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Overview of Major Components

The components of the IBM 1401 to PC Interface Adapter are:

· The Adapter (the USB peripheral controller module, supporting logic, and firmware). The lowest level of the design. 

· The Windows driver that enables the above and below items to communicate.

· The Adapter Application Programs. The highest level of the design.

The design strategy for this subsystem is to focus on simplicity and to push required complexity to a high of a level as possible. Since this is a one of a kind design, unit materials cost is secondary to design complexity cost. 

The Adapter

The Adapter consists of:

· a USB peripheral chip

· a microcontroller (maybe included in the USB module) and its firmware

· a data buffer large enough to hold an entire tape record (max record size TBD)

· microcontroller parallel ports that map to the tape channel signals to be controlled and monitored

· voltage level translation circuits

· support circuitry for to make the above work

This is the lowest level of design. All interface functionality that requires "microsecond" response times needs to be handled at this level. This means that "Tape Read" and "Tape Write" block data transfers must occur within this level. Due to relative difficulties in observing and controlling the behavior of the Adapter, the simplicity of this level is the highest priority. 

The Adapter shall have two major functions, that of a TAU bring-up tool and a multiple tape drive emulator. The bring-up tool function is described under the heading "Tape Channel Analyzer". When performing this function, Adapter monitors the tape channel, recognizes specific activity on the tape channel for which it has been configured to respond, and respond to the activity as instructed. The response could be stimulation of the tape channel and/or recording data to be uploaded to the PC for display. For its emulation function, the Adapter shall emulate the relevant functionality of a bank of IBM 729 Model V tape drives. Data written to the emulated tape drives is uploaded to the PC. Data read from emulated tape drives is downloaded from the PC. 

Windows Driver

The Driver handles the interface between the Adapter and the Adapter Application Program. Ideally, the Adapter will register with Windows as a standard USB serial or parallel port device and therefore no special driver will be needed. However, a better understanding of the design may require the use of a special driver. This document assumes that a standard Windows driver will be used.

Adapter Application Programs

It is envisioned that the Application Programs consist of:

· an Adapter communications daemon

· a Tape Channel Analyzer GUI

· a Virtual Tape Drive Console GUI (up to 6 copies may run in parallel) [future extension]

The Adapter Daemon acts a the communications multiplexer combining streams destined for the Adapter into a single stream; and as a demultiplexer routing segments of the stream coming from the adapter to the targeted GUI.

The Tape Channel Analyzer GUI should provide two types of functionality; a Logic Analyzer like set of controls and display; and a Tape Channel CE Panel set of indicators and switches used to configure the responses of the Adapter.

The Virtual Tape Drive Console GUI should represent the operator control panel of the IBM 729V drive as closely as reasonable. 

Note that this architecture permits the GUI interfaces to run on a different computer than the Adapter Daemon.


Communication between levels

It should be assumed that the PC with which the Adapter is communicating has not been specially prepared and therefore can not be used for "hard real time" control. Even if the user only has Virtual Tape Drive Console Application windows open, background services will still interfere with the PC's ability to service Adapter interrupts. Interrupt latency in a normal Windows PC can vary from 100 microseconds to 10 milliseconds.

In general, communication from a higher level to its adjacent lower level is initiated by issuing a "Command"; and communication from a lower level initiates to its adjacent higher level is initiated by signaling an "Event". When a Command is issued, the lower level executes the command and returns a response. The signaling of an "Event" is a one way communication, no response is returned. 

The Adapter

The functional elements of the Adapter are:

· the IBM 1401 tape channel interface

· the data buffer 

· the microcontroller

· the USB buffer

· the USB peripheral interface engine

· the USB interface

The Adapter monitors activity on the USB interface and on the channel interface. Activity on either side may invoke action by the Adapter. 

IBM 1401 Tape Channel Interface

The 1401's Tape Adapter Unit (TAU) controls the tape channel. The 1401 CPU makes "calls" to the TAU based in the instruction being executed and the TAU translates the "call" into "tape channel operations".  The overall system was designed to make the tape drive units as simple (low logic card count) as possible. As a result, much of the complex logic that is found in modern tape drives, is performed by the TAU. This was economical because the logic in the TAU benefits all of the tape drives. This architecture also makes our job of emulating a tape drive easier.

1401 Tape Channel Operations

Defined Tape Channel Operations are:

· Read Tape

· Write Tape

· Backspace Tape Record

· Skip and Space Tape

· Rewind Tape

· Rewind Tape and Unload

· Sense Status (No-Op)

All of the 1401 instructions that effect the Tape I/O Channel map into one of the above channel operations. Tape oriented conditional branch instruction do not effect the Tape I/O Channel, but rather they sense status that has been set in the 1401 Tape Adapter Unit (TAU) as a result of previous channel operations. Interlocks within the TAU enforce that only one channel operation may be in progress at a time. 

Magnetic tape is a sequential file medium. When writing a record to a tape it is/was considered "poor programming practice" to assume that there is valid data beyond the point on the tape where this record is written. Due to stretching and contraction of the tape medium, tape speed tolerance and variations in tape start and stop timing, attempting to update a record on a tape could corrupt records that follow it. Given the above, we will make the simplifying assertion that writing a record to a file erases all data beyond that record. Note that even with this assumption, it is allowed to mix read, write, and backspace operations to the same tape. The requirement is that the tape is never read beyond the location of the last write. If an attempt is made to read beyond the last write the Adapter will respond by indicating End-Of-Reel.

Tape channel operation phases

A tape channel operation session will pass through one or more of the below phases.

· Selection Phase

· Start Phase

· Execution Phase

· Stop Phase

Note that the below describes the operation of the full implementation of Adapter functionality. Initially a subset of this functionality will be implemented to support Tape Channel Analyzer needs for TAU bring-up. The full implementation is described to assure that the Adapter's architecture can support anticipated future expansion.

Each operation begins with the tape reels stopped; and ends with either the tape reels stopped or the tape drive leaving the "Ready" mode. (Tape drives can be either in "Ready" mode or "Manual Control" mode.) Tape channel operations can have four phases. The "selection phase" begins a channel operation session with a Virtual Tape Drive. The "start phase" provides several milliseconds for tape movement to start and achieve a stable speed. The "execution phase" performs the specified operation. And, the "stop phase" provides a few milliseconds for tape movement to stop. 

A tape channel operation session begins with the TAU activating one of its six Select lines. The Adapter will monitor the levels of the Select lines for which it has been configured to respond. If the Adapter is configured to respond to a specific Select line, it is said to have a "Virtual Tape Drive" defined for that line. If a Virtual Tape Drive is selected, the Adapter will emit status for that Virtual Tape Drive on its output signal lines. The values being emitted will be updated as changes in the Virtual Tape Drive state occurs. The TAU ends a channel operation session by deactivating the Select line.

Once the channel operation session is established, if tape movement is needed, the TAU will initiate tape movement by activating the "Go" signal. The activation of the "Go" signal begins the "Start" phase of the channel operation. The "Delay Counter" in the TAU controls the length of the "Start" phase. The TAU determines the type of tape drive it is communicating with by examining the tape drive's status that it received during the Selection phase. The Adapter will provide status to the TAU that describes it as an IBM 729 Model V. This delay time permits tape to start moving and obtain a stable speed. The Adapter will use this delay time to exchange information with the PC.

At the end of the "Start" phase, if the tape operation is a Read Tape, Write Tape, or Backspace operation, the "Execution" phase begins. During this phase, data is transferred between the TAU and the Adapter. Because of the real time workload demand on the Adapter during "execution phases", it does not communicate with the PC during this phase. This restriction requires the Adapter to have sufficient memory to buffer any block data transfer that is likely to occur. The Adapter will provide buffering for at least 2K byte tape records. This seems to be a reasonable restriction, given the maximum memory capacity of the 1401 is 16K bytes. 

After the record data has been transferred, the TAU deactivates the Go signal to begin the "Stop" phase. The deactivation of the Go signal tells the tape drive to stop tape movement. The TAU again uses the "Delay Counter" to provide a time interval appropriate for the type of tape unit with which it is communicating. The Adapter uses this interval to exchange data with the PC. At the completion of this time interval, the TAU deactivates the Select signal, thus ending the tape operation session.

Read Tape Operation

The 1401 instructions that map to this operation are "Read Tape", "Read Tape with Word Marks", and "Diagnostic Read". The uniqueness of the specific instructions is known only by the TAU and is not communicated to the tape drive. 

This operation transfers data from the selected tape drive to the TAU.  The TAU will begin this tape operation session with the Adapter by activating a Select signal and proceed through all four phases. During the "Selection Phase", the TAU sets the Adapter to read mode and then moves to the "Start Phase" by activating the Go signal. 

A drive is at its "load point" if it is fully rewound so that the load point reflective spot is under the "load point photo detector". If the Virtual Tape Drive is not indicating that it is at its "load point", the TAU will start monitoring for the appearance of data on the Read Bus 6.6 milliseconds after Go is activated. If the drive is indicating that it is at its "load point", the TAU will start monitoring for data 24 milliseconds after Go. {I could not find any reference to the maximum amount of time the TAU will wait for the first character of a block to be delivered. Some CE manuals indicate that the transfer of the first character read should occur 10.5 milliseconds after Go. I expect that this is the typical timing that occurs when the tape is not at its "load point".} The Adapter transitions into the "Start Phase" when the TAU activates the Go signal. During this phase the Adapter must request and receive the record to be read from the PC. The Adapter will wait xxx milliseconds {for now lets use 10.5 milliseconds} for the PC to respond with the record data to be read. If the data was received, the Adapter moves to the "Execution Phase". Otherwise, the Adapter will report an "End-of-Reel" condition to the TAU, a data "Underflow" event to the PC, and enter the "Selection Phase". Warning: Most programs will not expect this "End-of-Reel" condition to occur and will crash if it does.

During the "Execution Phase", the Adapter will send read data to the TAU. Character transfers will occur at fixed intervals based upon the density under which the data on the tape was written. For simplicity purposes, all read operations will be performed at 800 characters per inch density. {If we have problems at this data rate, we could drop back to a lower density.} This results in a new character being emitted every 16.7 microseconds.

Data being transferred will be encoded in Non-Return-to-Zero-Invert-ones (NRZI) format as it is placed on the bus. The Adapter will also compute a Longitudinal Redundancy Check (LRC) character for the block. The LRC character is transmitted to the TAU after the last character in the buffer is sent. 

Every time the TAU receives a data character it resets its "Delay Counter". The TAU will recognize the end of the block transfer by 37 microseconds elapsing without a new character being received. Once it detects the end of the block transfer, the TAU will expect the LRC character to be sent. It will wait an additional 96 microseconds for the LRC to be received. The TAU will deactivate the Go signal 200 microseconds after the last data character is received. The operation thus moves into the "stop phase". No "stop phase" Adapter actions the are needed for this operation. 

The "Stop Phase" is initiated by the deactivation of the Go signal. The TAU will deactivate the Select signal 2.1 milliseconds after the deactivation of Go, thus ending the "Stop Phase" and the tape operation. During this phase the Adapter will notify the PC of successful data transfer by issuing a "Status Change" event.

Write Tape Operation

The 1401 instructions that map to this operation are "Write Tape", "Write Tape with Word Marks", "Write Tape Mark", and "Diagnostic Write". The uniqueness of the specific instructions is known only by the TAU and is not communicated to the tape drive. 

When the 1401 executes a "Skip and Blank Tape" instruction no tape channel operation takes place, but it impacts the next "Write Tape" operation by lengthening the period between the "Go" signal and the presentation of the first character to be written. Since we are not moving physical tape, it does not effect operation of the adapter.

This operation transfers data from the 1401 TAU to the selected tape drive. The TAU will begin this tape operation session with the Adapter by activating a Select signal and proceed through all four phases. During the "Selection Phase", the TAU sets the Adaptor to write mode. It then activates the Go signal and the Adapter moves to the "Start Phase".

Once "Go" is signaled and the Virtual Tape Drive is write enabled, the Adapter informs the PC that a Write Tape operation has begun using a "Write Prepare" event. If the Virtual Tape Drive is not indicating that it is at its "load point", the TAU will move to the "Execution Phase" 7.5 milliseconds after Go is activated. If the drive is indicating that it is at its "load point", the TAU will move to the "Execution Phase" 48 milliseconds after Go is activated.

When the Adapter is in the "execute phase" it waits for characters to arrive from the TAU.  As characters arrive from the TAU, the Adapter will convert them from NRZI to BCD and store them in a RAM buffer and update the running LRC character. The Adapter recognizes a character on the tape channel interface by detecting the activation of the Write Pulse signal. After the last data character is transferred the TAU activates the Write Check Character signal. This signal causes the tape drive to write the accumulated LRC character to the tape.

Each received character and the LRC character is echoed in NRZI format to the Read Data bus after a 4 millisecond delay (emulates the travel distance between the tape head's write and read gaps). 

The TAU signals the end of the "Execution Phase" by deactivating the "Go" signal, thus the operation session advances to the "stop phase".

Once in the "stop phase", the Adapter informs the PC that a data upload needed. Since the TAU may send the Adapter into another "Execution Phase" in 12.6 milliseconds, the PC must respond with an Upload command and complete the upload of the buffer in that amount of time. Failure to meet this timing may result in data from the next Tape Write operation being lost. If this occurs, the Adapter will report an "End-of-Reel" condition to the TAU and a data "Overflow" event to the PC. Warning: Most programs will not expect this condition to occur and will crash if it does.

Tape Channel I/O Signals

The interface is physically represented by the below input and output signals.

Table 1. Tape Channel Inputs

Input Name
Level
Description

Select [1:6]
+P
Selects the addressed tape drive. The rotating address switch on the drive's Operator's Panel selects the address to which the drive will respond. Although the switches on the 729 drives have positions 0 through 9, the 1401 TAU can only address 1 through 6. If a drive is not selected, it will ignore the below input signals.

Set Hi Density
+P
Sets drive to write in "high density" mode.

Set Lo Density
-N 
Sets drive to write in "low density" mode.

Turn On TI
-N
Sets the Tape Indicator flip-flop.

Turn Off TI
+P
Resets the Tape Indicator flip-flop

Set Read Status
+P
Sets the Read-Write flip-flop to Read.

Set Write Status
-N
If the tape is not write protected, sets the Read-Write flip-flop to Write.

Go
+P
Activating this signal starts the tape moving. Deactivating this signal begins the braking process to slow and stop movement.

Backward
-N
ANDed with "select and ready" to produce "reverse" which controls the direction of tape movement. The backward line is also ANDed with "non at load point" to prevent backspacing when the tape is at its load point.

Rewind
-N
Initiates a rewind operation.

Rewind & Unload
+P
Initiates a rewind operation followed immediately by an unload operation. 

Write Bus [0:6]
-N
Data to be written to the tape.

Write Pulse
-N
Strobe to indicate valid data is on the Write Bus.

Write Check Character
-N
Tells the drive to write the accumulated LRC character to the tape.

Process Meter
-N
Not connected. Supposed to run the use time meter on the tape drive.

Summary




+P
10 signals


-N
13 signals, not counting Process Meter.


Total
23 signals

Table 2. Tape Channel Outputs

Output Name
Level
Description

Select and Ready Mod 2
+P
Indicates that the selected tape drive is a 729II or 729V, mechanically ready, and electrically ready. (These drives move tape at 75 ips.)

Select and Ready Mod 4
+P
Indicates that the selected tape drive is a 729IV or 729VI, mechanically ready, and electrically ready. (These drives move tape at 112.5 ips.)

Mod 4 or 5
+P
Indicated that the selected tape drive is either a 729V or a 729VI. (These tape drives support all densities up to 800 bpi.) This signal when analyzed with the above two signals completely identifies the model drive being used.

Select and At Load Point
+P
Indicates that the selected drive's tape is positioned at its load point.

Select and Not At Load Point
+P
Indicates that the selected drive's tape is not positioned at its load point.

Select and Rewind
-N
Indicates that the selected drive is rewinding.

Select and TI Off
-N
Indicates that the selected drive's Tape Indicator state element is off.

Select and TI On
-N
Indicates that the selected drive's Tape Indicator state element is on.

Sel Ready and Read
+P
Indicates that the selected drive is ready and its Write_Mode state element is set to Read (off).

Sel Ready and Write
+P
Indicates that the selected drive is ready and its Write_Mode state element is set to Write (on).

Hi-Lo Density
+P
Indicates that the selected drive's Hi_Density state element is set to on.

Write Echo Pulse
-N
This seems to be the conditional wrap back of the Write Pulse input. If any of the Write Data bits are set to one, then the Write Pulse is sent back to the TAU using this signal. (All legal 1401 BCD characters will have at least two bits on.)

Read Data [0:6]
NRZI
Data transmitted from the selected drive to the TAU.

Summary




+P
8 signals


-N
4 signals


NRZI
7 signals


Total
19 signals

Adapter State

The Adapter state consists of the state elements needed to emulate a tape drive and the state elements needed for Tape Channel Analyzer configuration. Note that six sets of Tape Drive State elements are maintained one for each drive that may be being emulated.

Tape Drive State

State Element
Description

Emulation_Enabled
Set means the Adapter will respond to interface transactions for this drive address.

Mechanically_Ready, Set means that a tape is mounted on the drive and the access window is closed.

Electrically_Ready
Set means the drive is not in manual control mode.

Read_Protect
Set means the drive's tape has its write protect ring inserted.

Write_Mode
Set means the drive is in Write mode. Reset means the drive is in Read mode.

Hi_Density
Set means that the drive will write in its High Density Mode. Note that density is completely controlled by the TAU this seems to just be for a light on the Operator's Panel.

Tape Indicator
This bit can be read and written by 1401 assembler instructions. It is also set as a side effect of exceptions occurring during tape operations.

LRC[0:6]
This is a set of 7 elements corresponding to the accumulated LRC character for Write Data that was received for the current record

Tape Channel Analyzer State

The below states have been added to permit the Tape Channel Analyzer to alter the responses from emulated drives and monitor the tape channel activity from any drive, real or emulated.

State Element
Description

Control_Drive [1:6]
These bits correspond with the Select [1:6] inputs. A bit being set configures the Analyzer to affect responses from the corresponding drive. (Only one of the bits should be set.)

Force_Not_Ready
If this bit is set, the controlled drives will be forced to and held in the "Electrically Not Ready" state.

Inhibit_Echo_Pulse
Inhibits output of the "Write Echo Pulse".

Drive_Model
Tells the virtual drive to respond as a specific model tape drive. Valid values are 729V (default), 729II, 729IV, and 729VI. Note that this only effects the "Select_and_Ready_Mod 2", "Select_and_Ready_Mod_4", and "Mod_4_or_5" output signals.

Force_LRC_Error
Complements the LRC character that is echoed on the Read Data lines.

Force_VRC_Error
Complements the check bit of each Write Bus character as it is echoed on the Read Bus.

Force_Echo_Error
Complements the units and check bit of each Write Bus character as it is echoed on the Read Bus.







Monitor_Drive [1:6]
These bits correspond with the Select [1:6] inputs. A bit being set configures the Analyzer to monitor operations for the corresponding tape drive. Monitoring is a passive function and will not affect channel operation.

Stop_Delay [byte]
When a stop recording event occurs, recording will continue for the number of cycles indicated in this counter. The range of value is 0 to 255 cycles.

Armed
Set means that the Analyzer is recording all channel operations for the monitored drives.

Record_Triggers
What events should stop the recording? Usually a logic analyzer always records in a circular buffer, then a specific trigger event stops the recording.










I am thinking that the Analyzer's recording function is best implemented by a hardware circular buffer. The microcontroller could provide the write strobe and reset signals to this buffer. 

The buffer needs to record 42 signals per strobe. How deep?

What is the strobe timing? A programmable time unit that repeats only when a monitored drive is selected? Need glitch detection? How do we keep this simple? Maybe just provide a voltage converted header where a real logic analyzer could be connected? If we needed a real logic analyzer, could we get one?

Functionality

This section will contain a high level description of the Adapter firmware.

Adapter to PC Interface Commands and Events

Windows Driver to Adapter Command Interface 

Command = Full Reset 

Parameters = None

Meaning = All ongoing operations are aborted. The Adapter is set to its Power-On-Reset state. If the 1401 is in session with the Adapter, this could cause the 1401 to detect an error.

Response = adapter status

Command = Define Virtual Drive

Parameters = drive address, file protect status

Meaning = Tells Adapter to answer if 1401 tries to communicate with a drive at this address.

Response = virtual drive status

Command = Download Record

Parameters = drive address, record data

Meaning = Move the record data from the PC to the Adapter

Response = virtual drive status

Command = Upload Record

Parameters = drive address

Meaning = Move the record data from the Adapter to the PC

Response = record data, LRC character, and virtual drive status. LRC character should be zero, otherwise an error exists.

Command = Reset Drive

Parameters = drive address

Meaning = Abort ongoing operations on this drive, "undefine" the virtual drive.

Response = virtual drive status

Command = State Inquiry

Parameters = drive address

Meaning = Upload Adapter state. 

Response = virtual drive state followed by analyzer state.

Command = Set Virtual Drive State

Parameters = drive address

Meaning = Set the addressed Virtual Drive's state. 

Response = none

Command = Set Analyzer State

Parameters = none

Meaning = Set the Tape Channel Analyzer's state. 

Response = none

Command = Upload Analyzer Buffer

Parameters = none

Meaning = Move the Analyzer's recorded data from the Adapter to the PC

Response = recorded data, and Analyzer state.

Adapter to Windows Driver Event Interface 

Event = Read Request

Parameters = drive address, virtual drive status

Meaning = 1401 is trying to read the tape. Driver has 10 ms to respond with a "Download Record" command

Event = Read Underflow

Parameters = drive address, virtual drive status

Meaning = 1401 is trying to read the tape, but the Adapter prematurely ran out of data. An error was sent to the 1401. This event should not occur.

Event = Write Request

Parameters = drive address, virtual drive status

Meaning = 1401 is has written data to the tape. Driver has xx ms to respond with a "Upload Record" command.

Event = Write Overflow

Parameters = drive address, virtual drive status

Meaning = 1401 is trying to write the tape, but the driver did not upload data fast enough, so the write buffer overflowed. An error was sent to the 1401. This event should not occur.

Event = Status Change

Parameters = drive address, virtual drive status

Meaning = 1401 or a console button did something to cause the virtual drive status to change. For example it could have issued the "Unload" command to set the drive into "manual control mode".

Event = Analyzer Triggered

Parameters = drive address and virtual drive status of the drive that triggered the event. This event is not sent until recording is stopped.

Meaning = 1401 or a console button did something to cause the virtual drive status to change. For example it could have issued the "Unload" command to set the drive into "manual control mode".

Virtual Drive Status is defined as:

boolean selected; // see console indicator description

boolean ready;     // see console indicator description

char density;  // 'H' | 'M' | 'L'; see console indicator description

boolean tapeIndicator; // see console indicator description

Adapter Status is defined as:

int healthCondition; // 0 = OK, Other codes TBD.

boolean[1:6] drives; // 1 = drive is defined and Adapter will respond to 1401

The Adapter Daemon

Overview

The Adapter Daemon:

· is a Java program that communicates with the Adapter via the Windows driver.

· acts as the "data model" for Tape Channel Analyzer and Virtual Tape Drive Console GUIs.

· enables the user to define up to six Virtual Tape Drives

· enables the user to dispose of defined Virtual Tape Drives

· associates a control input stream, a status output stream, and a data input/output stream with each of the defined Virtual Tape Drives. These streams are used by Virtual Tape Drive GUIs.

· associates a control input stream and a data output stream with the Adapter's Tape Channel Analyzer function. These streams are used by the Tape Channel Analyzer GUI.

· permits, but not necessarily implements mechanisms by which the GUIs could be bypassed and allow external programs to drive the associated input and output streams (this "hook" is architected to permit the potential expansion of this application to be connected to the internet)

Functionality

Console Application to Adapter Daemon Command Interface

Command = Start ("Start" button pressed)

Parameters = "virtual tape drive select address" (1-6) and "associated file path".

Response = Success (returns Adapter's virtual drive status) or Error (unable to open file, Adapter does not respond)

Command = Reset ("Reset" button pressed or Frame closed)

Parameters = "virtual tape drive select address" (1-6)

Response = Success (returns Adapter's virtual drive status) or Error (Adapter does not respond)

Command = Inquiry (issued every few seconds to update status display)

Parameters = "virtual tape drive select address" (1-6)

Response = Success (returns Adapter's virtual drive status) or Error (Adapter does not respond)

Virtual Drive Status is defined as:

boolean selected; // see console indicator description

boolean ready;     // see console indicator description

char density;  // 'H' | 'M' | 'L'; see console indicator description

boolean tapeIndicator; // see console indicator description

int tapeRecordPosition; // number of records from start of tape (provided by driver)


// if reading tape, then this is the record number of the next record to be read


// if writing tape, then this is the record number of the next record to be written


// 0 origin.


// Note that the 1401 has a "Backspace" instruction that will cause the tape to 

//    backup one record.

Adapter Daemon to Console Application Event Interface

TBD.

Tape Channel Analyzer Application

Overview

This application should present a GUI with the look and feel of a CE Panel and a logic analyzer. Switches should control overrides on Adapter responses. Data from the record buffer should be formatted and displayed in a logical manner.

CE Panel Switches

Drive Address
A selector switch (probably implemented by a JComboBox) that selects a drive address to be controlled. The switch can select Off (default), 1, 2, 3, 4, 5, or 6.

Force Not Ready
A toggle switch (probably implemented by a JCheckBox or a JToggleButton). When selected, the Force_Not_Ready state element is set in the Adapter causing the Virtual Drive to be forced and held "Electrically_Not_Ready".

Inhibit Echo Pulse
A toggle switch. When selected, the Inhibit_Echo_Pulse state element is set in the Adapter causing the Virtual Drive's Write Echo Pulse to be inhibited.

Drive Model
A selector switch (probably implemented by a JComboBox) that drive model whose selection response will be emulated. The switch can select 729V (default), 729II, 729IV, or 729VI.

Force LRC Error
A toggle switch. When selected, the Force_LRC_Error state element is set in the Adapter causing the Virtual Drive's LRC character to be inverted when it is echoed on the Read Bus.

Force VRC Error
A toggle switch. When selected, the Force_VRC_Error state element is set in the Adapter causing the Virtual Drive to complement all write data check bits being echoed on the Read Bus.

Force Echo Error
A toggle switch. When selected, the Force_Echo_Error state element is set in the Adapter causing the Virtual Drive to complement the units bit and the check bit of write data being echoed on the Read Bus.

Virtual Tape Drive Console Application

Overview

Since the objective of the project is to emulate multiple 1401 compatible tape drives and priority is being given to restoration of the IBM 729 Model V tape drives, the GUI should represent a bank of 729 V drives as closely as reasonable. 

Functionality

1. The console should emulate the operations activity for multiple virtual tape drives. Perhaps one "Frame" (non-Java  readers should substitute the term "Window") for each tape drive being emulated. Each virtual tape drive must have a unique address. Legal addresses are 1 through 6. The address must be user specifiable. 

2. The "Frame" representing a tape drive should be able to associate the virtual tape drive with a file. When the 1401 performs tape read operations to the Adapter, the associated file will be read and the data transferred to the 1401. When the 1401 performs tape write operations to the Adapter, the associated file will be written. When the 1401 performs an "unload" operation to the Adapter, the file will be closed and access will be disabled until the virtual tape drive is made ready. (Similar mappings are needed for all tape operations.)

3. The "Frame" representing a tape drive should be able to provide the standard tape drive operator controls. The controls are:

Load Rewind Button - Emulates closing the drive's access window and rewinding the tape to the beginning. This should translate to verifying the validity of the "file association field" and making it uneditable. This button is inoperative unless the drive is in manual control mode.

Start Button - Pressing the start button places the drive in "ready" status if tape is loaded (file is associated) and the access door is closed (Load Rewind was pressed). This button is inoperative unless the drive is in manual control mode and the above condition is met. "Ready" status takes the drive out of manual control mode. If this button is operative, pressing the button should be should result in the associated file name being communicated to the Adapter's driver and the issuance of a "Start" command to the Adapter.

Change Density - Toggles tape drive between high and low density. (We should ignore this and always force a density.)

Unload - Emulates pulling the tape out of the vacuum columns and opening the drive's access window. This should translate to making the "file association field" editable. This button is inoperative unless the drive is in manual control mode.

Reset  - Aborts any ongoing operation and sets the tape drive in manual control mode. A "Reset" command should be sent to the Adapter.

File Protect - emulates the write protect ring being inserted/removed from the tape real. It should default to the associated file's "read only" attribute. Pressing the button should toggle the attribute. This button is inoperative unless the drive is in manual control mode.

4. The "Frame" representing a tape drive should be able to provide the standard tape drive operator indicators. Indicator state is provided from the Adapter via its virtual tape drive status unless otherwise specified. 

Select - "On" indicates that the 1401 has selected the virtual drive and is in session with the Adapter.

Ready - "On" indicates that the Adapter is indicating "Ready" for this virtual drive. Off indicates manual control mode.

Density - "High"|"Med"|"Low" indicates the Adapter's recording mode.  The density state is provided by the Adapter, but we may force it to always be specific density. 

File Protect - On indicates file is read only. Indication may be built into the "File Protect" button. The state of this indicator should be determined by the console program, not the Adapter.

Tape Indicator - "On" indicates that the Adapter's "Tape Indicator" state bit is on. The Adapter's "Tape Indicator" state bit can be turned on/off by 1401 interface signals. Reading a "tape mark" character will also turn it on. Pressing the "Unload" console button will also make the Adapter turn it on. 
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