.5.1.1.4. Past EOT. If this message is displayed then 

the unit is past the EOT tab. This is reset once the 

unit has returned past the EOT tab. 

5.5.1.1.5. Rewinding. The unit is rewinding. Note that 

the next command can be entered while this message is 

displayed. The command in question will be delayed 

until the rewind operation is complete. 

5.5.1.1.6. Time error. This is a time-out condition. It 

occurs on read or space operations when no read strobes 

are detected for approximately 12 inches of tape. 

5.5.1.1.7. Parity error. A parity error was detected on 

a read operation. 

5.5.1.1.8. CRC error. The CRC check on a block read in 

failed. 

5.5.1.1.9. Length error. The block to be read in was 

too large. 

5.5.1.1.10. OMA error. This is a hardware error, and 

can result either from incorrect timing parameters, or 

a corrupted tape block. 
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5.5.1.1.11. Write locked. The write enable ring is not 

installed on the tape mounted on the selected unit. 

5.5.1.2. All operation refer to the selected unit. A unit is 

selected by option l in the menu, to be described later. 

5.5.1.3. All operations involving data transfer refer to the 

local buffer. This buffer also has associated with it a 

length, which is normally set by the most recent read 

operation, but may be manually changed. On initial entry 

into the local operations menu the buffer is initialized to 

contain a test message of length 16. 

5.5.2. The following operations may be performed 

5.5.2.l. Select a unit. The user is prompted for a valid 

unit number. All subsequent operation refer to this unit. 

5.5.2.2. Read block. The next block of data on the selected 

unit is read into the local buffer. Note that the buffer 

size is set to maximum prior to the read. Note that reading 

a tape mark will corrupt the contents of the local buffer. 

5.5.2.3. Write block. The local buffer is written to tape. 

5.5.2.4. Write block with long gap. The local buffer is 

written to tape with a long inter-record gap. 

5.5.2.5. Write EOF. A tape mark is written to tape. 

5.5.2.6. Space blocks forward. The user is prompted for the 

number of blocks to space. The operation is then executed. 
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Note that the space ope rat ion terminates on en countering a 

tape mark. 

5. 5. 2. 7. Space blocks reverse. The same conditions as for 

the above operation apply. 

5.5.2.8. Set the read threshold high. The read threshold of 

the selected tape transport may be set high in order to 

verify a previously written block. Note that the normal 

setting is low. 

5.5.2.9. Set the read threshold low. 

5.5.2.10. Rewind. The tape on the selected unit is rewound. 

5.5.2.11. Set the unit off-line. The unit is set off-line. 

No further operation can be performed until the tape 

transport is set on-line by the operator. 

5.5.2.12. Display the local buffer. The hex value of the 

characters, as well as their ASCII representations are 

displayed. Note that characters which are not printable are 

denoted by a period ( '.' ). 

5.5.2.13. Modify the local buffer. The user is prompted for 

the location of the first character to modify. Note : 

Numbering starts at 0. The current value of the character 1s 

displayed, and the user is prompted for the modified value. 

This process then continues for the rest of the buffer, or 

until the user inputs an invalid value. Note that a carriage 

return causes the next character to be displayed without 

changing the current character. 
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5.5.2.15. Display diagnostics information. This displays the 

characters in the local buffer, together with the following 

information : 

5.5.2.14.1. Whether or not a parity error occurred when 

the character in question was read in. 

5.5.2.14.2. The state of the format recognition module 

after the character was read in. This information is 

important when setting the tape transport in question's 

timing parameters. The following state values can occur 

5.5.2.14.2.1. State 1. The first character in a 

block, and no other, should have a state value of 

1. This denotes that both the tape controller 

detected both a long and short gap prior to the 

character. 

5.5.2.14.2.2. State 2. The rest of the data 

characters should be of state 2, denoting that no 

gap was detected prior to the character. 

5.5.2.14.2.3. State 3. The first check character 

should have a state value of 3. This denotes that 

a short gap was detected prior to the character's 

read strobe. If no error has occurred, then this 

character is the first check character in the 

block. Note that this check character is 

automatically displayed as the final character in 

the block when displaying diagnostics information. 
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State values other than these, or these state values at 

invalid positions in the block, indicate either 

incorrect timing parameters or a corrupted block. Note 

that valid diagnostics information can only be obtained 

directly after a read operation. 

5.5.2.15. Change the local buffer size. This option is used 

to change the length of the local buffer. This is typically 

required in 

or longer 

order to write a block which is either shorter 

than the current block block length, for 

diagnostic purposes. 

5.5.2.16. Return to main menu. This return to the main local 

mode menu. 

5.5.3. Example. The following example shows the first block on 

unit l being read into local memory (user inputs underlined). 

To return to local mode hit return 

LOCAL MODE MENU 

1. Copy an unformatted tape. 

2. Copy an ANSI formatted tape. 

3. Erase a tape. 

4. System functions. 
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5. Enter local tape operations mode 

6. Return to remote mode. 

Input your selection (1 •• 6) =1 

LOCAL OPERATIONS MENU 

1. Select a unit. 

2. Read a block into the local buffer. 

3. Write the local buffer to tape. 

4. Write to tape with a long inter-record gap. 

5. Write an EOF mark. 

6. Space blocks forward. 

7. Space blocks reverse. 

8. Set the read threshold high 

9. Set the read threshold low 

10. Rewind. 

11. Set unit off-line. 

12. Display the local buffer. 

13. Modify the local buffer. 

14. Display local buffer diagnostics information. 

15. Change the present buffer size. 

16. Exit to the main menu. 

Unit 1 status : On line, at BOT 

Input your selection (1 .. 16) :2 

LOCAL OPERATIONS MENU 
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1. Select a unit. 

2. Read a block into the local buffer. 

3. Write the local buffer to tape. 

4. Write to tape with a long inter-record gap. 

5. Write an EOF mark. 

6. Space blocks forward. 

7. Space blocks reverse. 

8. Set the read threshold high 

9. Set the read threshold low 

10. Rewind. 

11. Set unit off-line. 

12. Display the local buffer. 

13. Modify the local buffer. 

14. Display local buffer diagnostics information. 

15. Change the present buffer size. 

16. Exit to the main menu. 

Unit 1 status : On line 

Read block size : 80 

Input your selection (1 •. 16): 



APPENDIX B 

CIRCUIT DIAGRAMS: CPU CARD 

The CPU card consists of the following subsections 

1. CPU. The CPU (U7) is an 80188-6. This is the 6 MHz version of 

the device. Although an 8 MHz version of the device exists, and 

would be better suited to this application, this was not 

available at the time of purchase. The clock to the chip is 

provided by a 12 MHz crystal and the device's internal 

oscillator. Ull and its associated circuitry provide 

synchronization of the ready line from SABUS, as well as ensuring 

that timing margins are not violated when an external device 

releases a bus hold. 

2. SABUS interface. Ul, U2 and U4 latch the CPU address and drive 

both the local and SABUS address lines. U8 provides control 

signals to SABUS, and is disabled by UlO in the event of a local 

bus access. U8's control lines are tristated in the event of a 

bus hold. US drives the SABUS data 1 ines, and is controlled by 

U8's bus control lines. Ul3 divides the CPU clock down to a 

frequency compatible with SABUS cards, and U6d provides drive to 

the SABUS reset line. 
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3. EPROM storage. Ul4, UlS, Ul6 and Ul7 form the EPROM storage 

for the card. UlS, which contains the boot code, is enabled by 

the CPU's UCS line. This UCS line is the only chip select line 

~hich is active when the CPU is reset. All the other EPROMs are 

selected by MCS lines. 

4. Serial ports. Ul8 and U21 are the serial interface chips, and 

Ul9, U20, U22 and U23 provide the RS-232 conversion function. Ul8 

is selected by PCSO and U21 by PCSl. The baud rate for serial 

port O is set by the TO output of the CPU and that of serial port 

1 by the Tl output. The receive and transmit interrupts of both 

ports are connected to individual interrupt inputs on the CPU. 
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APPENDIX C 

CIRCUIT DIAGRAMS TAPE INTERFACE MODULE 

The module is composed of two SABUS cards. These cards are 

connected via a 40 way ribbon cable of which two lines are also 

connected to the CPU card. These are the OMA request lines. 

Connection to SABUS is made only via the SABUS connector on card 

1, with the connector on card 2 being used only as a mechanical 

connection. This allows both cards to be simultaneously debugged 

with only one extender card. Card 1 also has the write data and 

control connectors to the tape transports, while card 2 contains 

the read data connector. Note that in the description which 

follows all components on card l have a number beginning with 1 

(eg. UlOl) and all components on card 2 have a number beginning 

with 2 (eg. U201). 

1. SA BUS interface. The SA BUS interface's fun ct ion is to 

provide address decoding, as well as buffering for the data 

bus and control lines. Ul02, Ul03 and Ul04 decode the base 

address of the module, while Ul07 and Ull8b provide enable 

lines to each addressable device in the module. The base 

address of the module is wire-wrap selectable. UlOl is the 
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data bus buffer. All of the components related to the SABUS 

interface are located on card 1. 

2. Output buffers. The output buffer section of the module 

provides both buffering and latching of signal to be 

outputted to the tape transports. All of these devices 

reside on card l. This section may be further subdivided 

into three subsections : 

2. l. Data output latches. These latches, composed of 

Ull3 and Ull9, latch the output data to the tape 

drives. The eight data bits are latched by Ull9, and 

the parity bit as well as the two strobe enable bits 

(as described earlier) are latched by Ull3. The data 

and parity bits are buffered and transmitted to the 

tape transport, while the strobe enable bits are gated 

with signals from the timing generator to provide write 

and write-reset strobes to the transports. Data 

transfer to these latches is by OMA, as described 

earlier. 

2.2. Configuration latch. This latch, Ull7, sets the 

configuration of the module. It has the following 

outputs : 

2.2.l. Drive select lines. Two bits are used to 

select the tape transport. These lines are decoded 

by Ull8a, a two to four line decoder. The 

resulting one of four select lines are buffered 

and used to select the appropriate tape transport. 
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2.2.2. Count select lines. These two lines are fed 

to the timing section of the module, and will be 

described in a later section. 

2.2.3. Forward/reverse select line. This line 

selects the direction of tape motion. 

2.2.4. Read/write select line. This line selects 

whether a read or a write operation is to be 

performed. 

2. 3. Command output latch. It is the fun ct ion of the 

command output latch to provide signals to the module 

which may be used to drive edge sensitive inputs. In 

order to achieve this a bit addressable latch is used, 

so as to all ow only one bit at a time to be updated 

without raising the possibility of unwanted transitions 

on any other bit. This latch, Ul08, provides four edge 

sensitive signals (SWS, RWC, OFFC and RTH) direct to 

the tape drive as well as a GO (start operation) and a 

board reset signal to the rest of the module. The 

output of the latch are reset to a logical zero by the 

SABUS reset signal, which sets the board reset active, 

and all other signals inactive. This prevents the 

module from generating any unwanted signal during power 

up. 

3. Input buffers. The input buffer and latch section resides 

on card 2, and consists of two subsections : 

3.1. Data input buffers and latches. U203 latches data 

from the tape transports, while U204a latches the 

parity bit. U201 buffers this bit onto the data bus, in 
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addition to several status bits. These status bits 

include state information from the format recognition 

section, and a bit from the OMA section which indicates 

the occurrence of a OMA error. It should be noted that 

these status bits are not latched by the RDS strobe, as 

the state of the format recognition module after a 

character is read in, rather than when it is read in, 

is required for check character recognition. This 

status information is stored for each character which 

is read in. Transfer from both these buffers is always 

by OMA, as is that of the output data latches. 

3.2. Status input buffer. This buffer, 0202, buffers 

several lines which are taken directly from the tape 

transports, as well as two signals from the timing 

module itself. These signal are a run signal, which 

indicates whether the module is executing a command, 

and an EOF signal, which indicates that a tape mark was 

passed during the process of the last command. 

4. Format recognition section. The function of this section, 

which resides entirely on card 2, was described above. It 

consists essentially of a state machine, timing circuits and 

state decoding logic. The state machine consists of three JK 

flip-flops (U2llb, U217a and U217b) and their associated 

gates. The state machine is clocked by the RDS strobe from 

the tape transports, and has two inputs which indicate 

timing information. These two input are SG (short gap) and 

LG ( long gap). SG is active when a strobe has not been 

detected for two character clocks, and LG when a strobe has 

not been detected for ten character clocks. Both of these 

signal are generated by programmable timers (counters 1 and 

2 of UllO), so allowing operation with tape transport of 

various speeds. U218c and U219c decode a signal denoting 
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that the tape head is over an inter-record gap, while U218a 

and U219a detect the passing of a tape mark. 

5. Timing generation section. This section generates signals 

which require precision timing, such as the tape motion 

signals and the write strobes. The timing sect ion consists 

of several sections : 

5.1. Master clock. The master clock consists of Ql and 

its associated components, which form a highly stable 

10 MHz oscillator. The circuit is a Colpitts 

oscillator, which was chosen above logic gate 

oscillators for its superior accuracy and start-up 

performance [13]. Ull2A divides this signal down to a 5 

MHz square wave, which is used to derive all other 

module timing. 

5.2. Character clock generation. The character clock is 

generated by dividing the master clock by a 

programmable ratio. This division is done by counter 0 

of UllO, and the pulse width of the resulting signal is 

set to precisely 2 us by Ulll. This signal is used to 

generate write strobes, as well as for timing purposes. 

5.3. Start counter. This counter (counter O of UlOS) 

sets the delay from the start of an operation to the 

beginning of the count phase of the operation. This 

only has real significance in the case of write 

operations, when this is when the first character is 

written. For all other operations this counter, 

although still in the timing chain, is set to a small 

nominal value. The start of this timing period also 

sets the run flip-flop, Ull2b. When this flip-flop is 

set, tape motion is enabled, setting either the 
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synchronous forward command line or the synchronous 

reverse command line active, dependant on the setting 

of the forward/reverse status line described above. The 

output of this flip-flop is also available for reading 

by the CPU, to ascertain whether or not the operation 

is complete. Note that this bit goes inactive when the 

tape motion commands go inactive, but that the tape 

motion has not yet ceased at this point. 

5.4. Main counter. This counter, counter 1 of UlOS, 

counts either write strobes, read strobes or blocks, as 

defined by the count select line. The time during which 

this counter is active is known as the count phase, and 

this phase may be ended either by the counter reaching 

zero or by a programmable end condition. This end 

condition is programmed by the same count select lines 

as the items to be counted. Both the selection of the 

count and the selection of an end condition are done by 

U220, which is a dual four way multiplexer. Three 

combinations are valid for the count select lines. 

These are as follows : 

5.4.1. Count select of 00. This value selects the 

counting of write strobes, and no end condition. 

Th is is used for write ope rat ions, which always 

end only when all characters have been written. 

5.4.2. Count select of 01. This value selects the 

counting of read strobes, and an end condition of 

encountering a inter-record gap. This is used for 

read block operations, when the operation is 

normally terminated at the end of a block (e.i. 

when an inter-record gap is encountered) or when 

some maximum number of characters is exceeded. 
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This last condition is an error, and the operation 

is ended to avoid buffer overflow. 

5.4.3. Count select of 10. This value selects the 

counting of inter-record gaps encountered, and an 

end condition of passing a tape mark. This is used 

for space operations, where a specified number of 

blocks must be spaced, and the operation must be 

aborted on encountering a tape mark. 

5.5. Stop counter. Once the end of an operation is 

encountered, a delay must occur before the tape motion 

command is deactivated, in order to ensure that the 

tape head stops at the correct point relative to the 

end of the last block or tape mark. This is 

accomplished by counter 2 of Ul05, which resets the run 

flip-flop on completion of its count, thus taking the 

motion command lines inactive and informing the CPU 

that the operation is complete. 

6. OMA request generation section. This section generates 

two OMA request signals which are passed to the CPU card. 

U210b and U207b are set to request OMA cycles for the data 

output latch and the parity and strobe information latch 

respectively. Both of these flip-flops are set by either a 

write strobe (including dummy writes) or by the GO signal. 

The GO signal loads the data for the the first write into 

the latches. The flip-flops are reset by a write to their 

respective latches. U2lla and U210a perform a similar 

function for the read data, but in this case the flip-flops 

are set only by the read strobe. U204b and U207a detect OMA 

overrun errors which occur in the event of a OMA cycle being 

required before the previous cycle is complete. 
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APPENDIX D 

DATA LINK FORMAT INFORMATION 

Communication on the RS-232 data link between the host system and 

the tape controller takes place in frames and blocks. The host 

transmits a command block to the controller, to which the 

controller replies with a response block. To ensure the error 

free transmission of these blocks a frame protocol is used. This 

appendix describes the formats of the blocks and frames used. 

1. Data protocol 

The link makes use of a character orientated frame protocol of 

the PAR (Positive Acknowledgement with Retransmission) type. The 

protocol is designed to allow the error-free transmission of an 

arbitrary number of 8-bit bytes. 

2. Frame format 
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2 .1. Character format. Each character is transmitted in 

conventional 8-bit/no parity serial format. Baud rate is not 

specified, but is normally 9600. 

2.2. Special characters. Certain characters have special meaning 

in frames. Their use will be described later. These characters 

are the following (numeric values in octal). 

DLE : 20 

ACK 6 

NAK : 25 

START : 2 

CONT 3 

END 4 

2.3. Frame format. All frames have a common format : 

OLE 

Lead character 

Frame number 

The first character in a frame is 

always a OLE character. This 

cha rac te r, together with the lead 

character, allows easy recognition 

of the start of a frame. 

The lead character identifies the 

type of frame. Possible values are 

described below. 

The Frame number is always either 0 

or 1. In the case of data frames 

this alternates sequentially, and 
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Data 

DLE 

Terminating character 

CRC low byte 

CRC high byte 

in the case of Ack and Nak frames 

this refers to the frame being 

acknowledged. 

A variable number of data 

characters, up to a maximum of 64, 

may be 

stuffing 

performed. 

transmitted. Character 

of DLE characters is 

This single DLE character indicates 

the end of the data section of the 

frame, and is always present. 

The terminating character serves to 

distinguish the frame end from the 

frame beginning, as well as to 

indicate whether or not this frame 

is the last in the block. The valid 

terminating 

described below. 

characters are 

In order to provide error detection 

for the frame a CRC is appended. 

The CRC is CCITT-16 standard. This 

CRC is performed on all characters 

in the frame, and starts from an 

initial value of FFFF hex. The CRC 

is transmitted as two characters, 

the least significant byte being 

transmitted first. 

This is the second part of the CRC 

described above. 
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2.3.1. Three types of frames exist, and the frame type is 

indicated by the lead character. These are the following 

2.3.1.1. Data frames. Data frames are indicated by a START 

character in the lead position. Data frames carry a variable 

number of data characters, and are terminated by either a 

CONT or an END character. If terminated by a CONT character 

then the next frame is a continuation of the current block, 

and if terminated by an END character then the frame is the 

last frame in the current block. 

2.3.1.2. Ack frames. Ack frames are indicated by an ACK 

character in the lead position, and are transmitted to 

indicate the the frame whose number is in the frame number 

field was received correctly. Ack frames never contain data, 

and are terminated by an END character. 

2.3.1.3. Nak frames. Nak frames are indicated by an NAK 

character in the lead position, and are transmitted to 

indicate the the frame whose number is in the frame number 

field contained an error. Nak frames never contain data, and 

are terminated by an END character. 

2.4. State values. The use of state driven software for both the 

transmission and reception of frames was discussed in the main 

text. The following states are used in both the PDP-11 and tape 

controller software : 

2.4.1. Transmit states. These states are defined by the 

character which will be transmitted as soon as the transmit 

data port becomes empty. 
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2.4.1.1. State 0. Start condition. A DLE is to be 

transmitted. Next state is state 1. 

2.4.1.2. State 1. Transmit the lead character. Next 

state is state 2. 

2.4.1.3. State 2. Transmit the frame number. Next state 

is state 3 if there is data to transmit, else state 5. 

2.4.1.4. State 3. Transmit a data character. Next state 

is state 4 if the character was a DLE, else state 5 if 

the character was the last data character in the frame, 

or else the state remains at 3. 

2.4.1.5. State 4. Transmit a DLE. Next state is state 5 

if the no data is left to transmit, or else state 3. 

2.4.1.6. State 5. A DLE is to be transmitted. Next 

state is state 6. 

2 . 4 • 1. 7 • St ate 6 • The t e rm in at in g c ha r a c t e r i s to be 

transmitted. Next state is state 7. 

2.4.1.8. State 7. The low byte of the CRC is to be 

transmitted. Next state is state 8. 

2.4.1.9. State 8. The high byte of the CRC is to be 

transmitted. Next state is state O, ready for the next 

frame. 

2.4.2. Receive states. These states are defined by the 

character which the device expects to receive next. 
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2.4.2.1. State 0. Start condition. A DLE is to be 

received. Next state is state 1 but only if the 

character was a OLE, else the state remains at 0. 

2.4.2.2. State 1. 

state is state 2, 

character. If the 

state reverts to 0. 

Receive the lead character. Next 

if the character was a valid lead 

character was not valid, then the 

2.4.2.3. State 2. Receive the frame number. Next state 

is state 3. 

2.4.2.4. State 3. Receive a data character. Next state 

is state 4 if the character is a DLE, or else the state 

remains at 3. 

2.4.2.5. State 4. Receive either a OLE or a terminating 

character. Next state is state 3 if the character was a 

DLE, or else state 5. 

2.4.2.6. State 5. The low byte of the CRC is to be 

received. Next state is state 6. 

2 • 4 . 2 . 7 • St ate 6 • The high byte o f t he CR C is to be 

received. Next state is state 0, ready for the next 

frame. 

3. Block format 

Two block formats exist; one for command blocks and one for 

response blocks. 
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3.1. Command blocks. Command blocks contain five fields. These 

are the following 

Opcode 

Unit number 

Status in 

Count in 

Data 

This field is one byte long, and 

contains the operation to be 

executed, as well as certain other 

information. A detailed description 

of this field is given below. 

This field, which is one byte long, 

contains the logical unit number to 

which the command block refers. 

This is 

contains 

definition 

below. 

a 16 bit field 

status information. 

of each bit is 

which 

The 

given 

This is a 16 bit field which 

normally contains a count value, 

but contains a status value for 

certain operations. This is 

discussed below. 

This field, which is from Oto 8192 

bytes long, contains data for write 

operations. For all other 

operations it is empty. 

3.1.1. Opcode. This field is one byte long, and contains the 

following information. 

3.1.1.1. Bits 0-5. The command to be executed is 

encoded into the lower 6 bits of the opcode. Ten 

command are supported. These are the following (numeric 

codes in decimal) 
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3.1.1.1.1. RLB (1). Read logical block. The next 

block is read in, and transmitted to the host. The 

count field contain the maximum number of 

characters to be read in. 

read in then an error 

returned to the host. 

If a greater number is 

occurs and no data is 

3.1.1.1.2. WLB (2). Write logical block. The 

transmitted block of data is written to tape. The 

number of data bytes is contained in the count 

field. 

3.1.1.1.3. EOF (3). write end-of-file mark. A tape 

mark is written. The count field is not used. 

3.1.1.1.4. RWD (4). Rewind. The tape on the unit 

in question is rewound. The count field is not 

used. 

3.1.1.1.5. RWU (5). Rewind and off-line. The unit 

is rewound and set off-line. The count field is 

not used. 

3.1.1.1.6. SPB (6). Space blocks. The tape is 

spaced by the selected number of blocks. The count 

field contains the two-compliment value of the 

number of blocks to space. The space operation is 

terminated on encountering a tape mark. 

3.1.1.1.7. SPF (7). Space files. The tape is 

spaced by the selected number of files. The count 

field contains the two-compliment value of the 

number of files to space. ANS I formatted tapes 
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files are delimited by end-of-file records, but 

unformatted tapes are delimited by tape marks. The 

end of data on a tape is known as the logical end 

of volume. This is denoted by a double tape mark 

for unformatted tapes, and an EOV record followed 

by a double tape mark for ANSI tapes. Note that 

the end of 

ANSI tapes. 

volume condition is not detected for 

Space file operations are terminated 

on encountering the logical end of 

condition in the case of unformatted tapes. 

volume 

3.1.1.1.8. STC (8). Set tape characteristics. This 

is used in order to set bits in the status word. 

See below for a description of which bits are 

affected. The count field contains the bit pattern 

to be inserted into the status word. Note that 

this function must be carried out by the tape 

controller because although the status word is 

stored in the host, the controller must check that 

the host does not at tempt to operate the tape 

units in unsupported modes (eg at the wrong bit 

density). 

3.1.1.1.9. SEC (9). Sense tape characteristics. 

This reads the status word. See below for a 

discussion of the return value. The count field is 

not used. 

3.1.1.1.10 SMO ( l O) • Mount and set tape 

characteristics. This is identical to STC, except 

that if the unit is not ready and at the BOT tab, 

then an error results. The count field contains 

the bit pattern to be inserted into the status 

word. 



Data link format Page D-10 

3.1.1.2. Bit 6. Bit 6 is set if the mounted tape is 

ANSI formatted, and cleared otherwise. This information 

is necessary to determine file delimiters, as discussed 

above. 

3.1.1.3. Bit 7. Bit 7 is set if retrys for operations 

which failed are disallowed. If this bit is not set 

then the tape controller will normally retry a failed 

operation up to 10 times. 

3.1.2. Status field. This is a 16 bit word, which contains 

status information relation both to the characteristics of 

the tape transports, and the current status of the 

transport. The characteristics bits can be set by the STC 

and SMO commands described above. A description of each bit 

will now be given. Note that the description provided below 

only describes bits which are relevant to the tape 

controller. The PDP-11 assigns meaning to all of these bits, 

but only some are used by the tape controller. Only bits 6 

and 7 can be set by STC and SMO, and have meaning to the 

controller. Note however that bits 0,1,3 and 11 can also be 

set and reset, but are ignored by the controller. This is 

done for reasons of compatibility with the TM-11. 

Bit Meaning when set --
0 Not used. 

1 Not used. 

2 Not used. 

3 Not used. 

4 Tape is past the EOT tab. 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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Last tape command encountered an 

EOF (tape mark). 

Writing is prohibited. 

Writing with an extended inter-

record gap is prohibited. This 

means that no error recovery will 

be attempted on write operations. 

Select error. 

Unit is rewinding. 

Tape is physically write-locked. 

Not used. 

Not used. 

Tape is at BOT. 

Tape is at the end of volume. Note 

that this condition is detected 

only for unformatted tapes, and 

that the head is positioned between 

the tape marks which denote it. 

Not used. 

3.2. Response blocks. Response blocks consist of four fields. 

These are the following : 

Status This is a 16 bit field, and 

contains the same information as 

the incoming status in the command 

field, as described above. 



Count 

Return code 

Data 
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This normally con ta ins an integer 

field, but occasionally contains 

status information. This is further 

discussed below. 

This is a 

a contains 

indicates 

operation. 

given below. 

16 bit 

numeric 

word 

code. 

the result of 

Possible values 

which 

This 

the 

are 

This field varies from O to 8192 

bytes. It only exists in response 

to read commands. Note that if the 

transport encounters a EOF mark 

then two bytes are returned, each 

of which are the numeric value of 

the character used in a tape mark. 

This is done for TM-11 

compatibility purposes. 

3.2.1. Count value. The meaning of the value in the count 

field is described for the various operations. Note that 

operations not listed here do not make use of this field. 

The meaning of the mnemonics are described above. Numeric 

values are in two's compliment form. 

RLB Number of bytes transferred. 

WLB Number of bytes transferred. 

SPB Number of blocks spaced over. 

SPF Number of files spaced over. 

SEC Status word as described above. 
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3. 2. 2. Re turn code. The various possible re turn codes are 

described below. All numeric values are in octal. 

rs.sue (1) 

IE • E OT ( 3 0 2 ) 

IE.FHE (305) 

IE.BBE (310) 

IE.DAO (363) 

IE.WLK (364) 

IE. EOF ( 3 66) 

IE.SPC (372) 

IE.VER (374) 

IE.IFC (376) 

The command was successfully 

completed. 

The tape is past the EOT tab. Note 

that this means that the operation 

was successfully completed. 

The unit was not ready, or a 

catastrophic hardware error 

occurred, so preventing the 

operation from being attempted. 

A bad block was encountered, and 

the error was not recoverable. 

Data overrun. A block which was 

read in was larger than the the 

stated size. 

A write operation was attempted on 

a unit which was either physically 

write-locked, or had the write-lock 

bit in the status word set. 

An EOF (tape mark) was encountered. 

Illegal buffer size. A byte count 

of less than 8 was specified for a 

read operation, or a byte count of 

less than 14 for a write operation. 

Irrecoverable parity or CRC error. 

Illegal function request. 
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15 000040 JOO 
!6 00004i 000 
17 000042 cooooo 
18 000044 000000 
19 
20 

.-.. -. 
LL 
.-.~ 
f..j 

26 00(246 
27 

31 
32 (1(H) 446 00 2236; 
33 000450 002276 1 

34 D00452 002402' 
35 000454 :)02436! 
36 000456 002502! 
37 J00460 002424 1 

38 000462 002542 ' 

41 000464 001472! 
42 000466 001500' 
43 000470 001524! 
44 000472 001 546 1 

45 000474 001 722 1 

46 000476 0014721 

47 000500 001744' 
48 000502 0017521 

49 000504 001774! 
50 
Si 
52 
53 

55 
56 
57 
56 
59 
60 
61 
62 

64 000506 
65 GGG5i2 

6f 0(H)522 
6d i)00526 
69 (H)0532 
70 000536 
71 000542 

:3YTE 

~rNUM : 
RFNUM: i ' l"':.l"", :'. 

: r: :.; i1Li 

;~UW THE FRAME SUFFER SPACE 

TDATA: ,BLKB BUFLEN 

.BLKB BUFLEN 

;ND~ THE STATE TABLES 

XSTTBL: 

TSTTSL: 

.WORD RCFXDLE 

.WORD 

.!~ORD 

.~DRD 

.~ORD 
.WORD 
.WORD 
,WORD 
.WORD 
,~ORO 
.~DRD 
.WORD 

RCFCHAR 
RCFN UM 
RCDATA 
RCDLE 

RCCRC 

T"·}!'"il !'"' 
iA UL ~ 

TXFCHAR 
TXFNUM 

r vr:r:1 c 
i,\:J i.: s.;_ 

TXDLE 

TXCRCLU 
TXCRC 

.~ACRO TBLENT CON,CXD,TY?~ 

.BYTE CMD! TYPE 

.ENDM TSLENT 

~OCAL DATA STORA6~ 

L6FCN : T3LENT I0 .RL8, rtLBCMO, 
TBLENT IO.WLB, WLBCMO~ 
TBLENT IO .EDF , EOFC~O, 
TBLENT IG.RWD, RWDCMD, 
TBLE~T IO,~WU, RWUCMD, 
TBLEN7 10 .S?B, SPBCMO , 
TBLENT iG .SPF; SPFC~ O, 
TBLENT IQ .ST(, STCC~D~ -1 



MACRO ~1200 20-JUN-86 15:43 

172 000546 
i 73 (H)0552 
:74 i)00556 : 

177 000556 000566 1 

178 000560 003224 ' 
179 000562 003244 1 

i80 000564 003242! 
181 
i82 
183 
184 
iBS 
136 
187 

1B9 
i 90 
i9i 
192 
193 
194 
i95 
196 
197 

199 
200 
20i 
202 

207 G00566 
205 000572 103001 
209 0(H}574 
21 0 
211 
212 
213 
·'*:l A 
.C:i'i 

216 
··ii~ 
Ll ! 

220 
221 

224 

~, :-~ - -
~noc J-J 

$MAT2:L:: 

TBLENT IO.SEC, 3ECCXD, -
TBLENT IO.SMO, SMQC~G, -

1~0RO MAINI 
z~ORD MACAN 
, WORD l1AOUT 
z~ORD MAPWF 

LGCAL 3IT ASSIGNMENTS 

; it-~AiNI- TAPE INITIATOR 

i 7HIS ROUTINE IS ENTErtED FROM THE t1UEUE I/0 DIRECTIVE WHEN AN 
; IID REQUEST IS QUEUED ANO AT THE END GF A PREVIGUS 1/G OPERATION 
; TO PROPAGATE THE EXECUTION OF THE DR IVER. IF THE S?ECIF:ED 
; CONTROLLER IS NOT BUSY, THEfi ATTE~PT IS ~ADE TO OE~iUEUE THE 
; NEXT I/0 REQUEST. ELSE A RETURN TG THE CALLER IS EXECUTED. IF 
; THE OE~UEUE ATTEMPT IS SUCCESSFUL, THEN THE NEXT 1/0 OPERATION 
; IS INITIATED. A RETURN TO THE CALLER IS THEN EXECUTED. 

; INPUT: 

RS = ADDRESS OF THE UCB GF THE CONTROLLER TO BE INITIATED 

IF THE SPECIFIED CONTROLLER IS NOT 3USY AND AN !/0 REGUEST 
IS WAI TINE TO BE PROCESSED, THEN THE REQUEST IS DEiUEUEL~ 
AND THE DRIVER INITIATES THE RE=:iUESTEL§ I/0 FUNCTION 

iENABL LSB 
~AINI: CALL $6TPKT ;6ET AN 1!0 PACKET TO PROCESS 

sec 
RETURN 

10$ 
;IF CS CONTROLLER BUSY OR NO REQUEST 

; THE FGLLDW1N6 ARGUMENTS ARE RETURNED av t6TFKT : 

Ri=ADDRE5S OF THE I/0 ~EGUEST PACKET. 
R2=PHYSICAL UN IT NUMBER • 
R3=CONTROLLER INDEX. 
R4=ADDRE5S OF THE STATUS CONTROL BLGCK . 
RS=ADDRESS OF THE UCB OF THE CONTROLLER TO SE INITIATED . 

; ~AGNETIC TAPE FUNCTION INDEPENDENT I/D RE~U£ST PACKET FORMAT: 

. .,l"I.,. . ... :.: , 
! J i i1 .i 

"'!":0:1"1 

' i !._:j 

- :-:1. 1 

I ;-t.fl 

~D. 00 = I/0 riUEUE THREAD ~ORD, 
WD. 01 = REGUEST PRIORITY (LOW BYTE) . 
~D: 01 = ~VENT FLAG NUNBER (HIGH BYTE ) I 
WD , 02 = ADDRESS OF THE TCB OF ':~E RE6UESTGR TASK , 
WO . 03 = ?GINTER TO 2ND ~VN ~ORD IN RE~UESTG~ TASk HEACE~. 
WD . 04 = CONTENTS GF 1ST LON WGR~ IN REOUE3TGR TASK ~EADER iU C3 ) 
WD . 05 = I/0 F~~CTI ON CODE !IQ.~L8/[0.~~01I0.3?B/~TC .l , 



234 
235 

238 

241 
242 
243 
244 

246 

246 
249 

254 

258 
259 

i I j 

LDi 

262 

265 
~· : 
LOt 
267 
268 
269 
270 
271 
272 
273 

275 
. -.1, 
Li b 

1.ii 

280 
281 
252 

284 000576 0567 ' ,..,, -: 

! f t l i :J 

285 000602 2702 000506 1 

::,:JSB ~D, 06 = J!RTUAL ADDRESS OF /G 3TATV3 3LOC~. 
:ICS3~2 ~Ds 07 = RE~OCAT!Q~ BIAS JF !O STATUS 3LJC\ , 
:IQS3+4 ~D , ~O = I/0 ST~TJS 3~JC~ AO RESS (REAL JR JISPLACEMENT7 i~0000). 
:I,AST ~D: !1 = VIRTUAL ADDRESS Q~ AST sEqvrcE ;QUTINE. 

; READ/WRITE LOGICAL FUNC~ION 0E?ENDENT I/0 ?ACK~T FORNAT: 

:I.?RM ~O, 12 = PAGE ADDRESS QF DATA 3UFFER ADDRESS. 
;P~~+2 WD, 13 = OFFSET OF DATA BUFFER ADDRESS, 
;PRN+4 JO, 14 = ~UMBER CF BYTES TO BE TRANS FERRED. 
;?RM+6 WO, i5 = NCT USED, 
;PRN+10 ~D . 16 = NOT USED. 
;PR~+12 WO. i7 = NOT USED, 
;PRN+!4 WO. 20 = RELOCATION SIAS JF OIA6N0STIC ~EGISTER 3LGCK ODRESS . 
;PRN+16 WO. 21 = D!A6. RES. BUFFER ADDRESS (REAL/OISPLACE~ENT+ 40000}, 

; BLOCK AND FILE SPACING FUNCTIONS DEPENDENT I/0 PACKET FORNAT: 

;I.PRN WO. 12 = SPACING COUNT (POS!TIVE=FGRWARD, NE6AT! VE =BACKWARD). 
;PRM+2 WO. 13 = NOT USED. 
;PRM+4 ~D. 14 = NOT USED. 
;PRM+6 WO. 15 = NOT USED. 
;PRM+10 WO. 16 = NOT USED, 
;PR"+12 WO , 17 = RELOCATION BIAS OF DIAGNOSTIC REGISTER BLOCK ADDRESS. 
;PRN+14 WO . 20 = }IA6. REG. 8UF?ER ADDRESS ~REAL/DISPLACEXENT+f40000). 
;PRN+16 ~O. 21 = NOT US ED. 

i (~OUNT AND j SET CHARACTERISTICS FUNCTION ;)E?£NDENT I /Q PACf~ET FORMAT. 
; FDR SENSE CHARACTERISTICS, I,PR~ {WO . 12) IS NOT USED: 

;:.PRM WO. 12 = NEW CHARACTERISTICS WORD. 
:?RN+2 ~O . 13 = ~OT USED. 
;PRM+4 WO. 14 = NOT USED, 
;PRN+6 WD . 15 = NOT USED1 
;PRM+!O ~D, 16 = NOT USED. 
;PRM+12 ~D. 17 = NOT USED. 
;PRN+14 WD. 20 = NGT USED1 
;PRN+16 ~D . 21 = NOT USED. 

; WREGF, REWIND, AND UNLOAD FUNCTIONS DEPENDENT IiO PACKET FORMAT: 

;I.?R~ WO. 12 = NOT USED. 
;PRN+2 WD . !3 = NOT USED . 
;PRM+4 ~01 14 = NOT USEJ1 
;PRN+b WD1 15 = NOT USED: 
~PRN+t WD. 16 = NOT USE~. 

WD . 17 = RELOCATION SIAS DF DIAGNOSTIC REGISTErt BLOC~ 
;PRM+t WD . 20 = DIA6. ~E6. BUFFER ADDRESS (REAL/DISPLACEXENT+ 40000). 
;PRr+1 WO . 21 = NOT USED. 

~ov RS, i]4T3L 
~L6FCN. R2 ;POINT TO LEGAL FUNCTION TABLE 
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;) 7]527 
:\ ! ·-: "'! •\ !: 
~}if.. f :._: .. : 

~)74567 
460 001 704 112605 

: --,~-,, 
l ! ff f l 

i777bC 
i76i22 

461 ]01706 !10564 000006 
462 001712 052764 000100 000004 
463 0Gi72G 

465 
~66 001 722 
+6 7 :)01726 

t.:": C"'! ;" ": 
:_::) JJC f 

.)(;5367 
i76074 
176070 

~68 001732 11 2746 000020 
{69 091736 016705 176044 
470 001 742 000712 

472 
473 001 744 
~74 001 744 11 6746 176071 
475 001750 000720 

479 001752 016767 176050 
480 001760 005167 176044 
481 001764 !16746 176040 
482 001770 000! 67 177616 
483 

.f 1L ti t: 1·1 
.i. i ~v~·v 

~177760, RS 

~DVB RS! 7BUF 1R4i 
BIS #TIE, TCS{R4) 

;"STATE 
TSTATE 

BR 62$ 

TXTCHAR : 
~CVS TTCHA~~ -\SP ) 
BR TEXIT 

TXCRCLO: 

CGM TCRCSV 
r.uve TCR CSV, -{SP1 

; 

4:35 001774 !16764 176031 000006 TXC RC: TCRCSV+t, TBUF(R4) 
486 002002 052764 000100 f)(H}(H)O 

487 002010 132767 000004 17601 5 
488 00 2016 001004 
489 002020 142767 000040 176005 
490 002026 

493 002030 
494 002034 016700 175754 
495 00:040 016701 175746 
496 002044 012702 003407 
497 002050 000167 176734 
493 

500 
501 
502 i)02054 

504 00206(: 016504 000020 
505 002064 016404 000012 
506 002070 042764 000100 000000 
507 {H)207 6 010546 
508 002100 016405 000002 
509 002104 100547 
510 002106 132767 000040 175717 

513 002116 010546 

BIS *RIE, RCS{R4 ) 
S!TB #TR,END, TRSTATUS 

3ICB #TR.SSV, TRSTAT~S 
RETURN 

65$: CALL ~FORK 
~ov ERRCOOE , RO 
MOV RETCOUNT, R1 
~OV #3407, ~2 
JMP IGeONE 

! 

; 111 INTERRUPT ENTRY ?GlNT 111 

INTSVl MA,PRS,1 
~ov V.SCS (RS), R4 
~av S.CSR (R4), H4 
BIC #RIE1 RCS(~4 J 

MOY RBUF(R4), RS 
BMI REXIT 
1IT8 ;TR.8SY, TRSTATUS 

ENABLE THE lN7ERR UPT 

; SEfHi T~E OLE 
;NO~ 60 SEE IF THAT WAS THE LAST CEARACTE~ 

;LOAD THE TEiN CHARACTER 

;SAVE THE CRC 
;WE TRANSMIT THE i1 S CD~P 
;THE LOW PART OF TME CRC 

;ENSURE THAT ~E CAN RECEIVE 
;IS THIS THE END? 
;I? NE :HEN Y£S 

;SET UP FOR :GDONE 

GET SCB ADDRESS 
GET HAR DWARE ADDR ESS 
DI SABLE INTERRU PTS 

G~T ;HE INPUT CHARAC ~ER 
IF ERROR \HEN IGNG~E 
DO ~E WANT THIS INT ERRUP T? 
IF NE THEN :{OT 



~ADRV ~ACRD Mi 200 20-JUN-86 !5:43 PAGE 3-9 

514 002120 
~ :. ~ .· ... -,.··: ·· :~ 
- · l .J ') t) L .L::. t 

517 i)(21 34 

519 002144 
520 002150 
52i 002i54 
522 :)02160 
523 (H)2164 
524 002170 
525 002174 
526 (H)2200 
527 (H)2204 

04 2705 

:J(H).}67 

01 670: 
0~2705 
073527 
074567 
016705 
042705 
073527 

073527 
042705 
074567 

528 00221 0 012605 
529 

177400 
172674 
i 7567G 

175650 
175644 
000377 
177773 
f75630 
J ~.,.,~J. 
l ilf i i 

177760 
175614 

530 002212 016746 175602 
531 002216 005267 175576 
532 002222 006316 
533 002224 062716 000446 · 
534 002230 017616 000000 
535 002234 000136 
536 

533 
539 (H) i236 
540 002236 !42767 000010 175567 

RCFXDLE: 

SIC 
ASHC 

ASHC 
XOR 

XDR 

R5, RC.RC 

#4, RS 
RS ~ RCRC 
~CRC; RS 
1377, RS 
#-5, i :: 
RS, RCRC 
#-7, RS 
ii 7776G, rt5 
RS , RCR~ 
(SP )+, ~5 

MOV RSTATE, -\SPJ 
INC RSTATE 

(SP ) 
#RSTTBL1 iSP ) 
:j (SPJ, (SP ) 

JMP i{SP)+ 

SICS #TR .ERR! TRSTATUS 
541 002244 122705 000020 CXPB IDLE1 RS 
542 002250 001465 70$: BE~i REXIT 
543 002252 
544 002260 
545 002266 
546 002274 
547 
546 
549 
550 002276 

012767 
012767 
tt J ,:-.,. ! ., 
t) il. i Q i 

000000 , .,.,..,..,.,. 
i f !lif 

551 002276 110567 175534 
552 002302 122705 000002 
553 002306 00 1446 
55~ 002310 !22705 OOG006 
555 002314 001443 
556 002316 122705 000025 
557 002322 001440 
558 002324 122705 000004 
559 
560 002330 001403 
561 002332 t22705 000003 
562 002336 00 1344 

75540 
75536 
75514 

~ov 101 RSTA.TE 
#CRCINiT , RCRC 

HEXIT 

~OVB RS, RFCHAR 
CMPB #START, RS 
3E~ REXIT 
C~PB IACK, RS 

XEXIT 
CMPB #NAK, RS 
BE~ REXIT 
:~en 
·., j jl ;_, #END, RS 

BEG 80$ 
C~PB 4CONT, RS 
BNE 

563 C02J40 152767 000010 75465 801: 3ISB ITR,ERR. TRSTATUS 
564 002346 012767 000005 75444 
565 002354 112767 000025 75454 
566 002362 132767 000100 75443 
567 }02370 001015 
568 00 2372 11 27 6 7 000002 17:-436 
569 002400 000411 

~OYB 4NAK~ RFCHAR 
31TB ~TR.ACK , TRST ATVS 

MGVB #START, RFCHAR 

;GET THE CHARAC~ER BACK 

;GET READY FQR INDIRECT JUMP VIA STATE TABLE 

; AND JUMP 

;NO ERRORS YET '. 
;OLE RECEIVED? 
;IF SO THEN FINE 
;IF NOT THEN STAY THE WAY WE WERE 

;STORE THE FIRST CHARAC~ER 
;NGW SEE rr IT WAS VALID 

;IF AN END QR CC~T THEN ERROR, GE~ !HE 
: CRC AND SEND A ~AK FRA~E 

;AS3 UNE TH~T WE ARE ~AITING FGR AN ACK F~AME 



572 00 2402 !22?:~ 000000 
573 }02406 001 ~03 

575 002414 001315 
576 002416 110567 175412 
577 002422 000400 

579 (H)2424 
5SO 002424 012605 
581 002426 052764 000100 000000 
582 ~)02434 

584 
535 002436 !22705 (H)!J020 
586 002442 001770 
587 ]02444 005367 175350 

90S: ~OVB RS, FNU~IN 
REXIT 

REEXIT: 
~EXIT: ~CV 

588 {HJ 245(i 022767 000177 i75332 iOGl: CM? #BUFLEN.-1, RINDEX 
~39 002456 00 1762 
S90 J02~6C 010446 

·-• .f ·' ~ •• ·-_.! 
= •• i:J i !_: : 

i: G564 
:9J :)02472 
594 002476 012604 
595 002500 000751 
596 

!75322 

! '7t:;' i ·:: 
£ i - · -..:.:. ~ 

598 002502 !10567 175331 
S99 ;02506 122705 000004 
600 002S12 001714 
601 002S14 122705 000003 
:102 :)!)2520 ·*::'11 ~ !- J 

:J ~.: i : ,. i 

~03 JC :522 12270S 000020 

606 002534 005367 !75260 
607 00254(} ••• ••• ••• ""l'&-t 

UtJU i~j 

609 

3R 

;n~iDEX ~ R4 
i5, RDATA {R4 ) 

RCDLE: MGVB RS, RTCHAR 

70$ 
RSTATE 
~STAT~ 

610 002542 022767 170270 17525~ RCCRC: :MP ICRCFIN, ~C2C 
611 002550 001403 
612 002552 
613 00 2560 
614 002566 
6 i: 002S-7 4 
616 ~)02602 

.i C ·· 1~ l '"! 
i.1£. f :J{ 

052764 
01 2767 
152767 

000010 
t)(H)i 00 
000000 
000040 

617 002604 122767 000025 
518 002612 001565 

175253 
000000 
175224 
175231 

= ~t:·':""1-! 
• f .1£..£.~ 

619 002614 122767 000006 17S214 
620 002622 0014!1 
~21 00262; !32767 0001 00 175201 
~22 002632 }01!57 
623 002634 !22767 000002 
~24 002642 001:53 
625 002644 )00423 
626 002646 132767 000010 ~'"!?: J C'"! 

.:. f ..; l J f 

BISB 

~r::i --=~:..-: 

#TR.ERR~ TRSTATUS 
~RIEi RCS (R4 J 
IO, iSTATE 
iTR.BSY, TRSTATUS 

BITS #TR.ACR , TRSTATUS 
180$ 

:'"'.!-;;!"', ;"! : .. nr;:1 

3NE 
iSTART: iF C~ AR 

130$ 

;IF 1E!THER JF TSESE THEN JISASTE~ 

:rtESlDRE RS 
;SET ~ECEIVE I~TERRUPTS 

;If 3D THEN ND ACTION ~ILL THE NEXT CHARACTE~ 
;~ANT :o 3TAY IN THIS STATE 
;IS THERE STILL SPACE IN THE SUFFER? 
;IF ~C ~00~ THEN IGNORE 
;SAVC R4 

;S~QRE THE ~ATA 
; NE:~ :NDEX 
~ ;iE::TJRE ;;-~ 

;STORE THE ?GS3:3LE ~E~~:~A7:NG :SARAC:~R 
t :-! ! r\ ·i 
~::. ih i : 

;CDNT7 

,,-.r!"":! }. I .-:i:""':.,!9: 
! ~1 -,:i1n~ ,:.;1~L; :1 

;ENABLE I~T~RRU?TS 
;REAGY =aR NEXT FRANE 
;SIGNAL THAT THE RECEIVER IS EUSY 
I :,! ... i" :""i!i;-' ':C 
~ 11.C.~ t -! i1C. •1J 

;;:AK F;Mf!E? 
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7~2 

745 

748 
749 

752 

756 003244 01 6504 000020 
757 003250 !16464 000007 000006 
758 003256 01 6404 000012 

760 003270 042764 000100 000004 
761 003276 152767 000040 174527 
762 003304 
763 003310 132765 000001 000005 
764 003316 001411 
765 003320 142765 000001 000005 
766 003326 :)t 27(E) O(H)(H)OC 
767 003332 01 2701 000000 
768 003336 000167 175446 
769 003342 000 167 17S706 

!ti+ 

' ' 
;***** DRIVER 7I~E GUT EN TRY POINT ***** 

; DEVICE TIMEOUT RESULTS !NA FRAME RETRY UNL ESS THE 1AXIMUM NUMB ER 
; OF RETRYS HAS SEEN EXCEE0ED, . 

r T.!:!~!l '!l"\: 
, lP~rv 1~, 

RO = LITERAL CONSTANT IE. DNR 
R2 = CSR ADDRESS 
R3 = CONTROLL ER INDEX 
R4 = SCB ADDRESS 
RS = UCB ADDRESS 

~AGUT: ~QV V.SC3 (R51, ~4 
MOVB S.IT~ (R4) , S.CTN (R4} 
MOV S.CSR(R4), R4 
BIC #RIE, RCS {R41 
SIC #TIE, TCS(R4) 
BISB ITR,BSY, TRSTA TUS 
MTPS 10 

3ICB ;us.ABO, U.STS(RSJ 
MDV iIE.AB0&377, RO 

JMP IUDONE 
10$: JMP SENDFRAME 

.DSABLE LSB 

,END 

GET THE SCB ADDRESS 
SET THE ;!ME-CUT 
6ET THE HARDWARE BASE ADDR ESS 
DISABLE RECEIVE INTERRUPTS 
DISABLE TRANS~IT INTERRUPTS 

IS ABORT REiiUESTED? 
IF E~ TEEN NOT 
CLEAR THE ABQrt; F~AG 
TELL THE RE@U ESTI N6 TASK ~HAT HAPPENED 
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S"{M3GL TABLE 

N$;LDV= =)~) (!CG1 

;~ $$MDV= GGOC4 i 

DPi:QDE OG0032R 
.~ ,.~ ... . ........ . 
U, A~ i Ut)!JU!Jb 

G.EFN 000010 
O,ESB (H)001 2 
G.LGTH= 000034 

U.ftCHL 000002 
G. ?TC2, ;)OO(H)4 
D,STAT 000014 
?C, ALF= r)00004 
PC.ALM= 001000 

PC. LG~= (H)0002 

PC ,XA.F= ooo~)iO 
PC.XIT= 000200 
PF. ALL= 177777 
PF .INS= 000040 
?F.LQ6= 000100 
tr .RE@= 000200 
?IR~ = 177772 
P~DOE = 030000 
PRO = 000000 
PR1 = 000040 

pq5 = 000240 
PR6 = 000300 
PR7 = 000340 
PS 

l ..,~~~ : = l i ! f [ :~ 

PsfBPR= 000063 

?$$FRS= 000310 
?$$MIL= 0031 00 
?$$LAS= 0(H)000 
?$$LOL= 00ii30 
Pl$NI C= 177S:64 
P$$0FF= 000000 
P$$WRD= 000000 
(i$$0PT = 000017 
RBUF = 00(H)02 
RCCRC 002542R 
RCDATA 002436R 
RCDLE 002502R 
RCFCHA 002276R 
RCFNUM OG 2402R 
RCFXDL 002236R 
RCRC OCG024R 
RCS = 000000 
~DATA JGG246 
REEX!T 002424 
~ESET = 1)00027 

iET~YS= (H)0005 
~EXIT 002424R 

RINDEX 000010R 
RLBC~D= 1)00001 

RST7BL 000446R 
RT CH AR 0(H)037R 
~WDC~D= 000004 
RWU C~D= 000(H)5 
R$$EXV= 000000 
R!$Lt~L= 000001 
i$$Ll1= 000001 

R$tNDL = (H)(H)12 
R$iPCI= ooooeo 
R$$SN0= OOOO(H) 
H$$TPR= 031462 
R$$11M= 000000 
SECC~D= 000011 
SENDFR 001 254R 
SISDRO= 1722(H) 
SMOC~D= 000012 
SPARE = (H)(H)10 

SPBC~D= 0:)0006 
SFFCMD= 000007 
S? I EI?= OO(H)Gl 
SP. EN8= 000002 
SP . LQG= 0(H)004 
SRO = 177572 
SR3 = 172516 
START = 0(H)002 
ST C~MD= 0(H)010 
SriR = ! 77570 
S!tHFC= 000036 
S$$NM1 = 041 525 
S$$NM2= 026524 
S$$N~3= 020111 
S$$TI~= 000000 
S$$T0P= 000000 

S$$WPC= 000024 
S$$WPR= 000005 
S$$YSZ= 004000 
S. S~Sf~ ! 7777 6 
S.EMSV 17777~ 
S. CON 0(E)010 
S.CSR 00001 2 
S, CTM -:)0(H)06 
S1DMCS 000020 
S.FRK :)00016 
S,ITM 000007 
S.LHD 000000 
S. ?KT 000014 

S.R CNT .: : "'7 '"!"7 ··1 
: . I'' '""' 

S,RUFF 177773 
S. STS 00001: 
S. VCT 000005 
Si.BE~= 000400 
S1. CTQ= !)G0040 
Sl.CTS= 010000 

Si . DPR= })i 000 
S1.DSI= 004000 
Si .ESC= 000(H)4 
Sil IBF= !00000 
Si. IBY= Or})20f; 
Si.DEF= 040:)00 
S11DBY= 000100 
Si 1 RAL= (H)0010 
S 1. RNE = 0(H)i)20 
Si I RST = GOO(H)i 
Si.RUB= 000002 
Si . VSI = 0200(H) 
S2.ACR= OOOOOi 
S2, BR~= :.)00020 
S2 .CR = 000010 
32.FOX= 1000(H) 
S2 .FLF= 040000 
S2. HFF = :)2eO(H) 

S2.HFL= 003400 
S2 . :iHT = 010000 
S2 .IRG= 000200 
S2 a ORti= 000100 
S2.SR~= 000040 
S2. !/FL= ,:)04000 
S2.WRA= 000006 
S2.WRB= 0(;(H)02 
S3.ABO= 001000 
'.33. AS?= 002(H)0 
S3.8CC= 020000 
S3 . DAG= 040Q(H) 

S3. RAL = ;)GOO 1 (1 

53 . RCU= 0004(H) 
S3. RPG= G(H)020 
S3.TAB= 000100 
S3.VE~= 010000 
S3.WAL= 004000 
S3.WES= 000040 
S3 .8BC= 0002CO 
TSUF = 000006 
TCrtC OOOG26R 
TCR CSV OGOG30R 
TCS = 000(H)4 
TOA TA (H)G046R 
TEXIT 00 i6!2R 
~:=C~AR ~)0004(!R 
7~NUfi 000042R 

:' INDEX .)0i)GG6R 
~ t ,-.L 

:Lt.~ 

TPS = 1775~~ 

'.RSTAT 000033R 

TR .8SY= 000040 
TR, ~AT= G00(H)2 
iR.DIN= 000200 
TR ,END= 000004 
TR . ERR= OOO(d 0 

~ TR.Q? = 000020 
TR.STR= OOGOC-1 
TSTATE 

TXCRC 
TX CRCL 
~XD ATA 
TXDDL~ 
TXDLE 
TXFCHA 
TJFN!JM 
'!° V '!"t•li.; 
I A, ',iif. 

000022R 

})1 774R 
At1s ..,c ... : n 
iJVl i ~Li\ 

(H)17 44R 

T$$BUF= OOOOGt) 
TS~ CCA= GOOO (H) 
T$$CCG= }JO(H)O 
T$$CPW= OO(H)(H) 

TS$CTR= OGOOGO 

T$$ESC= GOO(H)) 

T$$GiiC= OCGOOO 

T$$HFF= :}:)(H)OO 

T-!tHLD= :JGOOOO 
T$!KM6= OO(H)(H) 

T$$RPR= 000000 
T $$ RST = O(H)OOO 

T$$Sr1~= 000000 
T $$SYN= ;)00000 
";$$S11 = 00000: 
7$$TRW= 000000 
T$$UT3= ;)00000 
T!$UTQ= ~)00 170 

Tt$30P= (H):)000 
:JA .ACC= 000001 

VA.CAL= 000100 

UA: ~::?1= 000200 
UA.ECH= tOGOOt 

VA : ?UT= (H)(l04(: 
UA .SPE= 0000 20 
UA ,TrtA= 001000 
~A . TY P= CH)(H) l .) 

V2,~PR = 170200 
UC. AL6= ·.) (H)2GG 
UC.l;TT= 00001(: 
~JC, rJL = (H)0004 

UC .NPR= 000100 
~jC . PWF = 000020 

UDSARO= !77660 
UDSDRO= 177620 

UD .!60= OOOOG4 
UD. 200= 000001 
!JD .556= 000002 
:J D, 625= 000005 
:JD , 800= 000003 
lJISARO= 177640 
UI SAR4= 177650 
Ul SARS= 177652 
! H :"'·HH - i~ ~ ! C' r. .:1.Jnno- it t:J~~ 

i.J ISDRO= i776CO 
:J ISDR4= 177610 
UISDR5= 177612 
UISDR6= !77614 
~J ISJR7= i 77-Sl6 
UM , CLI = :)00036 

UM . NBR= GfJ~)400 
UM . :JVR= (H)OOO: 
US. ABO= ~)(H)OO i 

US. 3S'{= OC02GO 

US. FRr~= 0000:)2 
US. :~ PF= OOOOGi 
us, LAB= ~)(H)(H)4 

jS. ~DE= CH)Otc: 
US. ~DM= ·:)OG02C 
JS. flN T= G00iCO 
US. JFL = 000({ i 

=:s . PWF = 000010 

US. SHR= i)(H)OO: 
us. SPU= 0(\l(H)2 

~jS. VV = J(\OGt 
:JS. ~CK= 0000: (J 



U, ATT (!000 22 

U.3UF 000024 
:J .CBF = 000032 
U, :~I 177772 
U.CMST= :})01 26 
V.CNT 000030 
U. CDT~ (H)0030 
V,CTCt= 000026 
U.CTL 000004 
U.CTYP 000050 

I ABS , 
003346 

ERRORS DETECTEJ: 0 
t: :"-:~ 
~.: ·._: l 

!J, fCDE= 000042 
V,~NUM= GOGG4G 
U.6RP = 000102 

U, K CS6= GO(H)34 
V:LHD = 000040 
U.~VIC !77774 

V.KLVN= 000050 
i i ~i ni ~ '7!1'7"": 
':i d l\J i ;. i : i i ~ 

v.:JTRF= iJ(H)124 
U. GWN 177776 
U.RBNS= 000112 
U,RCTC= 000113 
U.RCTS= 0001!0 
U.RED 000002 

VlrtTVAL ME~GRY USED! 13001 ~CRns ( 51 PAGES) 
DYNAMIC ~EMORY: 13780 ~ORDS { 53 ?AGES } 
ELAPSED TIME: 00 :00: so 

,SHST= :)(H}G 76 
,SHUN= 0000 74 

.STS OOOOG: 

. S72 O(H)(H) 7 
,SUE = 000036 
,TCH? 000042 
.TCV? 000042 

,TFR~ 000037 
, TLPP ·)00036 
.TMTI 0000 47 
• TRC :::= 000 !00 
.TSTA 00002b 
.TTA3 0000.34 
• TTY? 00(H)46 
.TUX 000024 
.UIC 000044 

U. VT~O= })0036 
U.VCS = G(:0034 

U2.DH! = :OOOGO 
U2. DJ i = ')40(/:0 
u2.::z:= OGC'!OO 
U2.ESC= 001000 

U2.HLD= 000040 

V2.L3S= (H)(H)i)4 

U2.~3S= 01:)(l(H) 
U2, NEC= (H)400G 

U2. SLV= ;)00200 
UL. VT5= 0(E)002 

~L BCMD= OO{H)O"? 

$FORK= ***'** SX 
!GTEYT= **'**i ~X 
!GTPKT= •***** 3X 
SI DDON= 11+111 GX 
$~AI~P 002054RG 
SMAGUT 001 424RG 
$MATBL 000556R6 
!PTBYT= 111111 GX 



4 

10 000000 
i i 

14 GOOOOO 
15 000000 000000 
16 000002 G(H)040! 
17 000004 ~ f~ iO 
18 000006 000 00 
19 000010 000046 
20 000012 000000 
21 
22 000014 171177 000170 010000 

000022 161000 OO OS37 000000 
000030 000000 000537 

23 
'" .:, 
25 
26 
27 
26 
29 
30 000034 ! 

35 000024 000000 
36 000036 000000 
37 000040 
36 000040 000000' 
39 0000 42 000040 ' 

i (H) 

41 000046 000 000 
42 f)ij(H) 50 

43 000052 000000 
44 OOC054 003 000 
45 00(H)56 001000 

47 000062 000000 000000 000000 
000070 000000 000000 000000 
000076 000000 000000 

50 
Cl 
Jl 

52 

0001 02! 

: THIS iS THE OATA TABLE FOR ~ADRV, 3ASE~ Q~ THAT FRQ~ 1T~RV: ; 

.~CALL HW ODF~, SCBDF!, UCSDF! 

UCBDF$ 

$riATBL = 
$MADA.T :: 

.ASCII /MA / 

.BYTE 0,1 

.~ORD MAND-NAST 

.WORD !MATBL 

. IF DF A·$$NS1 

; DE~!NE HARDWARE OFFSETS 

,WORD !71177,170, 10000 ,161 000,537i 0,0,537 

~AST=, 

. IFF 

i9 :Jl\t'• 
. i:.rn: t.,; 

.WORD 0,0 ; l t J COUNT 

.BYTE 3. ,5 

.BYTE OrO 
; S ERROR Ll~IT, H ERROR LIMIT 
; S ERROR COUNT, H ERROR COUNT 

:iJI A:-.. r s 
r l i iil)• • 

, ~ORD u 
.WDRD 0 
: WORD 0 

.~ORD ~ADC3 

.~ORD _,.. 

.3YTE UC.ALG (UC.PWF !!,US. MNT 

.BYTE 0,0 

.BYTE VD .800, UD. UNS 

.WURD 

.~ORD 
:J VTt 

,-.:i H .. 

r: .i -~: 
..:"i""'' 

~ASCB 

l ' M! 
;_,1. i d . 

:"' i'H H.! 
= ... Jt..;:.'i 



1ATBL ~ACRQ ~i200 :O-JUN-86 it:15 ?AGE 3-! 

55 000!02 000000 
56 000104 000000 

58 000106 000000 1 

59 000110 000106 3 

60 000112 
61 OD0i14 001 000 
62 000116 140141 
63 000120 000000 
64 000122 
65 000124 001000 

67 000130 000000 000000 000000 
000136 000000 000000 000000 
000144 000000 000000 

68 

70 

72 
73 (H)Oi S.0 

75 0001 50 000000 0001 50 ' 
76 0001 54 240 072 
77 0001 56 000 024 
78 000160 000 000 
79 000162 176550 
80 000164 000000 
81 000166 000000 000000 000000 

82 000i76 000000 

·$~AO:: 
MASCB: 

OVTC' 
••• I j :,. UD.iJOO~UD.UNS 

.UGRD ~ASCB 

,BLKW 3 

.WORD 0, .-2 

.BYTE PRS,350/4 

.BYTE 0~20. 

.BYTE 0±2,0 
:WORD 176~:50 



~A73L MACRD ~1200 :o-JUN-66 !6:ts ?AGE 3-2 

A$$C?S= OOOGOG 
A$$NSI = O(H)(H)!) 

A$$PRI= 000000 
A$$TRP= OO(H)(H) 

S$$LV1 = 031063 
3$'$LV2= 02(H)40 
CMODE = 1400GO 
C$$CK?= 000004 
C!SINT= 000000 
C$$0NS= 0000(;1 
C$10RE = :)02022 
C$$RSH= i77S64 
C~$SMT= 000000 
C$$TTY= 177564 
UV .CCL= 000002 

DV,DIR= 000010 

O'J . F 1 ~ = ~:~40000 
DY.ISP= 002000 
OV.~BC= 000400 
UV I MNT = i OO(H)O 
DV .~SD= ~)00100 
DV. JS?= 0(:4(H)0 
JV.?SE= 010000 
DV .REC= 000001 
DV1SDI= 000020 
JV. S6D= 000040 
DV . SWL = ;)01 O(H) 

UV .TTY= 000004 
DV.U~D= 000200 
Df$H11 = 000001 
DlSIAG= OOOOCH) 
tJ!$IS~:= 000000 
D$$L11 = 0(H)(H)4 

D$$SHF= 000000 
D$$YNC= 000000 
D$$YN~= O(H}(::(H) 

D!SZ11 = 000001 
E$$DVC= 000000 
E $$LOS= OOOC(H) 
E$$XPR= (H)OOOO 
FE. CAL= 000040 
FE.CEX= 020000 
FE.ORV= 000010 
FE.OYM= 010000 
FE.EXP= (H)02(H) 

FE.EXT= 000001 
FE.EXV= 000004 
FE.F DT= 002000 
FE.LSI= 000400 
FE.~UP= 000002 
FE. ~XT = 04(H)(H) 

~:. ~25= 00 4000 
FS$L?F= 000000 
fi$LVL= OOO(H)i 

F2:AHR= 010000 
F2. DAS= O(H)(H)i 

F2.JPR= 000400 

F2.56F= 002000 
F2.IRR= 001000 

?2. RP = (H)(H)04 

F2.?GL= 000100 
F2.RAS= 004000 
F2.RBN= 020000 
F2 .SDW= 000040 
F2.STP= 100000 
F2.SWP= 040000 
?2 :~ND= 000200 
F3.AST= 000200 
F3 . CLl = 001 (J(H) 

F3. CRA= 00(H)01 
F3.EIS= 000004 
~3 . NWK= 0(H)002 
F3 .?NN= 004000 
F3.PRO= 000040 
F3. RLK= 020000 
F3.SHF= 040000 
F3. STN= (H)OO! 0 
F3 . T CM= 002(H)0 
F3, UDS= (H}0020 
F3.WAT= 010000 
F3. XHR= (H)O t 00 
F3.11S= 000400 
6$$£FN= 000000 
6$$TPP= O(H)OOO 
G$$TTK= {)00000 
G$$WRD= 000000 
HF.CIS= 000200 
HF,EIS= 000002 
HF,FPP= iOOOGO 
HF I USM= GO(H)i) 1 
H$$RTZ= 000062 
I$1RAR= 000000 
I$$R0N= 000000 
~~DSARO= i 72360 
KDSDRO= 172320 
KINARO= 172340 
KINARS= 172352 
KINAR6= 172354 
KiNAR7= 172356 
~I SARO= 172340 
KISARS= 172352 

KISAR6= t72354 
:1 ISAR7= : 72356 
\ ISDRO= ! 723{\J 
FJ SDR6= i 723!; 

K$$AST= OOCO(:G 
K$$CNT= 177546 
K!$CSR= 177546 

~J$TPS= 000062 
LD$CD = 000000 
LL;!DD = OOGOOO 
LD!MS = O(H)O(:G 
LD$MT = !}00000 
LD$TT = 000000 
L$$AS5= (H)GOOO 
L$·;DRV= 000000 
L$$LDR= 00(;000 
L$$50H= 000000 
~ADC8 OOOOOOR 
MAND = 000i02R 
~ASCB :)(H)1 S·OR 
MA ST = C:OOG34R 
~PAR = 1721 ;)O 
~?CSR = 177746 
M$$CRB= 000124 
M$$CRX= O(H)OOO 
~$$EIS= 000000 
~$$F CS= OO(H)OO 
M$SM6E= ·)GGOGO 
M!'S~UP= OO(H)(H) 

~$$GVR= OGOOOO 
M.BFVH 0000:1 
M.BFVL 000012 
M,L6TH= 000014 
~. LNK OO(H)OO 
~.VMRA 000002 
~ /JMRN 000(H)4 
M.UMVH 000010 
M, UMVL :)00(H}6 
N$$LDV= 000001 
N$$~0V= J00041 
N$$UMR= 000034 
PIR{i = -1 77772 
P~ODE = G300!JC 
PRO = ~)00000 
PRi = 000040 
?R4 = i)(H)2'.)0 

?~5 = 000240 
PR6 = 00(1300 
rn: = 000340 
?S - ~ i!f'"'!L 

- l ! !'ji u 

P$$BPR= 000063 

FStFRS= 00031C 
?!lHIL = :})31 00 

~stL~S= OGG:)OG 
'.J $$~GL= GGi 13{: 

~$·$EA¥= 000000 
R~SL~~= GOGOOi 

X$$P0I = (H)OOOO 

SPARE = GOG010 
SP.EI?= 000001 
SP1ENB= 000002 
SP.LOG= 000004 
SRO = ! 77S-72 
S~J = 172516 
SWR = 177570 
S$$HFC= (\H)036 
S$$NM! = 041 522 
S$$N~2= i)26524 
S$$N~3= 020111 
S$$Tin= 000000 
S$$TD?= 000000 
S$ $WLK = (H)O(H}O 

Si$WPR= (H)OOOS 
S$$YSZ = :)04000 
S.BMSf~ 
s.a~sv .f"!"!"! "! ! 

i; ff f;, 

S.CON 000010 
S.CSR 000012 
S. t:TN 000006 
S. DMCS 00(H)20 
S.fRK 000016 
S. ITM 
S.~HD 
S.?~T 
S.?RI 
t" ,!'·H'!" 
~ I i'\!.:11 i 

S.VCT 

000004 
1 "'i"!"'!'"T·· , 
i ;' i l f k 
i '1"!"!"':'"':' 
l [if iJ 

(i(H)01 i 
000005 

S1.3EL= 000400 
·'.31.CTG= 000040 
Si.CTS= 010000 
Si, DEC= 002000 

S11DSI= 004000 
f:1. ESG= (H)(H)04 

51. lBF = 1 :)~)OGO 

'3i.~ST= OCOGG : 
31. RUB= \)(/H)2 

S2. ACR= })001)1 

S2. HFL = })34GO 
'.32. HHT= 010000 

S2.SRG= 000040 
S2 . VFL = (H)400(1 

S2. WRA= ({0(:06 
'.32.WRB= 000002 

33. ABP= :)02000 

:33. RAL = (H){~Q 10 

S3. RCU= O~JG 400 
S3, RPO= 0(H})2(l 

T$$ACR= :JOCOOG 
T $1STW= :)(H)OOO 
T$$BUF= }};ooo 
T·tsCCA= 000000 
T$$CCO= :)00000 
T$SCPW= OGOOOO 
TS$CTR= }\)000 
T-$ $CUP= (H}}iJ:)0 

T$$HLD= ~)0000(: 
T$$ ~~ MG= GO((i:)i) 

T$ $L ~4C= GOGOOG 
T·!$M1 i = 000001 
T$$RED= OOO(h)C 

T$$RPR= ;)(H}(L}~) 

T$sRST= })000(: 



T$$UTD= 0(H)170 
T$$V58= 000001 
T $$V8F = (H)OG(H) 

T$$JOP= 000000 
UBMPR = 170200 
UC .ALG= 000200 
UC.ATT= 000010 
UC.KIL= 000004 
VC.L5H= 000003 
UC.NP~= 000100 
UC.PWF= 000020 
UC.@UE= 000040 
UDSARO= 177660 
UDSORO= 177620 
VD .UNS= 000000 
UD.160= 000004 
UD.200= 000001 
VD. 556= 000002 
U0 .625= 000005 
VD .BOO= 000003 
UISARO= 177640 
UISAR4= 177650 
UISAR5= 177652 
ViSAR6= 177654 
VISAR7= 177656 
UISDRO= 177600 
U1SDR4= !77610 

. ABS. 177776 (H)O 

000200 001 
ERRORS DETECTED: 0 

~JISDR5= i 77612 
u: sDrt6= 177614 
'.J ISDR7= 177616 

UM . GYR= OOO(H)i 
us. AdQ= O(H)(H) ! 
US.3SP= 000002 
US .3SY= 000200 
US,FGR= 000040 
US.FRK= 000002 
US,KPF= 000001 
US.LAB= 000004 
US.~DE= 000002 
VS.~DM= 000020 

US. UFL = 00(H)01 
us. PUB= (H)0004 
US .PWF= 000010 
US .RED= 000002 
US.SHR= 000001 
US.SPU= 000002 
US.UMD= 000010 
US /JV = OO(H)Oi 
us . WCK= (H)0010 
U$$MHI = OOOO(H) 
U!!MLQ= 160000 
U$$MRN= 170234 
U.ACB 000052 
U,AC? = 000032 

l"\J :""!"" ~ -

r·Att ,1 - j 

VIRTUAL ~EMORY USED: 1!966 ~GRDS { 47 PAG ES) 
DYNAMIC ~E~GRY! 12724 WORDS ( 48 PAGESJ 

rAD~A 000056 

• BUF ~)0002 4 
• CBF = 00(H)32 

:'t! 1 i ~'"!.,.,·'": 
• ~Li i i ff f ~ 

.CMST= 000126 

.CNT 000030 

. crca }\)026 

.CTL 000004 
, CTYP t)OG050 
• CWi (H)0010 
• CW2 (H)00i2 
.CW3 000014 
.CW4 000016 
• CYL = O(H)! 04 
.DCB 000000 
.FCDE= 000042 
.FNUM= 000040 
.GRP = 000102 
.HSTI= 000054 
.XCSR= 000032 
.KCS6= iJ00034 
.LHD = 000040 
.L!JIC 177774 
.i~EDl= 000070 
.ML UN= 000050 

Mi iO ~ 111"7·~1 
rii:..;I .i I i i i.::.. 

.DTRF= (H)Oi24 

ELAPSED TIME: 00:00:49 
~ATBL,MATBL/ -S?=LB :[! ,1JEXENC/~L,LB:[11,10JRSXMC,SY:[100,34JMAT8L 

.RSNS= 00011 2 

• RED2 (H)0034 

.SMST= 000076 

.SHUN= 000074 
,S?C = 000036 

:ST2 000007 
1:3UB = 000036 
,TC~P 000042 
• TCVP f){)(H)43 
• TFLJ:~ 000040 
.TFRQ 000037 
• :"LP? 000036 
,T~TI 000047 
. TRCK= 0(H)100 
.TSTA 000026 
• iTAB (H)(H)34 

.TTY? 000046 
.TUX 000024 
.VIC 000044 
.UNFL= 000052 
.UNIT 000006 
llll1~"!- :\t~:-~;J. .! 

I :..,:r,,;:. - :.)'!}tj i l if' 

.UNTI= 000060 

.VTMQ= 000036 
• VC3 = ~/j(H)34 

:- • •• •! 
. ·:. ·:: :--~ 

U2. AT,= ~::(H)02t 
U2 .C~T= )0 2(100 

V2.JJi= Ci4000 C-
U2.DZ1 = OOOiCO 

t.12.HFF= 010:.)00 

132. LOS= 0004({ 

U2. L3S= 000(H)4 
U2.L8S= 01GO({ 
!12. NEC= 0040(<: 
U2.PRV= 000010 
U2.R~T= 020000 
U2.R04= 100000 
U2.SCS= 000004 
U2.SLV= 000200 
U2. VTS·= 000002 
U2.7CH= 0!0000 
U3.UPC= 020000 

V$!CTR= 000400 
~J $$RSN= GO(H)40 
;~ADAT OOOOOORG 
!MAENO 000200R6 
$~ATBL= 000000 
SMAO 000150R6 
.NAO 000040RG 



LUC GBJ 

Oi FA 6800 
~Ji FC F33F 
O! FE 7A2E 
0200 GEE7 
0202 87F6 
0204 ;cc~ 
0206 95D5 
~)208 2AA1 

020E 8192 
021 0 4iJ68 
02!2 CF7A 
0214 5448 
0216 DD59 
0218 622D 
02iA EB3C 
021C 700E 

022~~ 3FF7 
0222 ObE6 
!)224 9DD4 
0226 14C5 
0228 A881 
022A 22AO 
022C 3992 
022E 3083 
0230 C77B 
0232 4E6A. 
0234 D556 

0238 E33D 
023A 6A2C 
023C FilE 
023E 730F 

~INE SCURCE 

404 

4(5 

407 

4(v1 +! ·iEJECT 



8086/87/fS/1 86 ~ACRQ ASSEMBLER 

0240 iE 

024! 380000 

:)246 38----

02~C A33600 
OL~F A34E((~ 

0252 884A05 

0258 85F7G4 

025E BSFB05 
0261 AJ4COG 

0264 38----
026 7 :3ED8 

414 
415 
416 

SDURCE 

Init_coms 

; FUNCTION : Sets up t~e da~a link, I~terrupts are set up! tuf ers c~eaned, 
fr;me ~u]be~ ; set ~a 0, oaud rate t0 9600l re6 time clock 

418 ; INPUTS : ~~n eJ 

420 
421 
4~2 ; JUT?UTS : ~one, 
423 
424 ; DESTROYS : AX, JX, Fl~ss. 

426 
427 
423 

432 
433 
! 1 ,1 
":',. . ., 

439 

445 
446 
447 

450 
45i 
452 

/ 

push DS 

DS: 

ffiiJV 

mu v 

~ov 

DS ! 

ffiOV 

AX~ Int_painters 
DS, iJ 

-
Ty;.e _i2_seg, .~X. 
i ype _i3_;eg 1 M~ 
Tyfe_i:t_se;, AX 

Type_t3_offset! x 
~J, ~ffset ~i12 J: 

Ali .:t J .. i. 
tiA ! \J_ iiaid 

L!S1 AX 

' i f 



1::1::1 

I 
I.·--

1:a.1 
1::r• 
1·r.1 

,:·1._ 

·-.·::• 
1:::. 
t:L• 
,:: ... 
,·:1.. 

,
·r_; 

l
.1.J 

,.•.:• 

t~= ·--r.:1 
1::i::1 
····•·· 
:t~ 

..... 
.. ,:1· 
,::::·, 

....... 
-----· 
::::, 
.:.:,;1 

~~:!~ 
u .. 1 

f 
1: .•• :1 

r_ .. , 
r.:i::: 

:ru:: 
:::::-

::-i::: 
1:-_-;, 

r.::::, 
1:.,--1 

,: __ ::a 

,--1::: 
L.1.J 
__ .. I 

c:l':1 
::ii:: 
L

.1.J 
,:.r:i 
r..r:1 
···:r: 
r.::::1 
1::1:·: 
,:._:. 
·•;:L-: 
::•";· 

... (
)
 

1::1;:1 

....... 
:!~§: 
....... 
1:;1::i 

·····-
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8086/37/3E!!B6 ~ACRG ASSE~BLER 

02A6 C7062E020000 

0281 C60693GC10 

0286 C70602COOOOO 
OZBC C7062Z020000 
02C2 C7062802~FFF 
02C8 C706Q4000000 
02CE C70606000000 

0204 BA3ZF? 
0207 B60700 
02DA EF 

02DB BA38FF 
020E 381800 
02E1 EF 

02E2 BA3AFF 
02E5 t:81~00 
:)2E8 tF 

02£9 iF 
G2EA C3 

. ' ~,~ --~ ._. ;;;_ 

500 

502 

504 

509 +1 
5i0 +2 
511 +2 
~ ~-~: i~ 
_: ;,, i.. ; ;,, 

513 +1 
514 +1 
515 +2 
516 +2 

518 +1 
519 +1 
520 +2 
521 +2 
522 +i 
523 +i 

526 
527 
526 Init _co~s 

530 7! $EJECT 

R_1:i·:l ::·::_ :~;1 ~ 
R_in _ptr·~ 0 
R_out _?t;· , i) 

DX,INT_TMC_reg 
AX, INT_TMC_va! 
DX, AX 

DX, INT _INTO_r· eg 
AX, INT_INTO_vai 
DX, AX 

DX, INT _INT! _r· eg 
iV T•!T 1\IT J · - - 1 
MAJ i~ l _ lifll _Vd i 

DX , AX 

:}4/29 /86 

Now se t ~P the int er r~ pt 
::Jatr·u l: ~r· 

I'". & .--

rni.J: 



: ("! ;"'l. 
1-U•.1 ·1;_: . .; 

0002 

02ES 

041 29/86 PAGE 20 

SJ! ;------------------------------------------------------------------------------

543 
544 
545 
546 
547 
548 
549 

4 - 1200 tiau • 
5 - 2400 bau • 
t a •••• ~. ••• 1 

=~ - ~:5uu r:a!J • 
7 - 9600 Dau • 

Sb _ch_riuiii: Channe l se l ei: 
(1 - Data i in 
i - Ter·f4i nai 

jJU CALLS: None. 

552 ; QU TPUTS: None, 
553 
554 ; OESTRQYS: AX, 8X1 DX, Flags . 
555 

JJ / 

558 
559 

So i 
562 
563 
~ ,: 3 
.;O't 

" ' " JbJ 

566 
567 
C i Co 
.J::J:J 

569 
570 

572 
~.,.~ 
j {J 

Se t_~aud _st r· !JC 

SD _r· etur·n 
Sb ti se i 
Stt ·:~1 i: Jm 

Set _baud 

·j 



02F2 Cl E302 

i)2FA 3A.52Fi= 
02FO 8B46G8 
0300 1DOC: O{i 
0303 7408 
0305 3DOi GO 
0305 7513 
030A 3A5AFF 

0300 2£:584 720 
0311 EF 

031 33C302 
03! 83C202 
031 2£384720 
031 EF 

03 C9 
03 CA0400 

576 
.;i f 

573 
:79 

566 

588 
559 
590 
591 
592 
593 

595 
599 
600 

SOURCE 

601 +1 ·$EJECT 

. -
A;:~,~i;Gl ~ 

mov 

OiJt 

add 

out 

ieave 

2:ft:: BPJ.Sb b ;t '. 
i ~: 
c. ·\ ~ 

3X, ;iz! Saud ~~i 

Sb exi t 

DX 1 MCNTOA_r·~g 
Al, [BP:.Sb c~ ~~, 

AX, CS:Baud_tbl(BXJ 
DX, AX 

:i"./ .... 
C=A, f. 

DX, 2 
AX, CS:Baud _tbl[BXJ 
DX, AX 

;Is thi s 3 taiid ~aud ~ate~ 
;If greater then not 

;Get the chan~e l numb er 

;If not then !r~or 
;Laad u~, fur· :hann e ~ ! 

;Get the first A reg ¥3iu e 

;Now to get th e 3 reg value 

size Set_taud _; truc - 6 



: .~ ."!. ~~ '! 
:.-..; •,i :.;;..:".; 

0002 

OGGA 
OOOE 
0010 
0014 
00!8 
OOiC 

:Y7 1H 
lj;j~.i, 

0321 C8000000 

~)4/29 /86 !'":.\ .-
ifr.:: 

S02 ------------------------------------------------------------------------------

604 
605 ; FUNCTION : Transfers a received fraIDe ta the cal1ifig ~ro;ra~. 
606 
607 ; INPUTS : 
606 
609 
610 
iJJ 
Qii 

6i2 
613 
/J:! 
Oi1t 

6i5 

R_2rror _;dd~ : address of the error ii ;; 
~_fr:um_a:jdr· : .1l}!j;·es:. uf the 7r·affie number· 
R_ind ex inde~ intJ t~e data table 
R_data_ad dr : address ~f t~e dat~ re; 
~-~ength_addr : 1ddress of the lengt ~f t~e fr;rae 
R_tc~ar _addr : add re ~s of the ~od c aracter of the f~3me 
~ ic~ar ~dctr : address of the start (~ar;cter Jf ihe f~i!@ 

6f6 : CALLS : Non e. 
, ' .. 
bl! 

618 ; OUTPUTS : Data as defined ;bove writt en1 
6!9 
:~20 ; DESTROYS : AX, SX, CX, SI, D1 1 ES, F1ags. 
621 

625 
626 
627 

629 

..... 
:Jj,j 

634 

637 
638 
639 
640 
t ., 

b~l 

R_fi·aiae _str·uc 
R_:Jid_BP 
R r· et ur·n 
R_~r~or_;~dr dd 
R fnum addr dd -
:'I • ' 
':i 1 ;"'1 1"::J"i 
:: _ ... i:·,1.s.."I 

~_J;!~ _~ii·Jr· 
R l en:;t h_~,j :jr· 
Q_t.:!,ar· _;d.ji· 
R_ f :: har· _addr· 

R_fr·ame _str·uc 

J .. 
iJW 

dd 
dd 
dd 

ends 

/ 

R f r·ame pr-oc far· 



LDC OSJ 

0325 iE 
0326 2:8----
0329 :5ED8 

0326 A09000 

0331 268807 

0334 A10(H)0 
0337 C45EOA 
033A 268907 

033D A10200 
0340 C45E14 
0343 266907 

0349 C45Ei8 
034C 25FFOO 
034F 268907 

0352 A09200 
035S- C~SEiC 
035:5 25FF(<: 
035B 268907 

035E C47Ei0 

0361 037EOE 
0364 BE0800 

0367 880E0200 
:J36B FC 

036C F3 

650 +2 
-~5 i +2 

653 71 
654 ~1 
655 +2 
656 +2 
657 +1 
658 +1 

660 +2 
661 +2 
f f ··· : J co.i:: 11 

663 ~1 
664 +1 
665 +2 
666 +2 

668 ~i 
669 +i 
670 +i 
b71 +2 
672 +2 
673 +! 
674 ~1 

676 
, .,., 
b ! i 

L ~ft wu~.1 

: O:i 
OOi 

684 
685 

les 

Ai , C_da~a 
DS1 A'f 

byte ptr ES:(BXJ, AL ; anJ ;tore it 

04/29/66 PAGE 2: 

AX. H f ijUm ;Get the data 
B:~, ~3?J . R_fi11J~ _a (~r ;The a,1:Jr·ess :;f ~hei·P it goes 
word ptr ES:[BXJ, AX ; and store it 

AXl R_i ength ;G~t the data 
BX, [BPJ. R_J~ngth_addr ;The address of where it goes 
word ptr ES:[BXJ, AX ; ano store it 

~ov -AL, R_t_char ;Get the data 

1es 

cid 

;The address cf where it goes 

word ~tr ES:[B XJ, AX ; and ;tore it 

BX, [BPJ. R_fchar addr 

JI, CBPJ,R_i~Je~ 
S11 offset R_data 

;The addr ess of ~here it goes 

;Get ~he ~at a buffer 
; addr·es: 

;Get reaciy to transfer the 
; received fr;me 

;Set increment 

; Oa it 



036E :7062302FFF~ 

0374 80269300F7 
0379 800E92G01C 

037E C70602000000 

0384 1F 

689 
690 

692 

695 

i :-,-: 
07 i 

699 
700 
701 +t 

04129/36 PAGE 24 

3QU RC: 

.. . 
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0393 FB 

03l? ?5F9 
039B 300E930004 

03AC 83C8 
03AE &A4610 
03B1 A22GG2 
0384 3A4612 
0387 A22!02 

03BA C45E08 

03BD S87E:)6 
OJCO BEOOOO 
03C3 EJOB 

03C5 268A01 
03C8 88349800 
03CC 47 

03CE E2F5 

03DO C70624020000 
0306 C70626020000 
03DC C7062A02FFFF 

03E2 8A25FF 

03E5 ED 
03E6 25EFFF 
03E9 EF 

03EA lF 

754 
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762 
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767 
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772 
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~~~ :: : 
iii 
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Next _dat a: 

st l 

ffiOV 

l f:( 

. .,.._ 

._: ;:: 

~x t _dala 
DSi X 

Status, ffiask TX _bu sy 

At, [3PJ. T fnu ii_;:~r- et the fr· .l:§2 r1u~t:er· 
T f rHJffi! AX ter·e 1 t 

T _i ~ngtr" ~~ 
ex~ AX ;Stu r·e l ength for !3t2r u:e 

,, • :a: 
: :·.~~ 

AL, [BP:,T_tchar_par ;6et the terffiinatin; charac!2f 
T t ::har, AL ; and stor-~ it 

BX, [3PJ.T data addr ;No~ 3et t~ e data address 

;In1:iaiize the loop inde~ 
SI, 0 

T_da ta[SIJ, AL 
r: r 

SI 
1aop Next data 

GU t 

T_; tate, J 
Tr· _index~ 0 
T _cr;: , Cr·c _i ni t 

DX, INT _t1SK_r· eg 

DS 

;Set t~ e transmitter state 

;Get the cur~en t mask s~t tings 
1En~t:l2 
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03F7 8E D8 

03F9 8B4b06 
03FC A32E02 

03FF 1F 
f)4(H) C9 
0401 CA0200 

SGURC'.: 

795 ------------------------------------------------------------------------------

"70i 
i :i 

799 

302 ; CALLS : ~ane. 

304 ; JUT?UTS : None. 

807 

610 Se t t~]er_struc struc 
311 
812 
313 

S_o1d_3P 

516 Set tiffier_struc ends 
817 

319 
320 pr·uc tar· 

322 

824 
825 
626 

628 
829 

831 
832 

:337 +i ·iEJECT 

o,o 

~1, _·1ata 
-:~ ¥ u~, :'\ 

AX, L3PJ . Tiiie 
CGunt ! AX 

DS 

et the t i~e ~alij @ 
t=Jt·e il 



0404 f8 
0405 8SiE0600 
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041D 32D5 
041F 3AC7 
0421 32FF 
0423 D1E3 
iJ425 2E3347~;J 
0429 A32ao2 

042C 58 

042D 881E2202 

0431 D1 E3 

04/29/86 

u~~ ; ----------------

640 
841 ; FUNCTION : Assemb le s the rece i~ ed fr ;~e frJ1 characi~~s ;t~ r2G in tte 
342 circu lar rec21 ve bufferr ~hen a co;p1~te fr ame is ~ecei v2d a 
843 saftijare interru t i; ge erated ~ote that th is proc2dure i; 
~~~ original ly ca 11 e from t e r2c2 ve int 2r r~ pt , but thefi 
845 continues until he rece ve buf er is efilpt y. 
846 

848 

851 ; GUT?UTS: None. 
852 
853 ; DESTRGY5: AX, 3Xt DX , Flags. 

355 

,559 
860 
861 
8b2 

364 

868 
869 

372 
373 

879 

sti 

inc 
and BX, OFFh 

AL, R_buf[BXJ 
AH, AH 

~J Ai 
:.H .. 1 m .. 

ML1 3H 

R_cr·c ~ At. 

~. ~':-

f .. fH1c 29 
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054E 36----

G553 881£2402 

055D 2EFFJ70E 

0561 3010 
0563 E2:6F~G 

0566 A02102 
·1 569 E36990 

• r;: i,- .-.:·::·:: .'"·~ 
.:UJi\'..-C 

054 
055 ; INPUTS : None, 

057 ; CALLS: ~on e, 

059 ; GUT?UT3 : Non e: 
060 
061 ; OES TRDYS: Non e. 
062 
,•.: , 
t)Q.j 

064 
065 

C67 
068 
069 
070 
071 
072 
073 
074 

076 
077 

079 

083 
064 
OBS 

092 

li!C 

Tr· _! (har·: 

AX, -·~ita 
i'\r"• :, 
u~, J.. 

3X, i 

T ~tat: 

CS:T_tab ie [B XJ 

~L1 DLE 
c~-ffi t:~ e;.:t 

AL , T_f_c ar
Caiii_t}: _t~ t 

:~;e t r·:2:}y n 111~ p v1 a ~h t 
f ,. .l . +,-;. l - i,. •. 
! =· ~ ~ :. t :. :l i.: :: 

;Assume that ij e ~111 go 
; to the ne~t ;t;te 
;~a t~ e sta~; ~;~ 

Pl: .-r- ~!"' 

;-f·PJ ~ ~J 
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05FA CF 

~~ 17 
.i. "':.,H 

11 3:3 

~140 
J .LH 
Li 't l 
! ~ .IJ ·"I: 
. ~i i. 

1143 

1146 
1147 
!!~8 
1149 
1150 
.. ,~, 
iiji 

~ ~ ~ -~· 
.i. !..J~ 

1153 
154 
.! CC 
i..iJ 

!St: 
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lCO 
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ill 
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.J!j=,.,·n :.., : 

176 +l !EJECT 

ITT CV 

1~JV 

i r·e t 

endp 

AX1 !as k TO _int ; !s; ;2 
S~; t~ s! ~ot ; as k T~ ~1~1 
DX; AX 
AX! T _crc _save 

. ., u .,. 
CJ,! 1 ere 
BL ~ AL 
.i.J ~ !I 
ML, i::i1 

Bli, BH 
BX, ! 
AH, AH 
AX, CS:Crc_tbi [B X} 
T_cr·c, .4X 

DX. USARTO data 
DX, AL 
JX, INT _E QI _i"eg ;Get ready to ~e-e na~ e 1rt errupt s 

;Non spic1 fi c ~nd of nt2~r~pt 



OSFB 
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OSFD 1E 

0601 8ED6 

0603 833£2£0200 
0608 7408 

060A FF:JE2EG2 
ObOE 7502 

061 BA22FF 
061 860080 
061 EF 

Obi 1f 
061 SA 
061 58 

04/29/86 PAGE 1, 

~rif :; r : 
,J:,;;,.: ,1: ... ~ 

!177 ------------------------------------------------------------------------------
!178 ;?ro ce dur e Time_1 nt 
ii79 

interrup ; gen era ed . 
1182 
£ i U1 
l 4!..i1.i ; INPUTS : None, 

!87 ; GUTPUTS : ~one: 

189 ; DESTROYS: None. 
i90 
19! 

193 
194 
195 
fib 

Time _int pr·oc tar· 

i ~r ~ 
iii 

i98 
199 

204 
205 

209 
lfit 

mov 

AX 

AX, _data 
DS, X 

Count 
: r::i ::me ~i;t 

Time _Gut _int 

)X, INT _EOI_r-eg 

s th e count finis~ eci? 
u nottlln9 

;If stil l time then do nothi1s 

;Get ready ta ~e-enab e int errup t; 
;Non ~peci f1c end of nt 2r rtpt 



t:.,··· 
1:;r .. 

•····:, 
r···:, 

I 
t, .. 

:'.'.i'., 
H:~

 
n

:, 
·•::1:: 

1..1 .•• 

·•:::• 
,:::: 
1:1., 
1::, •. 

••::1:: 

1::i::1 

;;:;::: 
1"•,,1 

,;;;j:: 
,:::::, 

1..1..1 
..... .1 
::::::. 
,:;:::, 
c

.:1 
::1:·: I 

'.(i? 
... :~: 
1:·::i 

::-:·:j 
...... 1 
t::t::I 
:m

.:: 
1.1..1 

'.);~
 

1:::::1 

·•::t.:: 
:11:·:: 

,::1::1 

t::t::i 
r.:,:1 
······· 
r···-
,:,,::1 

;;;g 

l..t.J 
,:._;. 

[t: 

1., .. , 
;;;:•:; 
.... .I 

i::i::1 
c:::, 

,: ... :, 
i::.::1 

.I 

-o:::o 
,:::: 

1:1,1 
,:m 

I······ 

··,;:,-
-.:;:, 

,:;:; 
,:.::: 

...... 
,;·, .. , 

·····:, 
••::t" 

..... , 
.•. i::, 

t•• ... 
1;

·.,1 
,:····I 

C
···I 

1;···,l 
1;·•.,1

1
;-,.1 ,;-.-1 

C
··,I 

,: 
.• J 

.:····I 
i:-···1 c

·,,I 
1;···,I 

··I 
,:···-1 

i:····1 
...... , ....... 

L
I ... 

,: .. :, 

..::::;. 
::;:r.: 
::;;::, 
c:::, 
....._ 
a:.n 
1::t::: 
,::::;, 
.::,::: 
.::1::: 
1..1.J 

,::;::, 
:;:;~~: 

1..1..1 
....... 
1..1 .. 1 
..... .1 
r.:, ... 
:m

::: 
~:::1: 
:....J 
,:,::, 
::,r:: 
lJ

.J 
,:.r:i 
r..r:1 
... :c; 



ST~T LINE NESTl N6 

:;~ !·. 
"j" "..1:,i/ 

itttf*+±*+i+tftttittttttttt1f*7+tf~+1ttf+ttt+.!t***itttttffttttft*ttttf+t*f*t+ 
ttfttttt±t±tTtttt±tfttftt*f***********f*tit*t**~fft~fftttttfttttfttttfft*t*tf 

Restric ti ons : Non e, 

Thi s i odu le ~r ovra es the tiack level layer Jf t~e data !i~k . Fr~~es 
tv Comm ~_~odu1 e) are assemb led by th :s module i~ta ~Jo cks. C~c2 an 2Ati;~ 
t! oc k has ~e~ n ac qui red the ~ain progra1 :s signaled vi a a s~ ft~ ~re in ter;upt. 
T~e mai n program then processes th~ blJ ck and then se nd s a r~p ly ~~o ck~ 
~is1 fi a th 1s ~odul e: The ~lock is spli t ~nt0 frame s, ;nd transrnit~2d. All 
ei"r·or· cuntr·oi is :]on e by ~.r:i s 11G1~!Jle, .~nd th e typ e :J : data · iilf. i ~ 

$EJECT 



.. 
; 

!co~pact f-canst in code-) 

:lt: :': il :': ·'! 1.., ; 
• : l" i" .. ti·~ .I, :~ l 

1tives; 
2~~~or~s Ini _taP~ 1 Se ec E~a~~ _:ape, ~ead_b1ack; 
; :~ ;~-~; ~ri ~- ~l ~( ~ i ~i !_~it\_~J1s _;ap , ~ri~e_EOF; 
exp orts pace, :~t~! _;ta l 5! Ji: _Iin e~ Re~iJJ_~ape; 
exports et _RTH _~i gh~ Se -~7~ }o~! ::;~; 

exPor ~ In t coms, Set _taud , 
exp or ; Se ~:~er : 

- .'l : ~ 
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1;r ~_num : 1ntE;e~; 
; ;r : ;r·J~ : ~GGl~;~;; 

;rocedure T_fram e(T _f _char : in eger; 
T t char : nteger; 
T_length : nt eger; 
T f u : integer; 

~rocedure Set _ti;er(Time : inte;er ); 

cans t f arne _rec _int 
: rn e_Dut _iat 
S :J.:k_~· ~c int 

procedure Init _bl ock _IO; 

= 100; 
= 101; 
= 102; 

procedure 31uck _in (var In _b1oc k : Input _bljf_tipe); 

?roc21ure 31ock 3ut !va~ ut _b1oc k : Out?u _buf _type; 
lock length : 1n egei·i ; 

ca nst [!a.t a_ : ~~1gt~1 
B 1 :1c ~:_: ~ng~ '"1 

N_drive s 
Ci k_den 
Unit _O_~C 
Un it _i_MC 

= 5201 ; 
= 5207; 
= 1; 
= 6250; 
- J"'!M, 
- tJ7 ! 
- .'jl;.tp 
- i. J ·if 

typ e Tape_data_typ e = record 

Stop : integer-; 
Naster _cloc k : integer; 
Long_gap : integer; 
Short _gap : intege r; 
~!~rt _~orm : in teger; 
St~rt _~ong : :~teg~r; 
Start _EOF : integer; 
Start _read : integer; 

= packed 3rray CO •• Jata_length] of (har; 
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STMT ~INE ~EST N5 
75 30 0 
79 81 u 
80 32 0 
81 83 0 

84 56 0 

SOURCE TEXT: :F3:ADMBC~.SRC 

$EJECT 

~r~~e -~en_1 1 
~r iffie : en Jut 

R_Jiock 1en 
T_t iocK_1en 
Gut _count 

nteger 
nteger 
nteger 
ao iean 
nt~ger 
nteg2r 
nteger 

06i05!St 



APPENDIX F 

SOFTWARE LISTINGS: TAPE CONTROLLER SOFTWARE 

Module 

Initialization 

Pascal-86 logical record system 

Tape control module 

Frame communications module 

Block communications module 

Main module 

PAGE 

F-2 

F-6 

F-46 

F-101 

F-140 

F-155 



8086/87/86/186 MACRO ASSEMBLE~ INITi88 16 /CC:/86 PAGE 

SE~!ES-!!I 8086/87/38/156 ~AC~G ASSEMBLER V21 0 ASSEMBLY OF MODULE INIT188 
J8JECT ~ODULE ?LACED IN :F3:ADMI1a,JBJ 
A5SE!1BLER INVGKED 3Y ! i'iSM86. :36 : F3: ADMI 15. ~SM 

= ,..,:-. tlO 1 
LU~ :..:~::.: 

,.. 

! H i r' 
li itC 

2 + 
3 + 
l ' i : 

5 + 
6 

9 

SOURCE 

$GEfJUNLY 
SSY~BOLS 
$TYPE 
~;;r iH"":' 
f:H\c.r 

ifitff.ttff.ff.fftff.fffffff.t±±ftttff.tftff±ftf.f.tf.fff.ff.ftftf.f.fff.fff.fffff±ffff±f.fff 
;f.tfff.f.tfffff.f.fftfftf.ff.fftfffff±fffffffff.fffffftfff.f.f*ff.ffttff.tf.ttffff.tf.f.ffft 

~ODULE FUNCTION : 

12 ;This module is start ~P code far the 80188 5A-Bus CPU card • ... 
iJ 
i4 ;tttfttffttftftttftfffffffff.ffff.tff.ftffffftffftftffftfff.f.ftffff.f.tttf.ff.ff.f.tfff. 
l ~ 
Li 

16 
4"7 
' ' 

Written : A.D.Nc6uffog 28 October 1985 . 

i8 if.f.f.ttffftftfftff.ttf.ffttftftff.tfftftf.f.ftfttfftf.ftffttttf.tf.ftf.f.fff.f.fttfttff.ftt 

1 'i 
20 

-. , 
L~ 

28 
29 

31 

Languge : Inte l ASM 86. 

Other Software Required : None. 

Hardware required : 80188 CPU card. 

Restrictions : EFRON ccnfiguratian IDust teas specified below. 

34 ;ttttftfttt!tffttttttt.ttttttittttttltft*iiftttttttfttT1ttfttftttttittttttfttt 
..,c 
.:,J 

.. ., 

.j j 

~odule desc~iption : 

38 ;This modu le provides in itia liz~tion fer the 80188 card. The card :s set :ip 

39 ; to support four EPROMs and 512 K of RAM. 
40 
41 ;fttftitititttftitTtfttftfttfttfttttttt!tT7tttft*ft±fftt*********tt*fii!±i±±t 
42 ;tttf.f.f.fftff.fftfftff.ffffttf.fffff.tttf.ttf.ff.ff.tf.tftfff.f.f.f.fff.f.f.tf.tftf.tttf.tf.tftf** 

43 
44 +i 
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8086/87/86/f86 XA CRQ ASSEMBLER 

L~C JSJ 

:)OGE 3AA4FF 
0011 S87FOO 
(H)14 EF 

0015 BAA6FF 
0018 B8FFF9 
0018 EF 

{H)1 C SAABFF 
001F B83FB4 
0022 EF 

0023 EAOOOO---- E 

i !' :I !:' 
L.iliC 

100 ~1 
! 01 +2 
02 +2 
03 +1 
04 +i 
05 +! 
06 +2 
07 +2 
06 ~1 
09 +1 
10 +1 
it +2 
12 +2 
4~ , , 
1J Tl 

14 +1 
15 
4 L 
lU 
, "! 
I i 

13 
19 
20 
'H 
£.l 

lNITi38 

In it 

Ini t_b1t 

~.r.o: 
:!l \.l f 

i}U t 

ffi GY 

ijij t 

' !)iJI 

, ?ACS _r· eg 
?ACS vai 

DX, ~MCS_r-eg 
AX, MMCS_:ta1 
DX, AX 

OX~ i,PCS_r·eg 
AX, ~PCS_va1 
DX, AA 

ends 
end 

far· ptr· Main 

Page f-J 

!6/06/86 



8086/87!f8/1 36 MACRO ASSEMBLER INITi88 16/06/66 PAGE ~ 

XREF SYMBOL -A8 LE LISTING 

NAME TY PE VA LUE ATTRIBUTES, {REFS 

??SEE : , SEGMENT SIZE=G000H PARA PUBLIC 
INIT, , 1 P FAR 0000H 5IZE=0028H INIT_HW 65 S3# l 
INIT_H~ , SEGftENT S!ZE=0026H PARA ABS 71# 73 
LMCS _RE6, NUMBER ttALH 771 96 
LMCS_VAL. NU"BER JFFBH 831 97 
NAIN . , , L FAR OOOOH EXTRN 69# 11? 
MMCS_RE6, NUMBER FFA6H 79# 106 
~MCS _VAL. NU~BER F9FFH 35# 107 
RPCS_REG. NUMBER F?A8H 801111 
MPCS_VAL. NUMBER 843FH 861 112 
P_ . ... NUNBER FFOOH 751 76 77 78 79 80 
PACS_REG . NUMBER \ FFA4H 78# i 01 
PACS_VAL. NUMBER 007FH 84# 102 
RES TART I SEGMENT S!ZE=OOOSH PARA ABS 62# 67 
UMCS_ RE6. NUMBER FFAOH 76i 91 
UMCS_VAL. NUMBER FE3FH 821 92 

END OF SYMBOL TABLE LISTING 

ASSEftSLY COMPLETE, NO ERRORS FOUND 



SERIES-III 3056/87/85/ 86 ftACrtO ASSEMBLER V2. 0 ASSEliBLY QF ~ODULC PASCAL~6 _LJ~j:Cr;L_ ~ECCRD _::YSTE;~ 
JBJECT NODULE PLACED I :FJ:AOMPI01 0BJ 
ASSEflBLER INVOKED BY: ASM86 ,S6 :f3: AD~ PI0.ASM 

LDC DBJ LINE SOURCE 

+ l nESU6 
2 + $6ENUNL 1{ 

3 + $TYPE 
4 + $PAGELEN6TH148) 
5 + $M00186 
6 
7 name Pascai86_logica1_reco rd _s ystes 

9 
10 
" ii 

. 
l 

iffftfffffffffffttffftfffffffffffffttffffffftffffftfftffffffftftfffffffffffff 
;ttffffffffffftffffftfffttfffftffffffftffffttffffffftffffffffttftfftftftfff.t.f. 

i2 MODULE FUNCTION : 
•1 • 
h.l f 

14 ;This todule is the run ti1e interface for Pascal-86 an the SA-Bus kit useing 
15 ; an 80188 CPU, dyna1ic RAM and a seriai line interface to a termina1 devi ce. 
16 , 
17 ;tttftttttftffttttttttffftttft+ttttttftftltftftttf.tttfttt.tfttffttttttttftt!tf 

i9 
20 
21 
22 
23 

Written : A.O.Mc6uffog 7 October· !985, 
l 

;ttfttfttftfttffftffttfffftftttffffffftfftffffttftttfttffffftttftttfttfftftff 

Languge : Intel ASN 86, . 
l 

;ttfttfttttffttf.ftttfttfttttttftfttttfftftttftftftfttftfttttttfttttttttttfttf 

Other Software Required : Designed to run with Int el Pasca l-86 VJ 

29 jtffttftfttttttftftttttftttttfftttttttffttfffttttttttttttffttfffffttffftffttt 

30 
31 

..,.., 

.jj 

36 
37 
19 
,JU 

Hardware r~·qtJired : 301 88 CPU card ¥ith an 82SiA instai1ed as USART1. 
Serial link starts at 9600 baud 7 bit s , n~ ~arity . 

Restrictions : Only two fi les, INPUT and OUTPUTi support ed. 
NEW and DI SPOSE not supported, 
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C MACRO 

FFOO 

FF50 

FF54 
FF56 

;-,.,..,. . 
/"!"JA 

FFSC 
FF5E 

FF62 

FFA2 
;-,.,.. ' ~ rrn4 

FFCA 
FF DA 

_ J 
- 1. 

=1 
=i 

_, -, 

LINE 

75 
76 
,~ 
ii 

79 
80 

=1 81 

=1 86 
=1 87 
=1 38 
=1 39 
=1 90 
~i 91 
=i 92 
=1 93 
=1 94 
=1 95 
=i '16 
=i 97 
=1 98 
=1 99 
=i 00 
=t 01 
=i 02 
=1 03 
=i 04 
=1 
=i 
=1 
=i _, 
- : 

05 
i)b 

07 

=1 10 
=i " ii 
=t 12 

=1 i4 

SO URCE 

OFAh 
GEAh 
Oh 
OFFFFh 

; Now the equates for th e on _c hip timers : 

CNTO _re9 
MCNTOA_r·eg 
MCNTOB _r· eg 

e,~u 

e,~ 11 

TMROCNTR_reg eq u 
CNTi_reg equ 
"CNT1A_reg equ 
~CNT1B_reg equ 
TMR1CNTR_reg e~ u 
CNT2_reg equ 
MCNT2A_reg eq lj 
TNR2CNTR_reg equ 

Per· _base + 050h 
Per _hase + 052h 
?er· _base + 054h 
?er· _base + 056h 
Fer· _base + 058h 
Per- -~:asc -r ~)5Ah 
Per· -~1 a;e + i)SC;i 
P~r-_tase + 05Eh 
Fer· _tias e + 060r1 
Per· _bas~ + 062h 
Per·jase + 066h 

;Now the ~e;ory chip select registers 

UMCS_r· eg 
LMCS_reg 
?ACS_i· eg 
MNCS_i·eg 
M?CS_reg 

DMA CO r· eq 
DMA_ C1 _r·eg 
DMA_TO_r·eg 
DMA._ Ti _r· eg 

eq11 

Per _base + OAOh 
?er·_base + !:!A2~1 
?er J ase + OA4 h 
Per· _t!ase + OAbt: 
Per· _base + OASh 

?er _base+ OCAh 
?er_base + OOAh 
~er:_Oase + OC3h 
Per·_base + 003h 

)4/29 /36 

Bas2 a dress 3f th e 80188 
per p er·a1 contr·o i D1c::k 

Th e hr ee count registers : 

;Upper- se ec 
iL0 1.:er· se e( 
;Per~;herai ;i lect 
;Me~o r·J se i:ct 

;OMA cont rol regis ters 

"!.! :_,.. 
r.~u: 

:DNA transfer count regis ters 



8086/87/88/1&6 ~ACRO ASSEMBLER 

1 :!i' r:o r 
:,,. :.;1,1 ~i.hi 

fFC4 

CC ;-.·-.: 
i i ~ ... ..:. 

FFD2 
FFCO 
FFDO 

l:C' ·-.1·1 
ii ..:.~ 

FF24 
FF26 
FF28 
CC'f'.:A 
: i ~n 

FF2C 
FF2E 
FF30 
FF32 
FF34 
FF36 
FF38 

l:C'1t" 
i 1 ,.;:., 

FF3E 

3FFB 
007F 
F9FF 
;"I J""~ 
O'tJ! 

8(}(H) 

0005 

0005 
O(H)S 

C003 

=1 
=t 
=i 
=i 
=1 

=1 
- 4 -, 

LINE 

115 
' ~ : 
iiQ 

117 
1:a 
119 
120 

122 
=1 123 
=1 124 
- ' 4 ·-.:C. -1 l~.i 

=i 

_, 

=1 
=i 
=t 
=1 _, 
-1 

=i _, 
- r 

=1 
=i _, 
- 1 

=t _, 
- r _, 
_, 
- ! _, 
-1 

=! _, 
-1 

-• -, _, -, 
=1 
=1 
=1 

126 

127 
123 

!33 
134 
~ 1~ 
L,...;,.i 

136 
137 
138 

140 
i .;J 
1,. i 

143 
144 
145 
146 
147 
148 
149 
iSO 
i51 
,c.-1 
lJl 

=1 153 
-.: i C ! 
-i l.J1t 

=i !55 
=1 156 

SOURCE 

DMA _9PHO_reg 
::f-lA _GPHi_:·eg 
DMA_DPLO _r- eg 
DMA _DPL i _r·eg 
:!MA _SPHO _r·e9 
DMA_SPHi_ r·eg 
OMA_SPLO _r· eg 
DM A_SPL1_r·eg 

ei~!J 

:J1"!I! ... , . ., 

equ 

?~i· _tiase + OC6r1 
Per· _tiase t 006h 
?:r· -~ase ~ :)C4h 
?er _ti;; ~ + OD4h 
?er· _tiase + OC2h 
Per·_t,ase t OD2h 
Per -~ia~e ~ Ob0~1 
?~r- ba se + ODOh 

: Now the interrupt controi registers : 

INT _POL_ r· eg 
INT_?ST_r-eg 
INT _MS¥~_i· eg 
lNT _?R~_r· eg 
INT_ISR_reg 
ItiT _RE~i _r-eg 
lNT _STS_r·eg 
INT_ TNC_r·eg 
INT _DMAO _~·eg 
INT _tiMAi _r· eg 
INT _INTO _r·eg 
!NT _!fiT! _;·eg 
If1T _1 NT2 _r·e9 
:NT I~TJ_r-~g 

LMCS_va 
PACS_va 
MNCS_va 
MPCS_va 

~axcoun Oa 
Ma~COiJfi Ob 
Maxcoun ia 

~,, a ,_ ,·.: 

?~i· _base + 022h 

Pe: _~a :e + 024h 
?~r· _base + 026h 
PH·Jase ... i) 2Sh 
?er· _t,ase t G2Ah 
Pei· _~us~ + 02::\ 
Per· _base + 02Eh 
Per· _t:a5e + i)30h 
Per· _t, ase t t}32h 
Pei· _::ase ~ !)34h 
P~r· _base + 036h 
Per _b.3.se + 038h 
?ei· _base + 03Ah 
?er·_oase T 02c;1 
Per·_hase + 03Eh 

OFE3Fh 
t:1r:o~. 
~.,...; i ! loo,: ii 

0007Ffl 
OF9F~h 
J84JFh 

1000000000000000b 

5 
5 
5 
5 

04/29/86 PAGE 

:0~A destination high and low 

;DNA source hi g~ and lo~ 

;E nd of interr upt regist er 

;Pu ll registei· 

;~ask register· 
;Prior ity register 
;In service re~ister 
;Request register 
;Status 
;Tiiler iiiter·r·upt 
;DMA ir:terr·1J~t= 

;External int~rrupts 

; 4 oy 2764s, 512k ram, 
; 3 ~a1t states + ext , peripheral 
; se lect ~lock in IG spac2, 
; 3 IO wait states+ ext , 

;Non specific end of interrupt 

;Count values or defauit 9600 
i baud seria i 1nes 

1100000000000011b 
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0000 1900----
0004 SF00----
0008 6500---
oooc AEOO----
0010 CAOO----
0014 DOOO----
0018 FiOO---
(H) i C 01 Oi ----
0020 070t ----
0024 OD01 ---
(H)28 1301 ----

0030 000000 

2Gi 
202 
203 
204 

3DURCE 

206 ;O~fi ne; stac k segmen t . 
207 

209 
210 

213 
214 stac k ends 
215 
216 

CT A{'U 
.J I Ml.l l\ 

217 ; Now a segment for the add re ss tab e : 

04i29 /86 ?AG~ t 

{?) 

218 ; Thi s is us ed by Pascal-86 fir ind rect calls ~o file IO rout ines. 
219 

221 
222 
223 

.-,.-,,: 
Li.J 

227 

229 
230 

236 
237 
238 

240 

Tab les 

~i le_data 

d 
ii 

d 
d 

d 

G 

Open 
Cl ose 
Read 
~4r· i t e 
Seek 

Backspace 



003E 306i7363616C2D 
38362046617461 

-·- ··- ~""'I' .• :-. 
'._! i)JJ ~)Li 

:J0:6 GA 
0057 S:6:7363616C2D 

0068 50617J63616C2J 

-~: t1 ··.: t: ·~: t: ·~~t: ·:: t: ·~: (. ··: :'· 
1..~.: i..v i.. ~.:1.:ii.. :_; i.. :.: 1.. :.: 

436F64652G3A20 

OOBE 20202020202020 

,j57 46572206E75 
6D62b5722:)3A2G 

0082 OD 

OOB4 20202020202020 
2020204E75:~D65 
72696320457363 
657074696F:S£20 
436F646:;203A20 

: 'l' ~ = ~ . . ... ,_ 
1-.i. H ~ 

244 

,•,:1 
·· .i.:... 

250 

:: ;"1! l 'Jt- : 
·.J:.J·.: ;: -.: ... 

- :- . ":': =-~ : - ; : _.:.r.: :·- · CR, LF, 'Pascal-56 Exception 

11;: /'U "'I : ;-· .,; • 

: ; -· : 

,~n i ;"' ! 
. ;; ~ :,., il ~ ;.. ;- ! 



. ·i ~ :i ':' 
U.; " JC: -.: 

OODA 2020202020:020 
LG202G2020204i 

6172t)4C6F636i 

OOFE OD 
OOFF OA 

0086 

~)000 48 
., 
i 

SGURCE 

···c .: 
,.J ! Err- _ffi sg _5 

253 Tables 
254 

256 ; Loca l data space 
.-.p-
J.J l 

• . p /'I 

LJC 
259 
260 
261 

262 

265 
266 
267 
268 
269 

ra data segment 

LJcal_1nje~ dw 
Loca l buf ter rib 

Status 

IO :lata 

- . t; - -
.:-rrnc 

• L;f t-0 ; :: 
!i i ":.: ii! =- i 

ndex in to input buf er 
32 uca1 char·acter inp1J )!Jf fer 

270 ; Segients for ~h e file descriptors required bt Pascai -36: 
271 
272 

274 
275 
276 

278 

280 

282 

segment 

db 48 dup 

J rd. T U 
Unin 



6086 /87;38/iSb ~ACRO ASSE~BLER 

~QC OBJ 

0000 48 
'i 

! nu· 
L.i i'lC. 

283 

254 
235 
286 
287 
.•.Ill\ 

LiiO 

289 

290 
291 
292 
293 

:jQURCC 

Tqn3 

294 +1 $EJECT 

l". £ .-~ 

;-MtJC 0 
; 

48 

segraent 

46 dup 



Page ~-15 

~086/87188/186 ~ACRG ~SSEMBLER ?ASCAL36 LJGICAL_~ECGRD_SYSTEM 04/29/86 PAGE 1C 

0000 

0000 csoooooo 
0004 ~4 7Et)6 
0007 26C7i)50000 
OOOC 26C74502---- R 

GO i6 CAOAOO 

295 

297 
198 
299 
JOO 
301 

; ~ODE: 

CS : IQ _co de 

302 ;---------------------------------------------------------------------------------

pr·oc far· 

306 ; ;UN CTION : Inserts the address of the driver tabie into the table ?Ginter. 

308 INPUTS : Tabiepointer at :ap + 6]. 
309 
310 CALLS: None. 

312 OUTPUTS: ddress Jf the table in the location pointed to by t ab lepointer. 
313 tatus in AX. 

315 DESTROYS: ES, DI, Flags. 
316 

320 ent er· 

324 ffiGV 

leave 
~ .- . f 

JLb r·et 

endv 
330 

332 
.333 +t ·$EJECT 

,\ :": v ,v 
9I, dvord pt [3P + 6] ; load t e poi~ter 
~ore ~tr ES: )I:, oif~et Addr_t~ 
~G~~ ;tr ~5: ~: ~ 2~i ;eg A4<lr t 

iO 



:)019 

001 !E 
001 88----

OOiF 3A5AFF 
(H)22 880500 

0026 3A5CfF 
0029 380500 
002C EF 

002D BASEFF 
0030 8803CO 
0033 EF 

0034 8A8204 
0037 800A 
0039 EE 

0 
i i 

04/29/86 r~~t 11 

LlNE 

~~~ ;----------------------------------------------------------------------------
335 

333 ; FUNCTION : This ~racedure op ens the I/0 files ~Y 1ni ia zing the ser1al 

340 
341 
342 

; INPUTS : Non e (u se d) . 
, . 
! 

345 ; OUTPUTS : Non e (seri al port 1 initialized). 

347 ; DESTROYS: Al, BX , DX, SI, DI, Flag s, 
348 

JS.(; 
351 
352 
353 
354 
1~~ 
,.JJ.i 

356 
357 
]58 +! 

. 359 +2 

362 +1 
363 +i 
364 +2 
365 +2 
366 +1 
367 +i 

369 +2 
370 +2 
37i +1 
372 +1 
373 

~ush DS 

ffiOV 

10V 

AX~ ID_data 

DX,MCNT1A_reg 
AX, ~a:{cJuntia 
DX! AX 

~~x ,;1CN~i8_r-2g 
AX, MaxCUiJrdit! 

AX. T~r _baud _cont roi 

DX, USARTt _cantro 
o NOT 2nt2r sync mode at a11 co sts'. 
u~lY stores to get USART ready 



~086!87/SS/186 ~AC~Q ~SSE~8LE~ 

~QC OBJ 

004 3" ~:(i 

0044 90 

0046 '10 
0047 90 
:.)0415 2))CA 
.•. ,•,;JI 'l""~ 

tJt)'ttt ;:: 

005i EC 
0052 E~ 

(H)53 C6060200FF 
0058 B800(H) 
0058 lF 
OOSC CAOCOO 

LINE 

J i[ 

11'0 
,.Ji I 

381 
382 
1S1 
•j\.h.i 

384 

386 
387 
386 
389 
390 
:' i'H 
Ji l 

392 
101 
.J i -.J 

394 
395 

399 
4(H) 

401 
402 
403 

406 

409 
410 
411 
412 
413 

04 /29/86 ?AGE 

!':<J ,\ J 
Ut· , ril. 

DX! ML 

DX, AL 
AL, USART_c~d ;Enable it 
-DX , AL 
[!A, JSA RT~ :;! ; 

l fl AL! DX ; ;1 et :-id 1J f the .Ju rd:: 
All DX 

; set the s at us 

r· et 12 

ass ume 



G062 CAG400 

04 /29 /86 PAGE 13 

' · : : :-
;_ ~i~ C 

415 ------------------------------------------------------------------------------

{!9 ; FUNCTION : Close s a fi le (in this :as2 do nothing), 
420 

422 
423 ; CALLS: None a 

425 ; QUT?UTS : Status in AX, 
426 
427 i DESTROYS : F1ags. 
428 
429 

'tj.j 

434 
435 

437 
438 
439 
440 
441 +1 "-"'"'l' .. ,.T 

~tJt'~ i 

se UP for ok retur~ 
an go 



(H)65 

0065 csoooooo 

~)(L~A 38----

006F 8C3E0200FF 
OG 7~ 7503 
0076 E82002 
0079 3B4EGA 
GG 7C C47EOC 

0083 BEOOOO 

0086 FC 
OGS7 SA4002 

008C 7409 
008E AA 

444 
445 

S:J VRCE 

446 ; FUNCTIGN : Reads a s~eciiied nu!ber 1f cha~acters frJ~ a fi l~ (in this 
447 
448 

450 
451 
452 
453 

Start address of the ~uffer i~to ~hich th ey are tG e re ac a 
~ddr ess to ~hich the nu~b er of characters actually rans fer2 
be ~ritten at [BP+ 6J. 

454 ; CALLS : Get_ line. 
455 
456 ; OUTPUTS: Status in AX. 
457 Characters in the specified buffer space. 
458 
459 ; 0ESTROYS : AX, BX, DX, SI, DI, ES, Flags. 
460 
461 
462 

,, .. 
'fO i 

470 

473 
474 
.!~C 
~jj 

476 

478 
479 
~."le .-. 
'tOU 

481 
452 
483 
4:54 

assume 

eni ei· 
push 
IOV 

cld 

AX , ID_data 
set up fer access to 

Local _buffer(OJ, Buffer_empt t ; get d~ta? 

CX, word ptr [BP+ 10] ; get the co unt value 
Oli dword ptr [BP+ 12] ; and the address of t~e 

; buffer· 
; how far into t~e line 

; an d zero the i~dex for 
; ~hi s ~e ad operation 
; set ~uto incr e ent 

AL. ~~ca i buffercsx::SIJ ; ~ext c arac ter 
AL, CR i is this the en uf 1 ir: e? 

stosb ; store into th2 output buffer 



0092 330000 

J097 38FE!5 
009A C6060200FF 

009F C47E06 

OOA2 268935 
OGAS 0: 360000 

00AA C9 
00 AB CAOCOO 

486 
439 
4% 
491 

494 
495 
496 
497 

499 
500 

502 
503 
504 
505 

507 

:r:;c::~~ 
~UV :\~ ~ 

1ffiP 

End 0f l ine ! ]OV 

Re~d _exit 

ret 

04!29 /86 

; tr ;nsfered 

AX, E_eor 

~orri p r ES!( J, jl ; transfer t~2 :aunt 
Lo ca l_ nd ex, ; ad just the ;tored record 

; ;csition 
OS ; c1ea ~ up 

; and ;a 

OS ! ~ot~ ing 
~9 
510 
511 +1 $EJECT 

- ··t: 
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r· et 

Backspace 

706 +1 SEJEC7 

se JP for ok ret u~~ 
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i :-:r rP. ! 
:_:;~ 

. ! i: :
:...i il i:. 

=')4; 29 / 86 1"\ .: .~~ .• •• ~. 
iMDC. Li.. 

:07 ------------------------------------------------------------------------------

880000 
CA0200 

708 
709 E G f 
7i0 
'"! :!: 
' ...... ; FUNC TION : Ends a fil e (in thi s case Jo nothin g), 

714 

; OU TP V7S : Status in AX, 
718 
719 ; DESTROYS : Flags, 
720 
721 
722 
723 
., ••• :i 

t i.it 

727 
726 

E_o_f 

730 +1 $EJECT 

ret 



. - ,., -.:-. " 
,_._ ... 

/ d :! ~ 
:_::1 1..; 

01 7 iE 
0118 2:d----

Oi1D C47E02 
0120 26C7053GOO 
0125 26C74502---- R 

04/29/36 PA GE 23 

···r': ! '~ -·. -
.J w~ • .: !\. t.: .:. 

I •~ l ;-------------------------------------- .------------------------------------------

735 
736 

t~a ; INPUTS : Tabl epo1~t 2r at [BP+ 2J . 

t~u ; CALLS : Non e. 

742 ; OUTPUTS : Addr ess of the tabl e in the ]ocaticn point ed ta by tab lepoint er, 
743 St atu s in AX . 
~ .. 
t ~~ ' 
745 ; DES TROYS: ES, DI, Flags. 

749 
750 

754 

756 
: ~ i 

758 
?59 

761 
; ,:.•. 
i OL 

- : : 
f ;jq. 

f" · . ,• 

t l ie_1nta 

ente r :),G 
PUSii DS 

mov 
DI, dword pt P + ~ ad the ?Ginter 

;]O V word ~tr ES: , 3f set F e_dat3 
:;or·d ~·tr· ES : + 2·1, se13 r~_:iata 

leave clean up 



37 sa----- ~ -.~-.. ., 
J:i Wc. 1}0 
-r. ~ •. 
j\., r-=:.i 

013D :337E:)6(H) 
Oi4i 7412 

Oi4F FAEA0000FFF? 

:"d i: C 
;.)iJ.l 

0155 891100 
0158 8E5500 
01 5B AC 
G1 5C E39D01 
01 5F E2FA 

' ·1.1 : 
-.:. : ; ,_ 

-, .~ I ; ::", ,. , ,.. ~=: -~ ! -

i--------------

: i -.i 

778 

780 
781 ; JU7PUTS : Non e, 
782 
783 JESTROYS : Not hing. 
784 
785, 
786 
737 
788 
789 

792 
: f -.i 

794 
795 
796 

798 ~2 
799 i-2 
800 +2 ~T ~3 00 

ent er 0, -.) 
ffi OV AX, T;b jes 

! ~ ,J\,. 

.. . ., :;.: 

U~, rH: 

~~i 1J Pti· :3? ~ ::~ -t jf·J; i :~ r-m 
Nor-ma1 

~)4 /29 / :36 

autput th e character 
502 ~2 
303 Ti 

307 +2 

809 +2 ST_LB_01 
310 +i 
811 +2 
812 +1 

::x, '. err~ ;1 5GG:J_e x I 
~r,G7~SE ~OGG _e ~i 

~od s 6o od _exi 
ca l 1 Cono11t 
1oup ST_LB_Oi 



.•. ; ... - . :-.. :.-:· 

!_; ~ ; [1f:'jj 

. ·"" .":. -- . ! ; := ~ 
;..:.,: . ..._ .. Li /'iC. 

016i fAE~ OGOO FFFF .... M., 

... · !."':' 

.-. : .-. 
":,.:4•..; 

.-.. -, ~ 
;J~~ 

822 

825 +i $EJECT 



:Ji 74 26C7050200 

Oi85 38----

Oi39 C9 
018A CAG60G 

• .. -.. 

.~/; !1 ""!:' :

.:u\.:1\ :.: : 

'"'· :", .- :" ": : ·.: -1:-· F :: :-:.; i r. ; 
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a : ~ -------------------------------------------------------------------------------:0.:i..i.i 

823 
329 

832 

834 

837 JUTPYTS : Status ta CB?+ 6] . 

339 JEST~OYS : ES, ~1, t lag s, 
.-. i .•. 
O'!U 
841 
.'\J ,- . 

d~L 

843 
344 

850 

356 
857 
358 
659 
860 
861 
862 
5b3 +i $EJECT 

DS: IO data 

ent er· 

.es 

¥Ora ?tr ~S:[DIJ~ E_J2J ass~;e nG ;emory 
t 2 St Status, ma sk T(D3_1~et ~; ~~ere ;~~c2 ; 

-
word ~tr ES:[JIJ, E_sk ; ok 



"d ] :>· 
': . •.:;_: 

04/29 /86 PA6E 

:J f t 

875 ; GU T?UTS : Status i~ :B? + 6J. 
376 

878 
679 

861 
882 

891 
892 

894 
395 
896 +l ·!EJECT 

DI, dword ptr [B? + 6] loa the ; cr es s of ·~ ~ 

-~: ~· 7· :~r~~: -~~ 
: ·.:. : ------ - ' - · _ ,: 

.i.. i 



LOC us.; 

9D caoooooo 
'l :~ 

Ml 1t. 

Bl 26C705----
36 .300ES60002 
BB EB05 
SD 26C705----
C2 880000 

CS !F 
C6 C9 
C7 CA0400 

LiNE SOURCE 

897 ------------------------------------------------------------------------------
896 

TQFILEDESCRIPTGR pr·u c far 

901 ; FUNCT ION : Provid es the LRS with a 46 byt e fil e des cr iptor area ~h en 
902 ca11 ed. Not e that th is routine (in prGvide only two such areas. 

904 ; INPUTS : Address ta which th e segment nu ~b er of the Jat a area Just be 
'105 ~r·itten in LBP + t:J . 
906 
907 ; CALLS: Non e. 

909 ; QUTPUTS : Status in AX . 
910 
Ql' 
I J. 1 

917 
918 

?23 

927 
928 
929 
930 
931 
932 
:J11 
:,;w 

934 
,i .., ~ 
7 .jj 

936 
Q17 , ..,, 

i DES TROYS : AX , DI, ES, Fl ags , 

DS : IO_data 

ent er· 
~:usfl 

Use_ Tqn2 : mov 
T@FILE_exit : tov 

leave 
r·e t 

T@FILEDES CRiPTOR 

o, Q 

A.{. IO data 
. . . 

; set up tor access te 
~ loca l dat~ 

S! ; t~;. i;s~ ~=~: - ~~~~ ; ~qfii Jse G: 
short T@FILE_e~it 
word ptr ES: [DIJ, Tqn2 ; supp ly Tqn2 
AX, E_ uk ; exit Gk 

4 ; and go 

938 public TGINITIALIZE 
939 



LOC OBJ i r:. :r
~~ il C ~URCE 

940 +i $EJECT 

04/29 /86 PAGE 2~ 



G1CA iE 

~)t CB 88----
01CE 3ED8 

01DO 80265600FC 

D5 68----90 
09 68290290 

E2 380(i(H) 
:-~ : :-

~} lt 
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SGURC~ 

941 ------------------------------------------------------------------------------

9S2 

956 

961 
962 

964 

?66 

968 

970 
97! 
972 
Q71 , ,,J 

TJINIT:ALIZE Proc far 

-. .;!' :::I - ·.::~:~~ 
.::"!E-- ·J ~ ·~~ ~ _ . : : : ' 

; :':I I- ~:: - ~ 1 ::-! .,. ., !" ~ •. :.!. 1 
~ ·J ·:.·: : .: : ._ : -· :. :! ~ :; : u i 

OS : IO_data 

AX, ID_data 
OS, AX 

Push s2g E~c2P tion _hand1 er 
pu sh offse t Exc2 ption ~and1er 
(a l~ far ptr TGSETE~H 

ret 4 

974 TQINITIAL IZE 2ndp 
Q1~ 
,f .i 

976 pub lic TQSETERH 

978 
979 +t 

set up fer access to 
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: i:l'· 
L_ i..i\: L: j ~ 

:"1·· ,t1 ~ 
VfJ}i 

0201 caoooooo 
0208 iE 
020C 38----
020F 3ED8 

0211 C47E06 
0214 A18700 
0217 268905 
021A A18900 

0221 B80000 

0224 iF 
0225 C9 
022b CA04(H) 

Page F-37 
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:JUVRCE 

1021 
J tt·-1·1 
i !Jli T~6ETERH 
1023 
1024 ; FUNCTION : Returns the address of the current e~cepticn handler~ as 
i025 set by 71SETErtH. 
1026 
1027 ; INPUTS : Address to ~hich the address oi t~e exc2pt ion hand ler ~u st te 
1023 
1029 

writt en in [BP+ 6] . 

1030 ; ~ALLS : None . 
i:Y"! i 
i!JJi 

1032 ; OUTPUTS: Status in AX . 
1033 
1034 ; DESTROYS: AX , DI, ES, Flags. 
!035 
1036 
1037 
1038 
1039 
1040 
j tt.f j 

l ~Pt l 

1042 
1043 
1044 
1045 
1046 
1047 
1048 
1049 
1050 
105i 
i052 
1053 
1054 
1055 
1056 
1057 
1055 
iG59 
1060 

assume 

1061 +i $EJECT 

DS : IU_data 

enter· 0, 0 
push OS 

1es 

iiOV 

mov 

pop 
leave 
r· et 

AX, IO_data 
set up for access to 
local data 

DI, dword ptr [BP+ 6J ; address point er 
AX, ward ptr E~cept on _addr 
~ord ptr ES:[DI], A ; the ~irst part 
AX, ~ord pt r Excep t on _addr + 2 
word ptr ES: (DI + 2 1 ~X ; the second part 

nc 
j,: ._; 

4 



8086!87/88/1 86 ~ACRO ASSEMBLER 04/29/86 

• ...... ~ ..... 
; : ... · ~ ·; -- 1 

0229 csoooooo 
022D iE 
022£ 88----
0231 6ED8 

0233 FC 

0234 392500 
0237 3E66GO 
023A AC 
G233 EBBEOO 
023E :2FA 

0240 8S460C 
0243 E88200 

0246 B92600 
0249 BE6BOO 
024C AC 
0240 E8ACOO 
0250 E2FA 

LINE 

~062 ;------------------------------------------------------------------------------

Excep tiGn_handler 

066 ; FUN C:ION : Thi s ~racedure :s cail ea in the eve~ t of a ~asca -86 exce~tion. 
067 It cutp ut s the exception par;meters to coni and hen resets 

th e syste;1 •• 

vtv ; INPUTS : Exception code 1n [BP+ 12J. 
071 Par~~eter nu~t;r in [8? + tOJ . 
072 Nuieri c e~c2ption code in [B? + 6J . 
073 

:~~c 
:._!f 1 

076 ; OUTFUTS : Non e. 
077 
078 ; DESTROYS : NIA . 
079 
030 
081 OS : Tab1es 
.·, I'!~. 

tJOL 

083 
084 
085 
.·.r.: uwo 
037 
038 
089 
090 +1 

enter· 
OS 
AX, Tables 

et up far access ta 
oca ! .1ata 

CX, length Err _1sg_1 ; lengt h of th e ;~r ng 
092 +2 
093 +2 ST_LB _02 : 
094 +1 
095 +2 
096 +i 
097 
098 
099 +i 
i()(l + 2 
10i +2 
102 +2 ST LB 03 : 
103 +1 
104 +2 

mov 51,offse t Err _rasg_! 
1ods Err_msg _t 
ca i ! Cono iJ t 
loop ST_LB_02 

; offset of th e str n; 

; output the characte~ 
; until finish ed 

]OV AX, word ptr [BP+ 12J ; Exception c~de 
::a1 i Out _AX 

CX, lengt h Er r_isg_2 
SI,offset Err _;sg_2 

lads Err _msg _2 
cal1 Conuut 
lo op ST_L8 _03 

lengt h of th e string 
Gffset of the string 

au ?Ut he character 
un 11 ; ril sfi ed 



8086/87/88/186 ~ACRO ASSEMBLE~ 

l f1t- ;"':.l";T 
:..:.;\.: :~r::J 

0252 3B460A 
0255 E87000 

0253 B92600 
0258 8EB100 
025E AC 
025F E89 AOO 
0262 E2?A 

0264 8B4606 
0267 E85EOO 

026A 892600 
0260 8ED700 
0270 AC 
l' . .... ~j '!"':,.r.:, .• •• •. 

!} i. i l ctHH~ UU 

0274 E2?A 

:)27 6 834604 
0279 E84 COO 
027C 303A 
027E E87BOO 
0281 5B46G2 
0284 E541 00 

0287 B90300 
025A 3EF DOG 
0280 AC 
028E E86BOO 
0291 E2FA 

0293 FAEAOOOOFFFF 

: TU '!"' 

L~ i~ c. 

:":I 
:) Q 

07 
08 +1 
09 +2 
!O +2 

SD URCE 

11 +2 ST LB 04 : 
t2 +i 
13 +2 
14 +i 
15 
16 
17 +i 
16 +2 
19 +2 
20 +2 ST_LB_OS : 
21 +i 
22 +2 
23 +1 
24 

26 

2'i 
30 +i 
31 +2 
32 +2 
33 ~2 ST LB 06 : 
34 +i 
35 +2 
36 +i 

.•• !\ 
1 .. ~ ;; 

igQV 

AX~ wo~d ptr [SP+ 10] ; ?ara~eter nu;ter 
Out _AX 

t)4/29 /86 

CX, len9t h Er·r- _~sg_.3 ; length of th e -; tr·in9 
SI,offset Erf _~sg_3 ; ~ffset of the str ing 

; output the charac ter 

ca l 1 Qut_AX 

CX, lengt h Etr_~sg_4 ; length of the string 
ITIOY SI,offset Er r_msg _4 ; offset of the st ring 
lods Err_1sg_4 
ca 11 Conout 
lOOP ST_LS_OS 

; output the character 
; until finished 

AX, word ptr [BP+ 4] ; Seg;ent of the ret 
'' Cai i Gut_AX 

.~I 1 d 
ML, s 

Cunout 
iilOY 

ca i 1 
mov AX, word ptr (BP ~ 2] ; Cffset 
call Gut_AX 

mov 
CX, lengt h Err_isg_S 
SI.offset Err_~sg_S 

loop ST ~g 06 

r·eset 

lengt h af the st ring 
~ff set of the ;t ri~g 

38 
39 
40 
41 
42 
43 

Exception_handler endp 

:'"i C • 
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45 +1 !EJECT 
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... ~·!!t: 
~; 1..:_: 

02E5 SA8204 
G2EB EC 
02E9 A802 
02EB 74FB 
02ED BA6004 
02FO EC 
02F1 C3 

04/29 /86 PAGE JO 

3DVRCE 

248 i 
249 
250 

252 ; FUNCTION : This procedure returns a c~arac~er rec ieved ~n USART!, 
253 
254 ; INPUTS : None 
255 
256 ; CALLS: None. 

258 ; OUTPUTS: Charac ter in AL 
259 
260 ; DESTROYS : AX, DX, flags, 
261 
262 
263 
264 
265 
,.. ,; 
LOO 
267 
268 
269 
270 

272 

.-, ; • .t. 

j_/1+ 

275 
276 

Loo k : 

278 +1 $EJECT 

jOV DX, USARTt _c ontro l ;Ge t USART ;tat~s 
1n AL, DX 
test AL, Rec_;ask ;Ready? 

Look ; if no t ready then tr y ;gain 

; get the character 

endp 



Pag~ F-44 

80861i7 /88 /1 86 MACRO ASSEMBLE~ PASCAL86_L05I CAL RECQRD_SYSTE~ 04/29/86 P4GE 39 

02F2 

02F2 240F 
02F4 0430 
02F6 3C39 
02F5 7602 
02FA 0407 

i H !i' 
Ll :l C. SOURCE 

279 ;---------------
280 

282 

284 
.•.:, .• 

LOJ 

; FUNCTION : This procedure outputs the ASC I va}ue correspondi ~g o he 
low nibble in AL on USARTf. ~o e that this ;~ocedure al s 
through ta Conoilt z 

256 
287 ; INP UTS: Val u~ in AL 

289 ; CALLS: None. 
290 
291 ; OUTP UTS : ~one 
292 
293 ; DESTROYS: Ar, 8X, 0~ , fiags 
·'"tnA 
,!.7't 

295 
296 
297 
295 
299 
300 
301 
302 
303 +1 SEJEST 

and AL, OF:·, 
AL, 30h 
AL, 39h 

AL, 7 

ask of t~ e o~ nibble 
dJiJ St O ASC l 
owe need to ad just? 



02FC 8BOS 
02FE BA8204 
0301 EC 
0302 A801 
0304 74F3 
0306 8A8004 
0309 3BC3 
03GB EE 

: f!:/C 
l...i.ili ... 

i304 
1305 
1306 

-• .-1•, r, 
,i ;:'l f 

1307 ; FUNCTION : T~i s ?rcc~dure outputs; character ta USART!. 

1309 ; INPUTS : Character in AL 
i3i0 
1311 ; CALLS: NGne. 
: "!j •'"'1 

lJl~ 

1313 ; OUTPUTS : None 

1315 ; DESTROYS: BX, OX, fl ags 
1316 
i"1'.!"1' 
j,Jl f 

1318 
1319 
1320 

1322 
~1'11 
l\Jk-.J 

1324 
4,.-. c: 
;..JL.i 

1326 
1327 
1328 
!329 
1330 
1331 
1332 

Look2 : 

Cunout 

1333 IO code ~nds . .,.,: 
iJJ~ 

lfl 

test 

GIJt 

; Save the charact~r 
OX, USART1_ccntrol 

; Input the stat us 

Look2 ; if not, eise ••• 
L!X, USART1_data 
AX, BX ; 9et the i:r;ar·acter· hac i~ 
DX, AL 

ASSE~BLY COMPLETE, NO ERRORS FOUND 

04/29/66 PAGE 4G 



8086/87!S3!186 ~ACRO ASSEMBLER TAPE 10 CONTROL ~CDULE 

cm :~r·r ~-~-



·"'!'J ~ 
;_._:.._. ~-· ..: 

I 1' ~:f"" 

:..l.~t 
;- ·: 11: :..,r 
.:j:j !.}~ '...:C. 

2 : $DC2. '.Jt 
3-:- i6ENGNLY 

' 

MDDU~E ?UN CTION : 

This ~oduie ~rovides • • ' I pr1m11:ves ~sea 10 
14 transports , 
15 

17 
15 
'" 17 

21 
22 Language : Inte1 ASM 86. 

24 ±f.f.ff.f.f.f.f.f.f.f.ff.f.f.f.tf.f.f.f.f.f.f.tf.f.f.f.tttf.f.tttff.ttf.tf.f.f.f.tf.f.f.ttttttf.tf.ttff.tf.f.f.f.f.f.ff.f.f 
')~ 
i.-i 

26 
27 

Other Software Required : Designed !J run ~ith Int 2I Pasca:-86 V3 

28 f.tf.ff.f.f.ff.ff.f.ffttf.f.ttfff.tff.f.tf.ttttttf.f.ttttf.ttttf.f.f.f.f.f.f.ff.f.f.f.f.tf.f.f.f.ff.f.f.f.f.f.tff.f.t 

.... 
' ' :..i-.J 

34 
35 

Hardware required : 80188 CPU card , tape cant~a !! er ~odu !2 • 

Restrictions : Non e. 

36 tff.tttff.tf.f.tf.tf.tf.f.f.ff.f.f.f.titf.tf.ff.ttf.ttff.f.f.ff.ttttttttfttf.f.f.f.ttf.tftttf.ttff.tf.ttt 

37 
38 
39 

~odule description : 

40 Th e Tape contro ll er software provides severa l services. 1nese are 
41 

i. A Ufil iay be selec ted, and 
ope ra ions ~efer to the se lec eG unit. 

44 

.:. 
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FF3A 
FF3C 

{l07F 

0005 
0005 
0005 
0005 
C))3 

:)400 
.•., .... -. 
i_! .itl_Hj 

0402 
0430 
0482 
i)OCA 
OOCE 
(H)37 

0002 
0001 

OOOA 

i30 
.. - .. 
1-.1 r 

=i i32 
=i 133 
=i 134 

136 

=i t28 
_ ; 
- , 

=i 
=i 
_ ; !42 
=1 143 
=i 144 
=l 145 
=i 
=i 

J ! ; 
1:;,o 

=1 i 48 
=1 149 
=~ 150 
=f 151 
=i 152 
=i 153 
=1 154 
=1 
=l _, 

=i 
=i 
-· -, 
=i 

i57 
15S 

60 
61 

=i 62 

=i 64 
=i 65 

=i 
=1 
=1 
=1 
-· - i 

' ~ " ' !.H 

70 
1~ 
i i 
: --. 
i i. 

SOURC: 

l~T-~·rAC _:· ~9 
:~JT _DMAi _r· eg 

;_!~cs_ ,a 1 
LMCS_val 
: -~ , .. i"'- • • • : 
:"M\:;:J _ V~ ! 

MMCS_val 
MPCS_vai 

NS :Ui 

Ma;.;cuuntOa 
MaxcountOb 

T~R baud _contral 
e:~iJ 

?er-_ :: ase r 038h 
?er· _~:.;se + 03Ah 
?:r- _:! as2 + =) 3C ~j 
Per· _Da se ~ 03Eh 

:)FE3Fh 
03FFBh 
000 7F~i 

0843Fh 

fOOOOOOOOOOOOOOOb 

5 

5 
5 

; 3 wai : ;tat s + ext , ;eriphera l 
; se lec t bloc in IQ spac2, 
; 3 IO ~ait s at2s + 2xt. 

;Count val~ es for defau]t 9600 
; baud se ri al :1~ es 

!!OOOCOOC0000011 b 

; Now the USART 2quat2s : 

PCS_base 
USARTO data -
~SARTO_co ntr~~ equ 
USART1 data -
USART1 _contro1 equ 
VS~RT _~~·J e_: 
USART _;soi} .~ _a 
!!r-!:r":T ·-.; 
VJHil i _ i .. iliij 

VSA RT _r- eset 
Du~;y _cr1d 
Rec_ias ~: 
Tr· _~ask 

,~ 
Lt° 

~1": :i ., . ., 

~ :, ii 
• t·.i 

ij i'!! ! .• ,. . ., 

C400h 

?CS_t:a se + 2 
PCS_base ~ 128 
Pj:S_hase + 130 
110010100 
tiGCiiiOb 
r~,, .i , _.•: j : i i. 
~):i l. l Vi i i ~: 

0000101Gb 

ODh 
OAh 

oa k or ~E ready 
D6k or TX r~ad y 

;Bit defs fo r th e bi ts in ~~ e int 2rrupt 1as k reg ist2r 

nt hit s record R1_~~~:!,7 _1~t :i ,RC _:~t :: ,!)_1nt:t, 

' .-.:. 1 

DMA_1_int: ,O~A_O_int:1,In t_~it ~_du~~y:t,T~R_i~t:1 



0000 50 

i:i800 
08(12 
t1~:"1 ., 
~}0!)~ 

0808 
G80A 
080C 

08i0 

0820 
0628 

0630 

?'J 7 

LINE ::rn i~r~ 
.,1'.,1·~1\ :.::... 

-, 
;Sit Jefs for the 6251 USART stat us register 

_, : ~c 
- 1 1 i ~ 

=l 177 
17~ 
i i !.i 

179 

182 
183 ;Set up a stack seg1e nt: 
184 
185 

187 

:i ~:! 
100 

stack segment 

189 st~ck ends 

191 

193 

195 

196 
J :i~ 
1 7 i 

! :ii"'1' 
117 

202 
203 
204 
205 
206 
207 
208 

•'"d .-. 
Ll.L 

er 

Tir·_O _(ntr l 
Start _c 
Ev2r:t _c 
St UP 1

: 

Tmr· _i_i:r:ti· l 
Master _:: 
LS_det 
S6_det 

Wr·i te _1]ata 
Wr·1te ~t~tu·: 
: 1 'I ?Jr· 1 t e _aux 
Wr·i te _cmd 

;J\j 

e,~ jJ 

ati: i -, . ., 

STACK 

50 .jijp 

0500h 

~ I • ,• •• • •• • •• •. 1ape _o~s2 ~ ~Jvu 
Tape _Jase + 0010 
T~~~ ~ase + 0itC 

Ta~e -~ase T ~11i0~ 
TaPe _~ase T O~OOOD 
~;pe _~ase t 01011~ 
Tape_)ase + 01 100b 

Tape_base + O!OOOOb 
Tape_base + 011000b 
Tape _base ~ 0100000~ 
Tape _base + 0101000b 

Tape _base + 011 0000b 

;Base address of the control] 

~Fir·s .3254 

;Long :;ap t i~er· 
;Short gap t1m2~ 

;Oat.~ out ;or-t 
;Stat iJs out port 
;?arity~ strobe enab le 
;Command ~it ?Ort · 

;Parity~ state in 



LDC CBJ 

0834 

0000 

0002 

OOOA 

0034 
0014 
0030 
(H)20 

0004 

0082 

0072 
0082 
0070 

:)032 

: PJ~ 
;...-. i ? .. 

216 

SOURCE 

Read -~tatus 
Rea ,i _data 
Read_Dac k eq 1J 

217 ;Now some commands: 
218 
2i9 
220 
221 

225 
226 
227 
228 

230 

234 

236 
.-.~~ 
LJ I 

238 

242 
243 

245 
246 

243 

253 

t'I\ : ~:ear·_gu_cm ,J 
Set _;rit e_;tat ~; 
:1;ar_~rite st~tJ; 

:"".."I' l • I 

utt _;in e_c~tJ 
RTH _hi:3n_crrtd 
RTH_1aw_crid 
Soar·d _r· eset 
Cl ear_board_reset 

~rit 2_;ta!1;_val 
ReoiJ _; tatu~_va~ 
Erase_s tat us_va1 
Space_f1s1o _va1 
SPa(e_r·ev_vai 
Cuunt _~iiar: 
Count _t1ocks 

=:i--.r.+ .• 'T :-.~+ 
·.J~~! i _ 1. _ liiJ. ~ 

StaP ,: ir:i! 

Maste r·_ c _in it 

35_ ~; t _1 ~i: ~ 
Event_c_space_~ode 

False 

Run _-ie 1 ay 
Tape _;e tti ~ ~!1;y 

·ape _~ase ~ 01 00b 
7ap e_~ase + 100Cb 
TaPe base+ 010010b 

~f~ij 

e:i u 

e,~iJ 

t)OOi b 
OOGOb 
OOlib 
0010b 
0101b 
0111 b 
iOOib 
1000b 
10i0D 
i011b 

OOO!OOCOh 
G0110100b 

0011 0000b 
i)OiOOQOOb 
0100b 

OOOi GOiOb 
0101 0010b 
0011 00100 
i)OOi 0100~ 
\)011 (H)f Ob 
f)i 01 001 Gb 

~)FFh 

50 
8000 

!6/)6/86 ?AGE 

;Rewind s~ lected unit 
;Set unit off - ii e 
;Read th res ha d igh 
;Read thresha d ow 
;Rese t contra ler 

;Status vaiue fer wri e 
;Status value fo r rea 
;Status \a)~e iar erase 
;st~tus v~lue for fwd space 
;Stat us value for rev space 
;St~tus valu e for char :~lnt 
;Stat us va lue for block count 

;8254 initi alization valu es 

e ay unt 1 ~un ti ~aliJ 
e ay ti . taoe mo ion · 



""'l"I"' 

.. 1-._.:J 

·";.!·:: 
.1: :. 

OiD7 

2000 

1686 
1684 

0002 

. :d':' 
_..:, 1 :_ 

:s~ 

·'", i, .-. 
~:..:..:. 

.-. : :I 

:::.O'! 
--:f... :: 

.-. ! ! 
0:::00 

267 
.-. : ·" 
ibd 

269 
270 

.·.~ : 
~i .J 

277 

280 

282 
283 
284 

189 
290 
291 
292 
293 
294 
295 

295 

:G'.JRC: 

~ l . l - 1 ·- .::. .. == --

CRC_fin a! 

N~~_stat~s ~:t s 2qu 
& 

·'; t .f J ; .i ! i ~ J :.. 
·i ~ • .i. - .. .i.. . - - -.: 

G11i010111b 

f ::, f - • "'I • : " 1 :: .•. • ' .;. ... "'I • l ~ ... ... 
: ·- :.~:.:: i-l i :,.:; : :: ·. : ~:- • .i. lJ !l 

~ask ~_;rr er ]~s k C~C -~rr or ,asK 
~~~ ; ~~ _ er~ J~ , ~s ~. }~~_;r"" o~ :i ; ~ :i~e ;r-

i..i : l ~, ~ rec1rd ~QF _~~ :!,R~N ::~ ~~J-~n:1 ,F?!_1j :1, EJT_1~:1:~~? :a::! 
& 

c~ tr sta: ~s_jit s 
i 
;,; 

!O_~o i.Jr··:~ 
!J_:l e; t 
Stup _)~A 

WDS_en 
~ARS_cn 
Nuthing_en 

ON _LIN~_i n:1,;ny in:! 

recur·=J :Ju:r1t:1, J1 ! _courit~t, fi Wf:t, ~~0:1, :~2:11 
t1i:1, ;10 :1~ 3 D:i 

ei~iJ 101000 001000 10b 
100101 010000 iOb 
OC0101 010000 OOb 

0010b 
:}1 (H)(: 
000Gb 



. iif'\ ""'.j 'I' 

~i.J\., ~:_.:._. 

0001 
0003 

0007 

OOOB 

OOOF 
OOii 

001 3 3202 

201D G 

i ;\:r 
-..;.. : H ... 

300 

.302 

306 
.307 
308 

Gver· _i"·un _mask 

i~ad ~: ac k_·:1d 
~ea1i oack _L6 :l 1-:. : ; ._ , ·~ 

313 ;Now for some data ! 
314 
315 
31b 
~ i "'! 
Jil 

318 
"'!&i\ 
Ji7 

322 

"'I"". ~ 

JLJ 
326 
""I ,.,.,. 
.JL f 

328 

330 

11 t 
·.J-..il 

335 
~~ , 

.jj:J 

2:1t _~t;tu~ 
St up _nor·m 
Star·t_nor~ 
St;r·~-1 ung 
Star-t _eo f 
Star·t i·ea:j 

LRC 

EOF_buf 

assume 
assume 

segment 

db iO 

ends 

segment 

CS : T _cu e 
OS : T_da a 

1·~ j J J i J j .a J J 1., 
.} l ii! l l ii~ u 

1)11000 00 
f)! i 100 GO 

:]up • !'. ~ 

·: : J 

!6/06/86 ?AGE 9 

. ;Get th e d;ta ov er- run bit 
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8066/87 /88/166 ~ACRC ASSEMBLER 

LUC OBJ 

OOOA 81260BOQC088 
0010 :32:4606 
0013 A30i00 
0016 3A.0806 
0019 BB4608 
001C EE 
001D 8AC4 
OO! F :E 

~)0 23 :3B460A 
0026 EE 
(H)27 3AC4 
0029 EE 
002A 3AOC08 

0030 EE 
0031 3AC4 
0033 :E 
0034 BAi808 

0037 :334616 
003A 250300 
O(t3D A20000 
0040 EE 
:)041 8B460E 
0044 A30300 
0047 884610 
004A A30500 

0050 A30700 
0053 :3B46i4 
0056 A30900 

LINE 

386 
387 

~!"':·-, 
J7L 

393 

395 
396 
1!17 ~,. 

398 
399 

401 
402 

404 

40:j 

409 

J.f.! 
'ti't 
!.! C 
1TiJ 

416 
4i7 

420 
42i 
422 

424 
···-,!: 
1.LJ 

30URCE 

Se lec t 

~nter· 0, 0 
fiJSh DS 

ffiOV 

raov 
ijlj t 

out 

GIJ t 

and 

IBOV 

AX, _=Jata 

lfS, A 

~x! [BPJ.StoP vai 
StoP _tior·a, AX 
DX! ~ast~r- _:: 
AX, [BPJ.MC_va; 
DX. AL 
AL, AH 

DX, LG_det 

DX~ AL 
AL! AH 
DX, AL 

AL! AH 

;~, ~ ~!~ _ ~2~ _1a~~ 

Out _stat us~ AL 

AX, [SP: .Star t_lo~g _va1 

Star-t EOF ~X -
AX, CSP], t.;r-t read ·1al 

i6/06/H6 f~GE 

;Now ~e can ;et on with it 

;Fir· st the i sb 

; then the 1st 
;No~ do the sa!e for the LG co~nter 



OG SE EE 
005F 3002 
0061 EE 

.3 QU RCE 

430 

439 
440 +1 !EJECT 

AL, 8uar·d _r· eset 
::v u 
UA, f'! L 

OS 

~t/06/ 86 PAG~ 12 



8086 /87!85!!36 MACRO ASSEMBL~R TAP E_ IO_CONTROL_NODULE 

006B iE 
006C 68----
006F 8EDB 

:)07D (1Ci; 
007F EE 

0086 3A2608 
GOE9 E8DE04 

OGSE EE 
008F aOG3 
0091 EE 
0092 8001 

SO URCE 

;------------------------------------------------------------------------------

444 ; FUNCTION : Erases th2 tape fr~~ the c~rreni ?Osition to t~e EDT ~arker. 
445 
446 ; INPUTS! None l 

449 
450 · ; OUTPUTS : Non e. 

452 ; DESTROYS : AX, 3l, DX, CX, ?1ags. 

!.!': 
iOJ 

464 
465 
466 
467 

469 

471 

473 
474 

479 

462 
463 

. ' . 
fiJD l l( 

Erase_tape 

Er·ase _ tape 

en ter· O, C 
?USh DS 

or· 

DX, ~rit e_status 
~~' 01Jt_=~~i ;~ : 
AL, ~~~:2 :~3t ~; 1a; 
DX, AL 

]GV DX1 ~rite_au~ 

;Get ready for data access 

;Set ready ta ~et up the sta~t 
;Go du it 

;ov AL, Ncthing _e n ;Ensure no write strobes 
:Jut OX, AL 
10v ~X. Write _~ ~d ;Set up to give some comma~ds 
ca! 1 ri'3i : _~~r·_··~Iil~;-j 

~ov AL, Cl 2ar_bcar1_~e~et ;Ciear the reset conciiticn 
:jlj t DX, AL 

!} IJt DX, AL 
; Du it : 

DX, AL 

14 



• :-. "I r,n '!' 
·- ·.1 . ,.;,,_: . .; 

:":!':OD C !" --
.: v: _, ~:... 

OGAS ~2F: 
00A7 81260BOOFOE~ 

COAD 3A2308 

OO B2 EE 

0035 EE 

(H)S6 EBC DG4 

OOBA C9 
OG88 C3 

,. ~!C __ ;;:,_ 

4:59 

492 

494 
495 
'1 /"l.r 

·f1b 

500 
501 
502 

505 
506 
507 

509 
51 0 +1 ·!EJECT 

16i06/86 ~AGE 1~ 

;Finished? 

-
E_de i;;_ :oop 

an iJ 

. . 
tu nor·raa l 

DX~ AL 

OS 

r· 2 t 
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004 ;----------------------------------------------------------------------------

:.•.: 
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. . ~ 
QlJ ; JUT?VTS : ~on e • 
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o~~ ; IN?UTS : 

: : -ac , 
668 
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670 Chtck _EDF, C; :_c:, 6et_:iata ! Ci ean_timei·-:.. 
i ~ 1 
;j { i 
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Data_ ! AX 
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0208 GBCO 
020D 750F 
020F 810EOB000400 
0215 C7060DOOOOOO 
02iB '.:99 400 
021E 33C60D0003 
0223 880E0[H)t) 

0227 E3E6 
0229 3BDE 
022B 3£0000 

022E C7060F000000 
0234 C70611000000 

023A E3Ef02 

023F 80E40E 
0242 30FC:)6 
0245 7419 
0247 8BC7 
0249 EBF102 
024C OACO 
024E 7A03 
G25G 350001 

0253 49(/H}l 
0256 7506 
0258 610EOB000100 
025E E2DA 

0260 AlOFOO 
:V1 L 1 1~i:1:":~ 
~i i..i,;,j •.J .i ;..; i :.: l 

0266 25FF01 
0269 74!8 
02,~B FFOEOOOO 

'70 ft 
j ; · •• : 

'::''H 
f 7 L 

792 
793 
794 

796 
f'i f 

793 
700 
iii 

803 
804 
305 
:,/ti 
C'-..i :J 

807 

811 
312 
~~1 
:..;,i.1,J 

614 
815 
316 

:322 
823 
624 
-l·-:~ 
OLJ 

826 
827 
825 
829 
530 
531 

Parit ·r _nk : 

CRC?: 

mov 

Data_!, 0 
qea~_; ::1! 
Data_!! 3 
:' ~: ··: - .i. • l 
:.,A' !.Z =Jid_ i 

BX, SI 
SI, 0 

CRC! 0 
: l"\r. ••• 

LlH,, t) 

cal i 6et _dat a 

~;J V 01; Al 
anct AH, State_;ask 
cmp AH, Stat e_] 

§OV AA, DI 
cal i Ca1_c :: 
ur· AL~ AL 
.J pe Even_p. 
~or· AX1 ?arity_]ask 

Parity _ck 
~~ror , iask P ~rr 

lo op Ch eck_1aap 

AX, CRC 
AX, CRC_f ina1 

AX CH_'t 
LR _(heck 
Da a ; 

16/06/86 ?AGE ~· 

:Set the tJ ags 
;If NZ t~ ~n no pro~1 e; 

;Correct for the ~~tra c~aracte r 
;Get ready to ~o nv ert and chec k 
; t~1 e :j ata 

;Recover BX 
;Init iali ze the ar ray inde x 

;Zero the ch ec k charac~er s 

;Fetch some data ~nd convert it 

;Get the state value 
;~as there a gap in front of this 
;If E~ then ;es 
;Recover the data 
;60 calcu1at2 the chec ~ chars 

;Ch ec k the ~arity 
;New the oarity bi~ should 

;Is it? 

;Get the CRC 

;Shou ld a CRC have been writt en? 
;Discard the ju~k 

;Correct Length for tn e CRC 



026F 19 
0270 E8CA02 
0273 31E7FFOi 
0277 38C7 
0279 7406 
0273 8!0E0B000200 

0286 3BC7 
0288 8B3E11 (H) 

025C 51E7F?Oi 
0290 7412 

0292 4'1 
0293 FFOEODOO 
0297 25FFOi 
029A 3BC7 
029C 7406 
029E 810E0B000100 

02A6 810EOB000400 
02AC C7060DOOOOOO 

02B2 C45E06 
02B5 AiODOO 

02B8 268907 
0288 3A2808 

023E SOOA 
02CO ~E 
02Ci ~:(H)2 

02C3 EE 

02C4 t5BF02 

02C7 iF 
02CB C9 

532 
833 
834 
535 
836 
337 
S38 
839 

843 

848 
349 
850 
851 
852 
853 
554 
~ c ~ 
lj~.J 

856 
857 
358 
8S9 

861 

367 

.372 
873 

LRC _next : 

37 4 +1 ·lEJE CT 

... . 1; 
1.il i i 

crap 
DI, (H 9 

Generate t e L~C 
New check he CRC 

;If EG then uk 

i6J06/86 ?AGE 25 

ca ! 1 Get_data ;Get th e next piece of data 
IT! OV 

JZ 

ana 

i J ; . 

DI, AX 
AX 1 DI 
DI, LRC 
~i r t'U 1J 
;_: ,i 1 ':.iii _ l 

End check 

AX, VI 
End _check 

;Get jac k the data 

;If Z then no LRC written 

;One less characte r 
;Adjust L2ngth for the LRC 
;Get ~id of the junk 
;Was. th e LRC correct 
;If £,] then ak 

1cxz Read_exit ;Was that all the char3ct2rs? 
Qi· 

1es 
il:OV 

1eave 
r·e t 

Er ror~ mask Length_err ;If no t then error 

BX, [BPJ.N_read_c har_addr 

word ptr ES:[SXJ, AX 
DX ; Yr·it e_::rrtd 

;Writ ~ the ac tual ~umber of 

;Ok, now get the bo a?d back 
; to nurma ! 

AL1 C?ear _writ2_status ;Reset ~rit ~ status 
DX, AL 

endp 
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8086/87/88/186 ~ACRO ASSEMBLER TAPE IO CGNTRQL_MQDULE 

i :'::~ ii:"i 1 
LLil :..:DJ 

0389 E8FA01 

038C if 

038E C:AG400 

LINE SOURCE 

OC4 

006 

(H)9 

010 .~ Jpace 
Oii +1 .+ ~ ~~ .... '!' 

i CJ C~l 

1 eave · 
ret 

16/06/86 rAtt 29 

size Space_ struc - 6 



(H)(i2 

0006 

0391 

0391 C8GOOOOO 
!:""!':~ : i ,.. 
,} .j 7 .) i ~ 

0396 33----
t)399 8EDB 

039B C45E06 

039E 81260BOOEF98 
03A4 BA3408 
03A7 tC 
03A8 810EOB000002 
OJAE ~820 
0380 7410 
03S2 :51260BOOF~FO 
0388 ABO! 

?age F-75 

16/06/86 ?AGE 30 

I T' ~; :"" 

d:it 

~ :"t ;. -· : 
.i. '•).i, ~ 

1013 
1014 

;Pro cedure C~t~1 _s tat us 

1015 i FUNCTION : Re ads the ;tat us af th e controller and the tape tr;~s~G~t. 

101 7 ; INPUTS : Status_addr : Address of the st3tus. 

1019 : CALLS: Non e. 
1020 

':"1··:·-: 
iU.LL 

1023 ,; DESTROYS : AX , ~X, Flags. 
1024 
1025 
t :Yi L 
J.V"'U 

i (r) 7 
1'." .1.. 1 

1026 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1036 
4 t· """"'! .,}j/ 

1038 
1039 
1040 
1 t)41 
i042 
1043 
1044 
1045 
1046 
1047 
1048 

049 
050 
051 
1\ C ·· : 
\} Ji. 

053 
054 

Cntr·1 str·uc st f·!j( 

status_o ld _3 P dw 
status_ret dd 
Statu; addr dd 

ends 

Cntr·l ;tatus pr·oc fai· 

~nte r· 0,0 
pu sh DS 

niiJV 

1 es 

and 

tes t 

and 

AX, T_data 
DS, AX 

8X, (3PJ.Statils _ad dr ;Load t~e 3ci ress of th e 

Err or, not New_s tat us ~it s ;c :ear the bits ta ha set up 
DX, Re ad_sta tus ;Now input ~~ e info 

Er-r·ur ! mask RWD 
AL1 ias k RW0_ 1n 

tes t AL, mas k RDY_i n 
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3066/57 /88/iS6 NACRO ASSEMBLER 

LGC !JBJ 

:)421 SA1506 

0427 BA2808 
042A BOOA 

042D 8000 
042F EE 
0430 3002 
0432 EE 

0433 C606000000 
0438 C70608000000 

043E iF 
043F CB 

LINE 

26 
.-.-, 
i..! 

23 
29 

32 

"" JO 

39 
40 
" '! 1 

42 
43 
44 
45 
46 
47 
48 +1 

SOURCE 

Init _tape 

-
.:;-· :-· : lj '_ ,I, .:.. 

GU t 

cut 

!OY 
raov 

PiJ? 
r·e t 

endp 

ox! r1 e ;tat u; 
AL1 ea ;tatu s_~c~ 
DX~ ML 

OX1 ~r·ite _i:lTid 
~Lt Doar- il ;~~et 

AL , C1ear _go_cid 
DX , AL 

Out _sta 1J s, 0 
Error, 

OS 

i 6t )6 / 86 PAGE 

;Get ready for com~ands 

;Now initialize so~e variab les 



8086/87 /88/186 MACRO ASSEMBLER TAP E_ IG_CONTROL_NODULE 16/06/86 PAGE 34 

LDC JBJ 

0000 
0002 

. 0006 
OOOA 
O(H)E 
(H)i i) 

0440 

0440 C8{H)(H)00 
0444 iE 
0445 BS----
0446 8ED5 

R 

SOURCE 

149 ------------------------------------------------------------------------------
150 ;Procedure Diag 
i5i 
152 ; ;UNCTION : Obtains diag~ostics inforiation from stored ct ~ta . 
153 
154 ; INPUTS : 
i55 
156 
!57 
156 
i59 

i i i 
101 
~ L ·) 
!Uk 

163 

Stat2 _a ddr· : Address of the ;tate oi :he control:er at t~e tile 
th;t the ~e 1ected data was read . 

Par _err _a ddr : Address of the carrect i incorrect ~a~it y flag 
Index : Inde x into the data buffer 
Oi ag_ ~uf ;ddr : Start address of the data buffer 

; CALLS : None . 

164 ; OUTPUTS : State and error f1ag into the a~ove addresses 
165 
166 ; DESTROYS: AX, BX, SI, ES, Flags . 
167 
168 
i ! rz 
107 

170 
i 71 
172 
173 
174 
175 
176 ,..,-r 
.i ll 

173 
i79 
180 
181 
j ~ -j 

101. 

183 
184 
185 
186 
!87 
188 
189 
190 

Di ag_s tr·uc 

diag_utd_3P 
diag_r- et ,1r·n 
State addr· -

st r· uc 

dd 
dd 

?ar_err_addr d<l 
Index dw 
Diag_huf _a ddr dd 

Oi ag_s tr-uc 

Diag 

ends 

Oiag 

pro i: far· 

en ter· O, 0 
I l",l"'I. 

?!JS ii LJ j 

mov 
!IIO'i 

AX, TJata 
DS, AX 



LQC OS.J 

044A SB760E 
044D C45Ei0 

0450 268AOO 

0459 26(60700 

046 i 3}!)(H) 1 

0464 A'i(H)Oi 
0467 7:104 
0469 26C607FF 

0460 C45E06 

0472 i50EJO 
0475 D1F8 

047A iF 
047S C9 
047C CAOEOO 

192 
193 
.H'!! 
li=t 
•oi; 
J. ;~ 

196 
4 11'"1 
i 7 i 

199 

202 

204 
205 
206 
207 
208 
209 
21 0 

.-, , I. 
~i't 
·~j C 
~i...J 

216 
217 
213 
219 
220 

S;JURCE 

Diag_add _p: 

Oiag_p_ok: 

0iag 

22! +i $EJECT 

mov 

l~s 

and 

!eave 

en,jp 

16106/86 PAEE 35 

SI, [BPJ. r:d e~ e1 e 1~1:J ex liilu t~!e 1i6ta 
SX! (BPJ. i~9-~uf _a~~r et e tuffer addre~; 

AL, byt e pt r ES:[BXJ[SIJ;Now to chec~ parity 
AH! Locai _buf[SIJ 
SXt ~BPJ .Par_err _;cdr ;Where the error info goes 
byte ptr ES:[BXJ, Fal se ;Assume no er~or 

Di ag _udd _p 
AX, F.;r·ily_mas ~ ;Now the parity bit shoulc 

Oiag _p _ok ; If Z then :jk 
byte ptr ES:[BXJ, True ;Signa l parity er ro r 

BX, CBPJ.State_aadr 
AL, AH 

;Wh ere the state value goes 
;Get the state info to AL 
;Get rid af any ju nk 
:Get the state into the 
; 1oijest three bits 

word pt r ES:[BXJ, Al ;Store the state va1ue 

size Oi ag_struc - 6 



8056/87/88/186 ~ACRO ASSEMBLER TA?E !Q CC~TRCL_ ~DCUL~ 

LDC GSJ 

047F 

047F 8A2B08 
0482 B007 
0454 EE 
0465 E82700 

0486 CB 

: i ~i t'" 
~l 1l C. 

;Procedure Of f !ine 

; FUNCTION : Sets the se lec ted unit aff- line. 

227 ; INPUTS: None. 
228 
229 ; CALLS : Cmd_r·eset. 

231 ; OUTPUTS: None. 
232 
233 ; DESTROYS : AX, DX, Flags. 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 

246 

pub 1 ic 

Off l ine 

Qff : ia~ 

raov 
HiOV 

OXi Wr te _cad 
AL, Gf _1ine_c;d 

uut DX, AL 
ca l i Ciild _reset 

ret 

249 Cff _;ine enap 
250 +1 $EJECT 

16/06/86 PAGE Jb 

;Get ready ta give the com;and 

; an1j gi ve i 

;Nuw reset t at iine 

iThats i t '. 



E086!87/88i136 ~A CRD ASSEMBLER TA?E IG CONTROL MODULE 

0489 

0489 8A2B0B 
04BC BOOS 
048£ EE 
048F E8i D00 

0492 ca 

! n :: 
L.l li t 

i25i ; - -- - --

.-,:: ~ 
i.J..J 

254 ; FUNCTION : Rewinds the se !ected ~ipe. 

256 ; INPUTS: None. 

258 ; CALLS: Cmd res2t. 
25'1 
260 ; OUTPUTS: Non e. 

262 ; DESTRO YS : AX, OX, f1ags. 
263 
264 

267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
·-: '"!~ 
i. fO 
··:.,. ,: 
L i7 

280 Ti 

rub!ic Rewind_tape 

Pi·oc far· 

DX, Wr·i e_c!iid 
AL! Rew nd_cid 

ca1 \ C:Pl reset 

i6/06!86 PAGE 37 

;Get re ady to give the ~ammand 

; and :;ive 
;Now re set at line 

;Thats i t ! 



LCC OB.: 

0493 3A2SG8 
0496 3009 
0498 EE 

0499 CB 

; : ~iC' 
i...l:t~ 3GURCE 

f6/0bi36 ?AGE 38 

231 ;------------------------------------------------------------------------------
282 ;Procedure Set _RTH_hi9h 
233 
284 ; ~UNCTION : Sets the read threshold high . 
285 
286 ; INPUTS ; None . 
287 
288 ; CALLS: ~one . 
289 
290 ; OUTPUTS: None. 
291 
292 ; DESTROYS: AX, DX, F!;gs. 

Set QTH _high 

Set _RTH _high proc far 
299 
300 
301 
302 

305 
306 

mov 
mov 
out 

307 Set _RTH_high endp 
308 :i SEJEC~ 

Dl, Wr·it e_cid 
Ali RTH_high _cmd 
DX, AL 

;Get ~eady to Jive the (Dm~and 

; Thats it '. 
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04A1 

04Ai C1C004 

04A4 38C8 
04A6 25FOF~ 

04A'i G3C3 
04AB 7301 

04AL! 41 
04AE C3 

LINE 

1339 
1340 
1341 

16/06/86 PAGE ~u 

LOCAL PROCEDURES 

1342 jllltlflltfltflfttlttttlftif.llltltttltfftltlfttllttttltllfllllttlltftfttllflf 
1343 ;ttltttillltilllllilllllllftltlttfltlttilttft ttllf.tlltfttttl41\lllllftllfffll 

1344 ------------------------------------------------------------------------------
!345 , ;Procedure Ca1_dma 
1346 
1347 ; FUNCTION : Calculates the valu es to writ e to t e ONA regi;te~s . T~e nput 
1348 
1349 

address is converted fro m segmen /off se t far~ to 20 ~i tarm . 

1350 INPUTS : AX:8X : Input address. 
1351 
~ 1~ ·:: 
J.-.Jj i. 

41~1 
l:J.;:.J 

; CALLS : None. 

1354 ; OUTPUTS : CX :8X : Output ;ddress. 
n ,;r:; 
• ..;.;J 

1356 ; DES TROYS: AX, Fl ags. 
~ 1~7 
J.,jji 

1358 
1359 
1360 
1361 
;~ : .•. 

1j0L 

1363 
1364 

1366 
l1L 1 
.i.'.ii.J i 

Ji!~ 
1,100 

1369 
1370 
1371 
1372 

Cal_d;a 

No car·r·y : 

Cai _drna 
1374 
1.375 ~1 sEJECT 

pr·oc near· 

r·o l 

!OV 
and 

lilC 

r· et 

.-. ~: ~ V 
\.>At MA 

AX, (J fff Oh 

rio _,:ar n 

ex 

h g es 4 bit s are 
n 

Sore he segJent in CX 
Get the part of the ~eg men t to 

If ere was a carry we must 
ad 1 to th e hi gh par t 



04AF 

04AF 3401 
t~!ni :!'9' 
!J 'tC:i Cot 

0482 C3 

LINE 

,:t:' 
iJ!Q 

i373 

!330 
1381 ; INPUTS : AX : Com1and b t address and value. 
1382 
1383 

DX : Address o the com1and port. 

1354 ; CALLS: None . 
J "'Tr.l"' 

1.JOJ 

; OUTPUTS : Non e. 
1

1:,"'T 

J!j f 

1388 ; OESTROYS: AX, Fl;gs. 

1390 
1391 
1392 

1394 
1395 
'1 396 
1397 
139:3 
1399 

Cmd _r·eset 

1400 +1 $EJECT 

r·et 

Al, 1 
DX, AL 

16106/86 ?AG~ 41 

Fl ip bit 0 ( he data Jit) 
and oiJtput 



8036/87/88/186 ~~CRO ASSE~BLER 7APE_IQ_CDNTROL_MODULE 

0483 

04B3 B932(H) 
t~An! :~:!'"r 
~J'tOO C.kf C 

0488 3A3408 
04BB 810EOB000020 
04C1 B9FFFF 
04C4 BA3408 
04C7 EC 
04C8 354000 
04CB A842 
04CD 7534 

04CF A604 
0401 7511 
0403 F706(r8000020 
04D9 7428 

0408 310EOB000020 

04E1 ES0790 
04E4 81260BOOFFDF 

04EA 8AOE05 
04EO 30E4 

401 ------------------------------------------------------------------------------

403 

407 

nor~ai com;and terffi1nat Gfi, ti~e _o~11 the 
or encountering the BOT tat ~ackwar1s, 

408 ; INPUTS: None . 
409 
410 ; CALLS: None. 
411 
412 ; OUTPUTS : Non e. 
413 
414 ; DESTROYS : A:(, DX, CX, Flag s. 
415 
416 
417 
418 
419 
420 
421 

423 
424 
425 
426 
427 
428 
429 
430 
431 
432 

434 
435 
436 
437 
438 
439 

Wait _for _e nd prac near 

Run loov : 

Wait _ioup! 

CX, Run _deiay 
loop Run _looP 
10v OX, aead_status 

Er·r·or· , ~ask BOT 
~ov 
raov DX, Read_s tatus 

;Wait for· th e cantroi !er to go 

;Set initial ti!t out 
;Take a look at RUN and ON _LINE 

lfi AL, JX ;Get it in 
AX, mask RUN ;I~vert the run bit 

test AL, IDask RUN or ;ask GN _LINE_ in ;Finished? 

test AL, 1ask ~DP_in 
Nut _LDP 

JZ End _det 

j rap 
and 

ilOV 

!llO'i 

Er·r·or, ;ask BOT 

6ap_chec~ 
Error , nat !ask BOT 

ox, r~r· _i_::n r·l 
AL~ Read _bac _LS 

;Ar·e ~e at BOT? 

;Were we at 30T? 
;If net then end of DP 

;Set up for next tiie 

ow check for any tape activi y 
et 1p to read the c~unt~r au put 

42 
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I .~ ."I 

_u.. ~~:,; 

... e , -~ 

OS1D EE 
i)51 E 3AC4 

0528 3AC4 
052A CE 

052B C3 

;------------------------------------------------------------------------------

482 

486 

490 
491 

495 
4% 
497 
498 
499 
500 

502 
3et _s tart 

503 +1 ~EJECT 

:Jij t 

ifi OV 

r· et 

Al, AH 
DX~ AL 

': .t! ! 
HL ! Mil 

DX, \~L 

,, 



os:c 

~)52C 8A64 i 3 
052F 268AOO 
0532 35FFOf 
0535 886413 
0533 268300 
05~8 46 

053C C3 

7APE IO CJN7ROL MODULE l6/06/Ei6 

::.· -
·-- ··-

~04 ;------------------------------------------------------------------------------

506 
507 
50.3 

; FUN CTI ON : Gets a data byt~ ~; ~el I as it ; ;arit y a~a 5t ate 
buff er an d loca1 buffer respe(1 ivei~ , 

510 ; :NPUTS : 

516 ; OU T?UTS : 
~ J: 

SI 

Star t addr ess oi the data ~uffer. 
Ino e}: i~itu buf fe: . 

0ata! par ity in ~i t 8, sta te in tit s 9-11 . 
: !nd ex inc~ement ec. 

520 ; DESTROYS : Flags. 

523 

525 
526 

523 
529 
530 
531 
532 
C "'!"'"l 
JJ.j 

534 
535 

537 +1 $EJE:T 

pr·oc near 

mov 
raov 
in c 

AH, Jca l_buf[SIJ ;Ge t the parit etc 
AL, yte ptr ES:(BXJ[SIJ ; and he aat~ 
AX, nv2rt_~as k ;Inv er t t e da a and ;ar ty 
~o~; _bGi[5IJ! AH ;Now put ac k co rrec ted ata 
by te pt r ES: [BXJ[SIJ1 AL 
SI 

) 
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604 ~------------------------------------------------------------------------------
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OOCA 
OOCE 

0040 

000[} 

:: ~ 

- ~ '":··1 ~ -, 
=1 204 

=i 209 
=i 
=i 

- ~ ·:J : 
- 1 Li:J 

=i -:, i 
~iO 

=t 217 
=1 
=i 
=1 
=i 
- of •::·::·:1 
- , ... i.~ 

- :i •'": "': .~ 
- i ~t.i 

=i 225 
=i 

227 
228 

230 
231 

USARTO_:Jata 
USARTO_( antrai eQ u 
USAR~! _jat; equ 
~SAR~! ::~t~Ji ~~u 
11,~I 1'. - • -u~tt~ 1-~oue _t 
JSAni_~G:je 3 

Dummy _ ::~jij 

rtec _mask 
Tr· _mask 

, ~ 
Lr 

2=1u 

0011011 1 
.)1 }00000 

OAh 

; Loo k or RE rea~Y 
; Loo ~ or TX re;dy 

;Bit deis for the bits in th e int err u~t ID ask reg is~er 

reco rd ~1 _i~t :1, Ti _1~t :t,~O_int :t,TO_~~t :f, 

• , l • 
1."l l 

DMA _1_i nt :t,DMA _0_1nt :1, l~t _bit s_dtimmy:1,TNR_i nt:t 

;Bit defs for the 8251 USART status regi;te r 

USART_bi ts 
& 

reco rd ::S~: t ,S't~ Jet:·: ,V3tt~; ?r·:·J: :2, ~i _~;;.~~ 1 ; ~ ,i~; ;·~'f ! 1, 

TX _r·dy : 1 

232 ;Set up a stac k segment: 

stack segment STACK 

200 

237 
238 stack 2nd s 



8086!&7!8&/186 ~ACRG ~SSE~BLER 

£001 

C350 

(H)10 

0004 
0006 

0003 
0002 

0007 

0064 
0065 

,..~,..,.. 
rrrr 
FOB8 

OOFF 
0000 

0005 

243 

243 
249 
250 
25i 

256 
257 

260 

!:1}0000C00C0001b 

5(H)00 

2 :~ij 

;Now define the characters used in the fr ames 

OLE 
End char· 
ACK 
NAK 
CONT 

261 ;Set up the progra~m1ng ilf the int errupt contr ol registe rs 
262 
263 

265 
266 

269 
270 

INT_T~C_vai 
INT_!NTO_va 
INT_INT!_va 

Fr-a~e_r·ec_int 
Time Jut 1 ::t 

... " J. J !. ~.! i i l L! 

0110i1b 
010100b 

100 
i01 

272 ;The CRC start and end valu es : 
273 
274 
275 
276 
,.,..,..,. 
i.!t 

276 
.,. .,!"'! 
I.ii 

280 

OFOB8h 

False 

281 ; The divisors for the var iou s taud rates 
282 
233 3aud_96_a 5 
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3086/37/38/!56 ~ACRO ASSE~BLER COM~S_MODUL~ 

ono 
~21 
~22 
0224 
~26 
0223 
022A 
~2C 
022E 

. ,,1~ 
-- ~t 

324 

326 
327 

329 

331 
332 

335 

SOURCE 

T_t_char 
T f ~h~r 
R_state 
T_state 
Tr ind e~ 
R_crc 
!_ere 
: er~ ~ave 
Count 

04/2?/86 PA6E 

Rece ve state 
T~ sate var iabl e 
1' I • : ~ l ! .• 1nae 1nto !X outter 
Rece ved CRC 

Save CRC valu e 
dw 

ends 

; Define a segaent where the interrupt vectors are inserted : 

004C 

004C 

0030 

o~o 
0032 

0034 
00 36 

0000 4004 
00~584 

339 
340 
34i 
342 
343 
344 
345 

352 

Int _pointers s2gme~t at 

org 

Type_i9_offset dw 
Type _t9_seg ctw 

org 

Type _12_affset qw 
Ty pe_12_seg dw 

Jype _13_offset aw 
Ty pe _1J_seg dw 

354 !nt_pointers ends 

~_code segmen t 

CS ! C_co de 
359 

Oh 

360 ; Now the ;tate tables (used fo r indir~ct Ju~p s! 
361 
362 R_tabie 

(, 
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BLGC r~ _I 

85 92 0 0 

if num = O t en num := l 

end ; 

-$EJECT 



SERIES-III Pasca l-86, V3, 0 

ST~T ~lNE NESTI NG 

90 107 0 0 

91 111 

Qf 113 
92 114 
93 115 ~ 

94 116 

96 li8 

0 

(f Thi s procedu re set the ?Oint ers up for the next data fr;me. i ) 

tegi n 

end; 

Jut _count := G~t _c~unt L Fraie _i2G_o ~t 
7_b!3ck_len := T_b1ock _ien - ~a~ f ~;r 
ii T_~lijc~_ en< 0 t~en Frame len out = ~a ~ i 1en T T_~i o(k !in 
el~e ;raie en out := ~ax i 12n; 

SEJECT 

06/05!86 PAGE 



STMT LI~E NESTIN5 

98 129 

98 131 
00 i32 
01 !33 
02 134 

104 i36 

il 
l,j 

PJge F-148 

procedure Send _frarne; 

(* This procedure sends ; data frame. This ~ay ~~ ~itter a ne~ frame as set 

:t ;:-~we _iii~g :t;en ~i·:~ ~1:;Serid ~r·.;Je :, T_fi;:1rnJ: 
Set _ti~ei·li1~e_·J!Jt _::·a!:; {t Set the ti~e ~ut value t J 
if T_block_len ) 0 then T_fr~me(STARTj CONT, Fra~e _1en_gut , _f~u~, T_~uf, Jut c~utt ) 
e1se T_fr·ame(START! END_ch, Fr·ame _1€n_out, T_ffPJ m, T_r=uf, Gu _::uunt); 

end; 



STMT LINE NE3TIN6 

105 142 0 u 

!Oo 147 

107 150 1 4 

108 151 1 

110 153 
iii 154 

112 156 ~ 

06/05/86 

(J This ?rocedur~ initializes the Jodu le. Note t~at the lower leve l ~adu]2 
is a1so 1nitialized . ±} 

~Jit _cQmsi 
T_f~u~ := 0: 
~_f;Ji := 0; 
~_bioct_!e~ := :; 

. SET!NTERRUPT ~~ie r?( _iJt! ~a~e_re( j; 
SET!NTERRUPT irne_out _int 1 T me o~t ~; 

end; 

$EJECT 

=~;e =- t49 

BLOCK 
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~:: ~ ~ 
l !W 

i13 186 
J;Q :~: 
.:..1 1 ii..!i 

120 188 
i2i 189 
!22 190 
i23 191 

124 193 

0 
~~~(e~~~~ ~!oc~ ~~: =iar :Jt _~ioc~ : ~u~; .1 _)~t_ ty oe; 

81ock_leng th : in e;er ~: 

~- ~1; := :~t -~?~ck.Re;( _~ oc~; 
7 ~]~ci 1~n := 3l~ck 1 ;~9 ~; 
Gut _caunt := O; 
Frame _len _aut := O; 
5et _ne~t_fra~e; 
Send_frarae; 

~~T~~~ ~cJ,~ i 

06/05186 



STMT LINE NESTI~6 

125 20: 0 0 

126 206 

i26 203 
:27 209 

4 -'".iil ··;J J 
l~U Lil 

!29 2i3 
130 214 
131 2i5 
j"!"! •-iJ i 
lJJ LiO 

134 218 

136 220 

.-, 
f.. 

.-, 
f.. 

2 

f "!'i' ·· r ·:··t J 
iJ i L1..L i L 

4 ~~ ··:··1:! 
iJ i ..:~~ 

139 225 
14(} 226 
140 227 
141 228 
i42 229 
143 230 
144 231 
145 232 

147 234 
148 235 

150 237 

i52 239 

152 24i 
154 242 

155 244 

57 246 
~o ·"\ ,4n 
,.; ; L~1 

60 250 

3 ., 
J 

3 
4 
4 
5 
5 
J 

4 

4 

3 

2 

3 

. . . -
'.:i t. f': Wtd .11 ·. -
; ' :' : ·• , : -~ "~ . 

(: 61t)S13~ 

(1 This procedure hand les fr;Je r2c2i 12d i~t2rr~pt generated ~f t~e fr ame 
handler raodu 1el 1; 

ENABLEINTE~RVPTS; (f We dant ~ant tc ~is ; anyth ng. i i 

if Frame _diag then beg in 

write (1 Fraffie rec J) ; 

wr1te(F_~um_in l: 
if Error th en writ e(! error in frame '}; 
write (' L2n 1 

i F~a~e len in J; 

end; 

case Start _c har of 

ACK : begin (i Is it an ACK frame? 1) 

i f f:·a;e _:Jiag th en 'Jr·: te in\ 1 ACK fr·ame ;} ; 

PAGE 

1f \ri·~~ :r ;·or· : arPJ tEnd c~i a:-- i ;i = Efi[,_:t;J and {F n11~ in = T_fnum i then 

end 

Inc (T_fn um); 
if T_b lock _Jen }= 0 th ~n )~g1~ ~' J~ J2 ~ant ta ;en~ ano~he?! ii 

Set_n2~t_fr-ame; 
Send fr·ame; 
end 

else Send frarae; 

NAK : beg in 

i f Fi·ame_diag then 1Jr·ite irdi 1AK fr·ame =) ; 
S~r,d Tr arrtei 

SiART : begin 



STMT ~!NE ~E2T!N6 

JL1 ~t-
1uL LJ~ 

i 

i 5 
J 1 1 ~cc A ~ 
10, LJJ ~ ~ 

165 257 
!67 258 
,, n ~rn 
iC7 l17 

i71 261 

5 

J 

ffj 264 1 L 

176 266 

t 1~ ~~n 
iiU L IV 

06/05/86 

SGURCE TEXT: :F3: A0~9C~ 1SH 

end; 

end; 

$EJECT 

~- ~a;e(A ~~! ~~0 - ~ ~ ~ ~ F ~~ ~ :J, T ~~f! 0) ; 
if F_num_in = R_fnum t efi ~esin 

end; 

R_)]~cK _~2~ := R j 0ck len ~ F~;mE ~!i :n; 
Inc (R_fnu~ }; 

if Eno _char_ in = ENO_( h th en CAUSEINTERRUPT (Bloc k_rec_int); 

SLOC~ 
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SERIES- III ?asca l-86, V3. 0 16/06/66 

ST~T LINE NESTING SOURCE TE~T: :F3:ADMTCN.SRC 
(±tttfTtTJTtftfY*tttfft±ftt*f.tttftttt*i*t±titttttttttttftttttttttttt!itttttttt 
t.tf.tltttttt.ftttttf.f.ttf.tf.tttttf********f.±ttftf.ftf.ftttff*tt!tttttttttttttttt.ttt 

~ODULE FUNCTION : 

Wri tten : A.D.NcGuffag 

Language : Intel Pasca1-86 V3. 0, 

Restrictions : None, 

This ffioduie provides the following functio ns : 

i, Allo~s the operating parameters {baud rates, t~pe tr a~S? ijr t ;p2~ds, 
terminal types etc} of the cantrcl ler to be set. 

:. All ow the user to operate the tape tr ansports in :oca I ~ode. Tapes 
may be read, writt2n, erased or copied without host syste~ ~n ter12nti on, 

J, Provi des an int er face to the PDP-11/23 host system. Blbck, each ~l ac ~ 
corresponding ta a sing le POP-11 :a req uest, are trans~itted to th e tape 
control ler. These are then interpret?d ~¥ th is ?rG gram and a ~ep ly 
biock ret urned. Received bloc ks are signaled ~Y ; ;~i~ j ~; 2 in te rrupt. 



2 

58 0 0 

_, -, 
0 =1 

=i 
3 4 0 0 =1 

4 6 0 0 =1 _, -. 
=1 

5 9 0 0 =1 _, 
- j 

6 11 0 0 =1 
=1 
=i 

7 14 0 0 =1 

=1 
8 17 0 0 =1 

=i 
=i 

9 :o O O =! 

10 22 0 0 =1 

ii 24 0 
- < -, 

12 26 0 0 =i 
=i 

tJ 28 0 0 =1 
=i 

14 30 0 0 =i 
=1 

15 32 0 0 =1 
=1 

!6 }4 0 0 =1 
=1 

,~ 
ii 

_, 
- r 

=1 

16/06/36 

$J~rge (Fi~up has T;pe _contro ll i _ri 1 itives; 
i axpJr s Ini _tape, Se ec ~ ~ras i_tape, Read_block; 
$ 

$ 

$ 

!~;~r ~ ~r1 ~-~iock, r~ e_~ith_1G~g_g~~= ~rite_~~F; 
expor s Space, C~tr 1_st~~us! Jff _'ine, ~e~ in J taJe; 
;x~~r ; S2t RTH_~igh, Set~~T~ 'c~! ~1 ;~; 

exports ~ t_coms~ Set ~a~d, R_fraffi e! T fr ;me; 
export s e timer ~ 

Scompact {-const in cod e-} 

ioduie Tape_contro!l er_~ain ; 

sinclude(:fJ:adapdf.src ) 

public Tape _cantroller_primitives ; 

procedure Init _tape; 

procedure Seiect(Unit _se l : integer; 
T_~ata : Tape _d~ta_typ el ; 

?racedure Erase_tape; 

proc2dure Read _b1ock(var Read _~uf : buffer; 
var N_~_ctar : integer ); 

pracedure ~rite_block(var Write _buf : buffer; 
N_~_char : integ2r ~; 

procedure Write _with_1ong _gap(var Write _bui : buf e?; 
N_w_char in eger !; 

procedure Write _EOF; 

~roc~dure Space(var Sp _count : ~nteger ); 

procedure Off_1ine; 

procedure Re~ind tape; 

;racedure Set _RTH _hi gh; 

procedure Diag(var R_buf : t~ffer; 
Ind ex : nteger; 

pub lic Co;;s_raodule; 

~ar ~;r ~-~r~cr : oo lean; 
v;~ Sta e : integer ; 

PAGE 



3ERIES-III Pasca1-86 , 13. ~ 

ST ~T ~INE ~EST:NG 

- -= -, 

_, -, 

20 46 G 0 =1 

·'":1 
:::.1 

_, -, 
=i 
=i 
=i 

=1 

_, 

_, 
- j 

22 61 0 0 =1 

- 4 -. 
fi : i 
••• 4 _, 

- J 

24 66 0 0 =i 

71 0 

_, - , 
=i 

:-~ _ J 
!} - 1 

_, 
- J 

28 7: 0 0 =1 

29 1~ 0 0 =1 
=i _, 
- 1 _, -, 
_, 
- J 

30 80 0 0 =f 
- 4 -, 

31 82 0 0 =1 
32 53 0 0 =1 

84 0 
34 as o o =.1 
35 86 u O =1 
36 87 0 0 =1 

=1 _, 
-1 

37 90 V O =1 

j f 

38 
39 '?4 

=1 _, -, _, 
- , 
_, 
- 1 

procedure Se t_baud(Chan _num er : integer; 
Rate _s2 ect : i~t eger ); 

var F_ch;~ : integer; 
var F_ ~engt h : iGt 2ger : 
var F_data : 310 ck; 

F_index : integer; 
var F_nuffi : integer; 
tar f e;~gr : ~oc ~~i~ ;; 

procedure T_frame(T_f_char : integer; 
T_t _char : integer; 
T_length : int eger: 
7 ! ~um : integer; 
var T_data : Block; 

T_inde x : int eger ); 

procedure Set_timer (Time : integer); 

pub l ic Biack_IO; 

const F ame _r!(_int 
7 we _J~J t_int 
B oc~ _:-~1

: in: 

;rocedure Init_black_IO; 

= 100; 
= 101: 

procedure BJa ck _out (var ut_bloc k : Ou tpu _buf_type; 

public Tape_cantroller_;ain; 

canst Data_length 
B1Jck_lengt;1 
N_dr· i ve;. 
C1kjen 
Vnit _O_MC 
Unit _!_~C 

1ock jength in eg~r·J; 

- !: •~!':JI I 

- Ji., !} i ! 

= 5207; 
- j. 
- il 

- .i '1':"'l: 1 
- i J7, 

= 250; 

type Tape_data_type = record 

Stop : integer·; 
Master_c1ock : integer; 
Long_gap in teger; 
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SERIES-III ?asca!-86, V3.0 PAGE 
TAPE_CONTRGLLER_tAI 

ST~T LINE ~E3T! NG 

111 124 i) G 

112 126 

i12 130 
113 ·131 
114 132 
116 133 
117 134 
120 !35 

j .,., ~ 11 
ii.l l,J i 

124 139 
126 140 
123 141 
130 ! 4~ 
132 143 
~ 1}! j :I.! 
l-.Ji li-r 

136 145 
135 !46 

139 t 48 

(t This procedure ji sp lays !he status of the currently selected tape transport, 1) 

~nd; 

-write( 1 Unit ! , LUN , ' status ! 1
}; 

if S_e rr in Out_status ~hei writ e(1 5e 1ei:t ~r·r-ur·-') 

ii BOT in Out _s tat1Js !hen wr·it~ \1

, at 30ii) 
else if EDT in Out _~ tatus then wr·ite{' past EGT' i ; 
if EDF in Gut _s tatus then !Jrite(1

, EDF detecte;~ 1
; i 

if HWL !n Gut _s tatus then write(i, ~rite ~ackedj); 
if SWL in Out _s tatus then ~rite( 1

, software writ2 !ock'l ; 
1f Ti!e_~rr in Gut _; tatus th en ~ri:~t ' , ~iie error' : ; 
if ?_e rr in Gut _status then Jrite(' parity ~rrar'); 
1f CRC _2 rr in Out _s tatus then write i, CRC error 1 t; 
if ~engtri _~ r·r ii, Jiit _: ta~~; t!1en ~r tee! :ength e:rj; 1

; ; 

if DNA_2rr i~ Qut _s tatus then writ e f ! DMA ir ~or ;:; 
wr·itein; 

$E.JECT 



3~~IES-!ll ?asc; i-36, V3, 0 :6/~):J/86 

STMT _i~E NESTI NG ::DUR CE TEXT: 

. . . . 
i~ ap \c!Ciiar l :c r1 ar· ; 

(i This functi3n returns the the upp er case for~ of a~y letter, *I 

41 57 

44 60 



145 !66 t_: G 

~* Thi s function r2t urn ~~ e integer valu e Df a~ y character in the hex, set. i } 

0 
46 71 
.~ : "'! ·· 1 
:O:i i L 

$EJECT 



15 i 150 

52 200 
53 201 
54 202 
cc ·~:(;1 
jj ~V ·j 

56 104 

c~ .-.t,~ 
Ji 1.. ') I 

57 203 
5S 209 

6{) 211 i 
61 212 

62 214 
64 215 

65 217 
66 218 
66 219 
69 220 
70 22! 
71 222 
[ j 223 
74 224 
7 L ·~1·~,~ 
j 1J !..i..J 

11 .•, J9i ; 
I f LLO 

76 227 
r1 22a 
5(~ 229 
81 230 
Q,j 23i 
84 :~: 

0 

16/06/36 

(f Ttis function reads in an integer in cne of five for;ats 

5. In the form of a character enclosed in iing1e ~Jot~s: 16te that in 
thi s case the ASC1I value of th e character 1s retu?ne~. 

If a carriage return is entered then the number ~i l stay at its 1rigi na1 
va1ue. The nu;ber is checked for valid for;at, and f i t ~s va li th e the 
function returns true. Not e that an auto~atic upper case convers on is 
per-for·1ed {except for char-act er· l it er·a1s ). ti 

var iagicaI_~1ank : set of i 
1 

•• 'O' 
tri·rrdnatoi· set of ; 1 

• • 
1 ti 1 

inchar : array [1 .• 32] of char; 

logical _bl~ ~k := [ 1 

t~r·iiirt~tor· := [' 
In _ird := t··:1e; 

, ! :": 1 J ! ; • 

! ~) ' ' j' 
' t 1 H:, ,{/' : g1' : B! J; 

; I - ~ I 
1 I - 1 f 

inchar[1J := 1 1
; 

while not eo ln ;nd (inchar[1J i~ logicii _bl ank } do ?eaG {inchar[!:;; 
if not {eoin and (inchar-C1J = 1 

; ) } then 

if inchar[1] = ! i E} then beg1n 
if not eoln th en re ad (inchar[2J~; 
if not eoln then ~egin 

read (inchar[3J ); 

else Ia _int := fa lse; 

ei;e In_i rit 
end tti ft ! 

r·ea ,j { 1 har· iJ); 
~ U(fiJ let ; 

31 en n int := false 

TAPE_CONTROLLER_MA 



SER ES-I ll Pasca1-66~ V3. 0 
Hi i: :" 
ii'i _ :1 i 

!89 237 
190 238 
192 239 
194 240 
195 24 i 
197 242 
i95 243 
199 244 
200 24S 

202 247 
204 246 
206 249 
207 250 
209 251 
211 252 
212 253 

' '! 

4 
4 

., 

. .) 

3 
4 
4 
4 

4 

2 
2 
.-, 
1.. 

r·eadin; 

!EJECT 

I c:. ~.ii:i T i-;i! ::- r-
1 ! ._; I nL.11 ! I :.::ii-.J \.r 

: ~ ~ : t:ase ! = 16; 
!Qi : bas~ := 3~ 

1
;' : base := 2; 

ot nerwise base := 10; 
2nd (Ti:aset); 
temp := o; 
if {ba;e {) 10} and {i {) i) th en i := i - 1; 
fer j := 1 to i do begin 

i := Vai {inchar-CJJJ; 

temp := base i temp+ i 
else In_int := false; 

end (Hort ); 

if temp < MAXINT then num := temp 
else In int != fal;e; 
endi 



J 

214 264 

215 267 

217 269 

16/06186 

(! This fun ct i~~ ~ ea~~ in a number as ~escribed for r~_int, ~u1 also checks th;t 
it is within; speci fied range, t ) 

~et _int :n rang? ! = !n _1n Jura); 
!t (nu~ { 1aw) or tnui } ; h) :he~ Set :n: :~ ~;ngi := !;1;2; 

$EJECT 

PAGE 



~"!" ::; "!" ! T~ic ~,;ccr n.!,': 
..: :-<i :-.:. :H •. :h . -.; ! ~ .;;~ 

.•.: ."'I. .- . :': ~ 

£17 itH 

220 254 1 
221 235 
.-,-r .-·: .-.~: 
f..i..i.. L~b 

223 287 

225 289 

... 
~J 

SOURCE TEXT: :FJ:AD~TCN.SRC 

(f This fun ction r~ads in a character as described for In :n:! tut also chec ks 
that it is with in a speci fi ed range, , ; 

var intege r·; 

tium := or·d(nmr¥_cbar·}; 
~et_(~a i~ ra1ge := t~~2: 

tcr~rr 
,;,:.,~i..V i 
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SERIES-:I: ?;scal -86, 93.0 

ST~T ~:NE ~ESTING 

ZJ6 JiO : i . ., 

237 325 : 0 

233 327 

239 331 

240 333 

240 335 
24i 336 

243 338 

245 340 

246 342 

0 

3 

3 

2 

247 344 ; 2 

·'"1J !i ~ ,.., 
Li7 Jif i 2 

251 350 

procedure Clr _screen; 

'* This ?racedure clears the ~erm na screen ty ~eans of control codes. Faur 
terminal types ire cat2red or, nc (ding th~ ca~e jf an ~nknown terminal, 
in which case no action is ~ken . * 

const esc - ·'"r":r 
- L i, 

var· 

case Term_type of 

sEJECT 

end; 

write(chr(esc }i i 
1

) ; fPer ini ) 
fo r i := i to 20 o Jr te(c r lOJ) ; 

otherwise writelni 
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275 403 
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278 406 
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282 410 

284 412 
285 413 
286 414 1 j 
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289 ;17 
290 413 
291 41 '1 
292 420 
.-,n: _.;1~1 
i.. 7.J -t i.l 

fo ••• J . :J 

{* -hi s is the loca l 1Gd e Jenu dispia) proce1ure! ~no :s 1s~d :~ a~ a paraffiete r 
f:;t th~ ~enu funci: ,Jn, :f} 

~rit e1n ; 
¥rit e in (: 
:~lf·itein; 
=,r·ite in; 

\fr· it e 1 n; 
~r·it~1rdi 
Nrit ein; 
'Jr· it e 1 n ( 1 

:-¥r· it e J r1 ; 
~r· it el rd: 

wr· it e in ; 
::11r·it~ln{: 
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296 434 

296 436 
2=17 437 
296 438 

300 440 
301 44 i 
3t)2 442 
303 443 
304 444 
305 445 
306 146 
307 447 
308 448 i 
309 449 
310 450 
31 i 451 
'"! J .,. ! t ··1 
J1i. 1'1~ 

3!3 453 
314 454 
31S 455 
3i6 456 
317 457 
313 458 
"H :i !Cri 
.j i 1 11'.!7 

320 460 

32! 462 

i i 

~r·ite in; 
\H·itein; 

:Ji· it e 1 n; 
iJr· it el n; 
=4r·itein t1 
iJr·itein; 
~r-i t e!n(i 
wr·ite in; 

\vr·itein; 
wi·ite ird; 

wr-i t e ! n; 
1'riteln r 
~r1te ln; 
iJi· it~ in ( 1 

writ~ in; 
writ~1ni 
1ax_se l := 9; 

!EJECT 

~ \ :!,.. 
i iir: 

SYSTEM FUNCTIONS ~ENU' I ; 

1. Set data 1ink baud i·ate.1 1; 

2. Set ter·minai baud rate ,:) ; 

7. Enable frame diagnostics. 1
) ; 

. - . ~·. 
t ~:::: . 



STNT ~INE NESTI NG 

322 468 0 0 

323 473 

323 4 75. 
324 476 
325 477 
326 478 
327 479 
328 480 
329 481 
330 482 
33i 483 
332 484 
333 485 
334 486 
335 4,57 
336 488 

(t Thi s is the ter~inal type i en u di s?lay ?racedu~e, 3~~ is used in as a par;me ter 
for the ~enu ftlnction, tJ 

Terminals avai lab !e are 

1~:r· it e in; 
'Jr·it eln; 
!Jf·ite1n( 
:.if· it el n f 
write in; 
~rit eln (1 

:Jr· it e i ;1 ; 

1. Per kin Eim er. 1
} ; 

1Jr·itelri\ 1 2. VTiOO/ANSI/ J; 
~ri t~!n; 
wr·iteln(' 
lllf· it e in ; 
1rr·it eln(! 
!*r·1t ein; 

1 UT~ ·~1 1 \ , 
-.J 1 ii . .J.i. , ; t 

4. Other/); 

1 ! \ J . ; ' 
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407 63(1 

406 632 
408 633 
409 634 
410 635 

410 b37 

413 639 
414 640 
416 641 
417 642 

418 644 

:) 

2 
.•. .. 
2 

var· 

·!EJECT 

Crad _retry := fa1se ; 

if Cid_retry then ijr1t e1n(' 0nit numb er out of range ,!) ; 
writ e(' Input !Jn it number {0 •• 1

, N_drives , !) ! ;); 

Cmd _re ry := tru e; 
un i l Get _ nt _in_range (LUN, 0, N_drives ); 
Un t := Un t_table[LUNJ; 
Se ect (Un i , Tape_d~ta.[Un1 tJ); 

~6 /::)6!86 



420 654 

421 656 

421 658 
422 659 
423 660 
424 66i 
426 662 
427 663 

423 665 

I i Thi; ~rocedure exec ut es a si ng I~ b!ock hac ksp~c2 !unl 2ss ~h e unit is at SOT)~ 
th en a read op eration. *! 

var 1 

i ! = -1; 
~Jt~ !_;tatus~~ao~ ;:at~;): 
if not iBGT i a~2_sta1 1;~ t en Space ( ) ; 
ij~id _~!~ (~::u ~~~ -~·Jf .Re ; j J i a1 Data ; z~ i ; 
Cnt rl_s tatu s( ape_sta tu s); 



429 670 l} 0 

430 b78 
43-1 679 

432 681 

.~1·~1 f ~~ 
'!:.i ~ b:Jj 

:) 

0 

432 685 ! ~ 
433 606 
434 687 
435 688 

439 691 
440 692 

442 694 

;. 

2 
2 
2 
'! 
;. 

443 695 1 2 

445 .J'f t 2 

447 699 

449 ?02 2 

i~ 1 ?04 

1 :J. .-. i .--\ :.. 

':: :;-;- _:": :'l;i!!:i :~: l =~ :,i j '; :. 1 
: ~r: _:~u~ l ~U~L:~ _i·iMi~ 

(* This prcceture executes a ver1fi ed r1 a eratiJn~ T~e tape is ~ 1tten then 
checked and, if nece;sary, reir1ec ~ t 2 Jo ck s correct~y writ en or 
the maxiiu~ number af retrys :s reac e , t e ia~ ~=Jffi ~~1ber o; re ~ys ;re 

J;ta_;iz~ := !~Put _~uf .C~unt _in; 
Retrv _cnt := Retry _cnt - t; 
if Last _op _EQF then Write _wit _iong _gap {In put _tuf.Wr1te _data, Data_siz~ ) 

8s_ r· ead; 

End wr· v~r· 
i ! = -ii 
Space {i); 

;: -i; 



456 721 
457 721 1 J 

458 723 

459 725 

460 727 
46i 728 .•. -
462 730 i 2 

464 732 

' - _, , • ••• ; -i ·-

(1 Th1; ;rocedure ~xec ute~ 6 ~ead 0~2ration with ~2 ryf ~ea~; ;~~ att~mpt2G unti l 
the b1oc t is correct ly ~ead G~ th e )a~im~m ~ui ~~r J retrys is ex(2E~e~. 11 

s _read; 
etry_cnt := Retry _cnt - !; 

end; 

?EJECT 



STMT LINE NESTING 

~65 737 

466 742 

466 744 
468 74~-

470 ~ ·~ 

(t This procedur! check far EDF and EOT, and sets the ~eturn status as 
appr·upr·iate, t } 

1t EDT n ;o: : ~ ·~; en u P!J _bu i e _i: u e := IE _E GT 
if EDF n ;~e ; ; ~; en u PU bu . e co e := IE EDF 

$EJECT 

~. ~:"" ."": .~ ,_: .,.~ .-Cl ; _-:-, -=. 
;Mtt _~J~ ;~UL~: ~_,·1 ~ 



-,-,., . - l"'t ..... ... ~ .... : .. ~ ... 
J~~~:~, - -~~ : ·:: .:. : - ·Jui VJ/ .. 

i~ "P.:T i ! \: :' •.:1~77~::
: : \'j , ~l .~C ,1CJ i i,~D 

4 7 i ?:: 

'r ! ·) :~:· 
i! .... f .JIJ 

474 761 

:;I ~ : ":' I-, 

if(j [ :j.j 

,.j 

V 

:-:::!: :'::"'::- :i- ... : - : 
; uvfi.i.: ~ i c. :: : ' 

end ; 

!EJECT 

i6!06/f6 
TAPE _CDNTROLLE~ _1Al~ 



ST~T LINE NESTI\G 

>ft l 7 69 u 0 

479 778 

479 730 

482 784 

484 7S6 

485 788 

487 790 

1 £. 

1 f.. 

procedure EGV_test; 

i6i06!86 
~Aor rn~ror!, row! 
! ;,; ~- :..,.:~ :;: :=..; ;.. .. ~ :; _ ;iii 

(* This prccedure chec ks tor th e iogi al end of volu;e candit ona This i; don2 

var 1 

end; 

~EJECT 

T;~e _; :at~; := Ta;~ _;t~ u; , :Ee~:; 
:1t;~t ~uf.~e! ::32 := E_EDV; 

Last OP EGF != true; 



489 803 
490 804 

49: .30:5 
492 BO'i 

493 811 

0 

493 812 1 2 
494 813 ~ -
495. 814 
~96 815 
497 816 
496 817 
499 318 
500 819 
502 820 

503 822 

504 82~ 
505 :525 
506 326 

507 823 
508 32? 

510 332 

512 834 

513 836 
514 837 

2 
2 

.. 
2 

., 

.J 

4 

4 

J 

' 'i' 

515 638 ' ! 

Sib ~40 4 
~~ ~ fr :H ..: .u .• 1 1...i"!" i 

5!9 843 

520 84S 
: --d ."I ' : 
_:,:::1 ~itb 

522 647 

:-.:-.r : :' .t"!~ :~·:,1"!": .:-:_:tJ~:..-c . : ..:. ; r 

\ i This ;roce~ure ~?ases i tap on one f the trans?~rts r ~ !he 3DT tat :o 
the EDT tab. The use r is ;rom~ ed fc ~ e G~it nu;b er, an ~ ~ ~ ~rc~~t;a t3 
iGstall the t;pe on the unit. he ~n t ;·c~~ck~d f~r ~~t2r Jc~s, a~J t~ e 1s2r 
fr omPted if neces~ar y. The JGi is ~ en ~ewa unc, er;~;~ ;~( t~2~ ~2vo~~~ 

~9-3 in. -t} 

var eras2_~nd : boo ean 
unit _ready : boo e3n 

Set jnit_~iiJffil 
eras~_end := false; 

cir- _scr·ee n; 
:~r-i t e 1 n; 
=~r·itelr:; 
=; r·it e1n(i 
~r·itfin; 
!Jf· it e i rd' 
~i·i tel n; 
ii 1ot ~o in t~en ?ra;e ~qd := t~~e; 
readln; 

if not ~rase _end then begin 

Cntr l status (Tape _st~t us~; 
un1t _ready := true; 
if S_err in Tape_status then begin 

wr·iteln {' 
~r· it e ! n; 

if HWL in Tape _status then begin 

ert:j (±i it}; 
R;: 1Nind tac:e; 

The se lected un it is net Jrite enab led . ' ); 

/: I 

i ! 
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703 i!43 
704 1144 

705 1146 
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709 1152 
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712 if55 
7!3 1156 

715 1158 
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:J 

iuca }_jps _m:-g 
.:}Cai _:JPS _l~i~ 

i i : Gf f _! ine~ 

: - : 

Di piay_ex t := false; - . . 
, - - , - - , ,_ 1 - : \ I 

l ti d l _lUUi l 1 - Vf 

Lir: e_.:Junt := ~); 
·· - ~ 

1 e 1 ~a: d~s~ ~ a ~ 

• - • - "I : • .l : - t· : 
- :. ; - • .: '.l: • t - -·. 

' . 
' 

J:;J _Je~ :C;t?Jt ~~i=~;; ( ~; -;:~ ~: ;' 
Oisplay_buf[Char _:~ ~Jt ~ := 

~scii _c~ar (O~tput_~ili1Re;d _1a~;[T~!~I count] ); 
Total _count := Tot i l_count + 1; 
Char count := Char count + i: 
end 

e 1 ·;e begin 

Disp iay_buf[Char_countJ 
Char _count := ~har_count 
Display _ex1t := tr ue; 

end(t~hi 1et ); 

· - ! : . -
' j I :" 1, 

far i := 0 to 15 do write (Oisplay_buf[iJ ); 

Line _count := Line_count + i; 
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end; 
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~r1tet 1 ~it ret~rn to cJntinue· ); 

until DispJay_ex1t; 

(1 Change th e buffer size, f } 

Cmd ~et~, := fa1se; 

Cmd _~et~; := t~~ei 
Jritiln{' Cu rrent buffer si:e : ' ~ J~ta ;i!~}: 
~r·ite{! Enter· neiJ b1Jf~2r· size :: } : 

16 : Laca] _Jps _e ~it := true; 
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!ti06!36 
SY2TE~_=GN CTI0NS 

SOURCE TEXT: :FJ:~OMT:N1SRC 
7: c~~;~ 1iag := :;~e; 

312 !2i2 2 8 : Frame_diag := false; 

813 t3i4 

814 !3!6 end(1case1); 

816 1318 

$EJECT 
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STMT LINE NESTING 
825 1376 
326 1377 
327 1373 
828 1379 
829 i380 
330 L38i 
831 1332 

,4, .., ,•: ! ""l";C 
·.-:.;.:.. • .JOJ 

833 1386 

836 1389 

839 '1393 
640 1394 

341 1396 
842 1397 

844 1399 
845 1400 

846 1402 
847 1403 

849 1405 

851 1407 

.-. 
i. 

2 

.-. 
~ 

.-. 
~ 

853 1409 ~ 2 
555 1410 
856 1411 

853 1414 

859 1416 

660 i41B 

561 422 
362 422 
863 424 
864 425 
865 426 

867 4t1 
868 430 

2 

2 

~ 

.j 

:::rl != Ji -~·; : 41:: :~ : _:= :1 f , :;=c~,je ! : 
~~~ := Gr~·~ ~?~t-~ui, ~~:~ _~3, ; : 
u~~t := Jn it _t~b ~e(LJN:; 
J~:~~t -~~ ; ,T~p~-~~;t ~;_c~~ := :nFU t 
Output _~uf;Ret _c ode := IS _SUC; . . 
~~-3.i;_ji~~ ! = ._;; 

Outp ut_buf,C~unt _au t := O; 

if cmd )127 then begi n 
~;d :: Cld - 123; 

if cmd} 63 then begin 

ANSI := tr-ue; 

e]se ANSI != false; 

Se ect(Unit, Tape_data[UnitJ ); 
Cn r·1 ;tat:1s (7;pe jiatJ; J; 

~i,~~pe_; t; t~ ;_:J: 
t Assti~e ai ~ JK, t J 

- t en Last _op _EGF := ~r ue 
else Last OP EQF := fal se : (t his is neede~ fo r he ~od of vo1u ~e chec ~. +! 

if B1oc k_dias tnen begin 
writ e1n(1 Cld code = 1 , cmd ); 
write ln{' Unit number = i, LUN ); 
Gisp !ay_status (Input _buf.Tape_status_in ); 
i f ANSI then write 1n(' ANSI labeled tape ') ; 
writeln ('lnput count = ', Input_buf.Count _in i; 

Data_:i:·e := :~i~1 1J t [: !~ f 1CJi;~/ ~~i: 
Read _1~r; 
S€t _cade; 
)er- _,:~i ec k; 

OutP u -~uf.Coun t_a ut := Ja a_siz;; 
~: Ju ~c: JGf,Ret :Jae=: -~~7 ~~ ~ ~ ~~t;~! ~~i: ~~~ ~~ ~e := =~-~~:: 
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943 1s:2 

944 iSS4 

946 is:-6 

946 1562 

948 1564 
949 i565 

95! 1570 
952 1571 

954 i575 

:!C .' J ::,-~ 
i ~;j i~ ; i 
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4 
'i 

4 

4 

' i 

957 1583 ' 4 

958 15:55 

959 1587 1 4 

'161 1589 

-M~·;=2~:,1: 

.3GUi::E ~E;i~ ;FJ:AD~TCN1SRC 
a~d ~et~r ne~ :n th~ (OU~t fi2 iJ: i ) 

~~=~: _:~i ,~r:t;_: ock[2: := Input _t~f.Wr ;_~~G~ k:4:: 
=~~~t -~~i,~~ i :~ j ~c ~C3: := !J?Ut _:ut,~r e_~loc~CSJ; 

~~tput _~ui.7ape _; tat~E _3tl~ := Cut?ut _ouf,Tap;_s:atJs_at t 
iChanga _D1~s ~ l3?~t _iuf,Tape_st3tus_intStatus _bits; 

Output _buf.Reaa_biac kC2: := 2ti!; ~! -~~i.~~;G_~1o~ k[0J: 
GutP~t -~uf.~ead_blcc kC3J := Output _buf,~eact _~loc kC1J; 

(% Set characteristics and ~ount tape. This is th; ;~;e 

is not at 3G7 and read,. f i 

Input _~uf.Write_block[2J := lnpijt _buf.~rit? _tlock[4J : 
l~Put buf.~r1t~ ~lock[3} := In?bt _tuf .~r1te ~1~, ~ ~~:; 

Qutput _buf . ;ape_status_out := Output _buf .Tape _stat us_Jut 
tC~~nge _tif; ~ !~put_buf.T;p~_;tatus :~+StatJs ~i t ;: 

Output _~uf.Read_block(2J := Output _buf.R~ad _b1ock[O:; 
Qij:?ut b~i:Rea~ _~icc~[:~ := :1t;~~ -t~;.F;;~ ~:c(~[~:: 

end; 

(1 Sense characteristics . They are ?as;ed in ~he count 
.• . ~ - \ 

ti!: i lj. t: 

Jatp~t _b~i,~~~j_~;oc~:2] := ~t?~t-~u i ,~ead_~l~c kCG:; 
a~tP~t t~i,Read_j~ock[J: := ut:ijt ~~i,Re;~ ~1~c ~~!J; 
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:oo; ~bo:. (1 
l '.))t : jQ~ :) 

:G09 i 1j67 0 
1C!:} 1668 0 
10:: i669 ~} 

1015 !676 :, : 

!01'11580 0 2 
1019 1681 0 3 
1020 1682 0 ~ 

1021 1633 0 J 

1023 168S O -

1024 :687 

1026 : 6'1: 
1026 1692 
1027 1693 :; ~ 

f 023 169~ i) : 

1031 1697 0 •.J 

1033 1699 ~) 2 

1(:35 170! 0 

PROCEDURE 
DIS?LAY_STAT~S 

VAL 
1' l, l ~~ I ~ 

lrt _ .:. ,i i 

~E~_l~T :~ RA~~E 
~~~_:fAR_!X_~~~~E 
~~; _'lALJE 
CL:~_SCREEN 

"Nr·: t:? 1 ~: ~-' 
wr· i te i rd; 
r·ead1 n; 

SERIAL TAPE CONTROLLER1
} ; 

)!SABLE INTERRUPTS; 

1 : be9 in 
ANSI := fa1 st; 
T.;pe _copy; 

2 : ~egin 
ANSI := tr·u e; 
'.a~1

~ i:cvy; 

4 : Sys te~_functiJns; 

E~A8LE!NTERRUF~S; 
:::1 t_~. i ~.: i:. _~J; 
i·ead 1n; 
DISABLEINTERRUPTS; 

J?F3E~ CODE SIZE DATA SIZE 5TACX s::~ 
OBF4H 0223H 
OE17H 002EH 
GE4SH 003BH 
OEE OH 029EH 

i l S.OH 0040H 
190H :) OCAH 
•'":!: if! ,• •. •. ~"\ I i 

~1nn t}t.: : OH 

342H OODEH 
42CH Oi32H 

547) 

59D 
:~?OD 
50D 

202) 
.·,t·:rt 
i,;.JL~: 
-~:".:·'jf: 
i,;...:~i/ 

OOG 6H 
GOOAH 

tOOCH 
0(;12'.1 
:)t1 OH 
0G i4H 

70D 

t6D 

22D 



SYSTE~_~E;~u 
TE RM_T;ENU 
3AUD _;1E:~U 

~£:i __ :;IE!: _:~:~!~ 
l". ~ ."\:'I. 1 1:"" ·.: 

~,iJ;"'' _11 ::J 

ASCI:_ CMAR 
SET _U~JIT _NUX 
BS_READ 
~RITE _1/ER 
READ_VER 
.~:-~ '"' l""l l"', r 

j ~ i _\., LlJt 

VER_CHECK 

LGCAL_OPS 
51STEM ;UN CTI ONS -
E:L OCK_REC 

-CONST IN CUD E-

S52H f)i 98H 

954H 0209H 

B9 DH 0041H 
~SOEH 0028H 
iC06H OOAEH 
1CE: 4H 0052H 
1 ~H)6H OGACH 
1DB2H 0049H 
1DFBH 002AH 
iE25H 002BH 
! ESOH i)04 7H 
! E97H !)14BH 
1FDFH 0379H 
2358H 05EOH 
2938H 0260H 
2898H 04C5H 
305DH :":··1··1i 1 f 

t.!Li::C.n 

'fi: l"'·, 
ii ii.i 

227D 

52i[i 
640 

40D 
174D 
82 (: 

~ '7 ·~1:'j 
l ; i..i.1 

43D 
7iD 

3260 
889D 

1221D 
553D 

0BF4H 30600 
28FEH i04'14D 

(H)12H 
001 0H 
GOOAH 
OOOAH 
0006H 
001CH 
0012H 
!)012H 

0006H 

OOOEH 
0010H 
001EH 
00 7AH 
0034H 
00 34H 
002CH 

100 

280 

6D 
6D 

140 
:6D 
300 

1220 

Tuta1 328BH 12939D 2SFEH t0494D 0302H 7?00 

1a41 Lines Read, 
0 Error s Detec ted. 

120KB ~emory Avai: ; ;e. 
20KB Me~o r Used ( 6%1. 

OKS Ji sk pace Used. 
9KB iJ !Jt u 16KB Stat1 c Spac~ Use d {:67. } . 



APPENDIX G 

SOFTWARE BUILD INFORMATION 

1. The PDP-11 device driver. The following series of command are 

used to build the device driver. Note that the user's terminal 

must be privileged. 

UIC 100,4 

DLl: 

MAC 

MATBL,MATBLI-SP=LB:[1,l]EXEMCIML,LB:[11,lO]RSXMC,SY:[100,34]MATBL 

MAC 

MADRV,MADRVI-SP=LB:[1,l]EXEMCIML,LB:[ll,lO]RSXMC,SY:[100,34]MADRV 

UIC 1,54 

TKB 

DLO:MADRVI-HDI-MM,,DLO:MADRV= 

SY:[l00,34]MADRV,SY:[100,34]MATBL 

LB:RSXllM.STBISS 

LB:[l,l]EXELIBILB 

I 
STACK=O 

PAR=GEN:120000:4000 

I I 
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2. Tape con troll er software. A currently configured, the tape 

controller makes use of a downloaded program, but the software is 

de signed to be programmed in to EPROM. The sequence of commands 

used both to build the downloaded program as well as the Romable 

version are given below: 

2.1. The following 

version. Note that 

down loaded to the 

order to fit both 

command are entered to build the downloadable 

this sequence builds a HEX file which must be 

tape controller module. Note also that in 

the program and the data into RAM, the main 

buffers have been reduces in size to 5000 bytes. As the PDP-11 

never generates blocks of greater than 2048 characters this has 

no adverse effect. 

run pasc86 :f3:admtcn.src 

run pasc86 :f3:admbcm.src 

run asm86 : f 3: admp io. a sm 

run asm86 :f3:admtio.asm 

run asm86 :f3:admcom.asm 

run asm86 :f3:admil8.asm 

run link86 :f3:admtcn.obj, :f3:admbcm.obj, p86rn0.lib, . & 

:f3:admtio.obj, :f3:admcom.obj, p86rnl.lib, :F3:admpio.obj, & 

rtnull.lib, 87null.lib ma pl sb ty 

run loc86 :f3:admtcn.lnk ma pl sb 

run :F2:oh86 :f3:admtcn 

2. 2. The following sequence of commands is used to build the 

version for programming in to EPROM. The start address of the 

EPROM is dependant on the EPROMs used, and it's SEGMENT address 

is represented here as XXXXH. The EPROM block is always 

contiguous, and ends at FFFFFH. • 

run pasc86 :f3:admtcn.src 

run pasc86 :f3:admbcm.src 

run asm86 :f3:admpio.asm 



run asm86 :f3:admtio.asm 

run asm86 :f3:admcom.asm 

run asm86 :f3:admil8.asm 
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run link86 AS(Main(XXXX6H) :f3:admil8.obj, :f3:admtcn.obj, 

:f3:admbcm.obj, p86rn0.lib, :f3:admtio.obj, :f3:admcom.obj, 

p86rnl.lib, :F3:admpio.obj, rtnull.lib, 87null.lib ma pl sb ty 

run loc86 AD(CS(CODE(XXXXOH)) IC(XXXXOH) :f3:admtcn.lnk ma pl sb 

run :F2:oh86 :f3:admtcn 



APPENDIX H 

PASCAL-86 V3 FAULTS 

During this project two serious fault were discovered in the 

Pascal-86 compiler : 

1. Under the Large memory model invalid object records are 

produced. The compiler produces code on the assumption that 

all segments will start on a paragraph boundary, but 

produces object files specifying byte aligned segments. This 

has no effect when a · program is run on the host, as memory 

can only be allocated on a paragraph boundary. However, when 

used on a target system, after linkage and location, the 

program will fail. 

2. The run-time system executes an undocumented call to the 

memory allocation routine (TQALLOCATE) while initializing. 

If a 48 byte segment is not allocated the program will 

crash. 

1 7 DEC 1986 




