3.1.2.3	TAMPS to E-2C TID Interface


For the TAMPS to E-2C interface there are currently two (2) Data Transfer Devices (DTDs):  the TAMPS Interface Device (TID) and the TID-SCSI (TIDS).  The TID is a serial interface device; the TIDS is a serial/SCSI interface version of the TID.  These devices will be collectively referred to as the TID.  Specific reference to the TIDS will be noted.  


The TID provides the capability for TAMPS to read and write E-2C files containing mission planning data from/to a Tape Transport Cartridge (TTC) installed in an E-2C TID via an RS-232 or SCSI interface (TIDS only).


The E-2C file types supported by TAMPS include:  Supervisory Operating System (SOS), Catalog, JTIDS, Map, and GEO (refer to Figure 3.1.2.3-1).  These files are fixed size files, containing independent pieces of data.  The SOS file contains information about the location of all of the files on the TTCTID tape.  The Catalog file is a directory that provides the filename associated with each file on the tape.  JTIDS files contain the information needed to initialize and participate in the Link-16 JTIDS network.  Map and GEO files, which are used for map construction, contain geographical map features (e.g., coastlines, political boundaries), and single point information (e.g., airfields, NAVAIDS, threats), respectively.  A typical tape contains one (1) SOS file, one (1) Catalog file, six (6) JTIDS files, three (3) Map files, and six (6) GEO files.  TAMPS maywill read the SOS file; read and write the Catalog file; read and write all but the first three (3) JTIDS files; and read and write any of the Map and GEO files.  When a JTIDS, Map, or GEO file is written to the TTC, the existing file is entirely overwritten , the entire file is replaced with the new information.  Files may not be added.
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Figure 3.1.2.3-1.  E-2C  Files Supported by TAMPS


The location of all the files on the TTC is contained in the SOS file located at the TTC load point (i.e., the beginning of the tape on track zero (0)).  The SOS file provides the following information for each file on the tape:  unique block ID number, the tape track number the file is stored on (i.e., track zero (0), one (1), two (2), or three (3)), and the number of records to skip from the start of the track the file is located on.  To read a file from the TTCC, TAMPS must read the first tape block of the Catalog, JTIDS, Map, or GEO file.  This tape block contains the block ID, checksum, L-304 loader program, and data.  A second tape block must be read for the Map and JTIDS files.  To rewrite existing files on the TTC, TAMPS must read the first tape block of the Map, GEO, JTIDS, or Catalog file to get the loader program, then append the new data to be written to the end of the loader program.  The loader program and new data are then written back to the tape.


The E-2C TID is an asynchronous, serial DTD that is directly addressable via standard RS-232C tty ports. The E-2C TIDS has a serial interface similar to the TID and a synchronous interface which may be accessed through a special SCSI device file.  The TID TTC may be accessed via standard low-level or streaming I/O functions using the assigned UNIX file names: /dev/ttyz1 for the RS-232 interface, and /dev/tsl0 for the SCSI interface.  I/O functions include open(), fopen(), close(), fclose(), read(), fread(), write(), fwrite(), and iotcl().  (Refer to the appropriate UNIX programmer's manual for a detailed discussion of these I/O functions.)  It is the responsibility of the MPM developer to perform appropriate transmission characteristic conditioning (e.g., setting the baud rate) and device control operations (via standard tty ioctls), as well as input and output. 


The TAMPS environment will provide the environment variable ETV_TID.  This environment variable will contain the special device  file names for the serial and SCSI interfaces in a colon delimited format.  The serial designation will precede the colon; the SCSI designation will follow the colon.


The TID reads and writes to Raymond Engineering Incorporated TTCs which are used in the E-2C Digital Data Recorder-Reproducer (DDRR).  The TID does not process information, or calculate checksums.  The TID permits the user to write/read blocks of data to/from the TTCs.  The format of the data and the proper location on the tape are determined and controlled by the host computer and/or user.  Individual blocks of data may be from 512 up to 34,000 bytes in size.


The TID is described in the paragraphs below in terms of tape motion commands, non-motion commands, host status operation, host computer commands, baud rate selection, and host computer programming guidelines, and host computer protocol.  For more detailed information, refer to the E-2C TAMPS Interface Device Interface Control Document.


3.1.2.3.1	Tape Motion Commands


The TID responds to six (6) nine (9) tape motion commands:  Read, Write, Skip N, Load, Erase N, and Move N.  The Point, Erase N, Move N, Read Tape, Write Tape, and Verify Tape.  The three (3)-byte device command contains a 12-bit the requested tape operation (bits 23-20), the number (N) used in the Skip N, Erase N, and Move N commands.  The final four (4) bits of the device command contain the encoded tape  (bits 19-8), and tape characteristics, such as direction and speed (bits 7-0).operation desired.


The Read command causes the TIDequipment to perform a block read on the track and cartridge selected by the host.  The TIDequipment reads all data from the data sync until DBK goes false.  After transfer of data to the host, the TIDequipment completes the Read command by sending the status to the host.  If a warning area status becomes true from the Electronics Unit (EU) without first reading data, the TIDequipment terminates the read process and sends the status to the host.  If the data or warning area is not detected after examining eight (8) ± 10% feet of tape, the TIDequipment terminates tape motion and sends the status to the host.


The Write command causes the TIDequipment to perform a block write on the track and cartridge selected by the host.  The TIDequipment first checks the selected cartridge for a "write protect" before attempting a write operation.  If the TTCtape is write protected, the TIDequipment sends that status to the host without tape motion.


The Skip N command causes the TIDequipment to perform a skip function of "N" records on the cartridge and track selected.  "N" represents the number of Inter Record Gaps (IRGs) to skip, and can range from one (1) to 4095.  Tape direction and speed are also specified in the skip command.  For slow speed skip operations, the TIDequipment brings the tape system to 30 Inches Per Second (IPS) and counts each IRG.  After "N" number of IRGs have been skipped, the TIDequipment terminates tape motion and positions the tape in the final IRG as would be done for a Read command.  If the Skip N command has specified 90 IPS tape speed, the above functions are performed, except that IRG placement will be lost due to the higher tape speed.  If either tape warning area is encountered without counting "N" IRGs, the TIDequipment terminates tape motion and sends a status to the host.  If the presence of data has not been detected after examining eight (8) ± 10% feet of tape, the TIDequipment terminates tape motion and sends a status to the host computer.


The Load Point command causes the EU to perform the automatic load-point sequence on the selected cartridge.


The Erase N command is used to perform a timed erase function on the cartridge and track selected.  "N" represents the time in milliseconds that elapses from 90% tape speed until the TIDequipment terminates tape motion.  Tape direction and speed are also specified in the Erase N command.  Upon receiving an Erase N command, the TIDequipment observes all start-up delays as if a tape write operation were initiated before the TIDequipment starts tape motion.  A timer value of "N" milliseconds taken from the device command is invoked after tape speed reaches 90% of tape speed.  When 90% of tape speed is achieved, status RUN will set true.  Tape motions are terminated at the completion of "N" milliseconds.  If the tape is in the warning area (i.e., Beginning of Tape Warning (BOTW) or End of Tape Warning (EOTW)), the erase timing is inhibited until BOTW or EOTW goes false.  In other words, the measured erase starts when the tape exits the warning area.  If "N" is equal to zero (0), the TIDequipment maintains a continuous erase until Beginning of Tape (BOT) or End of Tape (EOT) is reached, or the host executes a Status command.  In any event, the TIDequipment terminates tape motion and maintains the erase function until tape motion stops.


The Move N command is identical to the Erase N command, except that the erase function is inhibited.  "N" represents the time in milliseconds that elapses from 90% tape speed until the TIDequipment terminates tape motion.


The Read Tape command reads the entire contents of the TTC into the volatile memory of the TID.


The Write Tape command writes the volatile memory of the TID to the TTC.


The Verify Tape command verifies the contents of the TTC with the contents of the volatile memory of the TID.


3.1.2.3.2	Non-Motion Commands


The TID responds to three (3) four (4) non-motion commands:  Status, Enable, and Enable Not, and Clear Memory.


The Status command requests the TIDequipment to send status.  This command can be used to verify the connection and functionality of the TIDequipment.  As the first command after power-up, the status word can be examined for bit status error.  This command can also be used to terminate a continuous Erase N, Move N, or Skip N function.  The Status command is used to initialize the TID baud rate.


The Enable command causes the TIDequipment to set the enable level to +5 volts.  The Enable command turns on the Magnetic Tape Loader (MTL).  The TIDequipment sends the status to the host upon completion of this command.


The Enable Not command causes the TIDequipment to set the enable level to zero (0) volts.  The TIDequipment sends the status to the host upon completion of this command.  This command is commonly referred to as Disable.


The Clear Memory command clears the volatile memory of the TID.


3.1.2.3.3	Host Status Operation


The TIDequipment generates a system status upon receiving a Status command, completion of tape operation, or when the TIDequipment cannot perform a tape operation (e.g., trying to read an unrecorded tape).  The system status sent by the TIDequipment consists of three (3) bytes:  Cartridge Status, EU Status, and System Status (refer to Figure 3.1.2.3.3-1).�
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Figure 3.1.2.3.3-1.  TID System Status


The first byte contains cartridge information taken directly from the EU, including:  Tape Transport Cartridge Installed (TTC1IN/TTC2IN); File Protect (FP1/FP2); BOT; BOTW; EOT; and  EOTW.


The second byte represents EU status bits also taken directly from the EU, including:  Cartridge Select Status (CSTAT); Track Selected (TS-1/TS-2); System Enable (SNBL); Busy (BSY); at Load Point (LP); Cartridge Status (STTC); and Temperature Status (STEMP).


The third byte represents four (4) bits of system status generated by the TIDequipment.  The first bit, UTAP bit, is set if data was not detected after examining eight (8) ± 10% feet and indicates an unrecorded tape condition for the Read, Skip N, and Move N commands.  The second bit, SFAIL bit, represents tape motion failure generated after 120 milliseconds havehas elapsed from start bit STRT true and RUN remaining false.  The third bit, Built-In Test (BIT), bit is the BIT failure set after a fault has been detected by the TIDequipment during the power-up sequence.  The fourth bit, COMP, bit is set if a command was not able to be completed (e.g., the skip function could not be completed).  The remaining four (4) bits have not been assigned any function.  Memory Clear (MCLR) bit is set to one (1) if the volatile memory of the TID is loaded, zero (0) if clear.  The Status Valid (VAL) bit is set to one (1) when the requested action has been completed, zero (0) if the requested action has not been completed.  The TIDS bit is set to one (1) to indicate the RS-232-only TID containing two (2) TTC slots with no TTC copy capability, zero (0) to indicate the RS-232/SCSI TID having one (1) TTC slot with TTC copy capability.


3.1.2.3.4	Host Computer Commands


The TID accepts commands from the host computer.  The commands from the host computer will be three (3) bytes (i.e., 24 bits) in length and will have the format shown in Table 3.1.2.3.4-I.  The commands issued from the host computer control tape operations for the MTL Model 6484-11 from Raymond Engineering, Inc. and its TTC.


Table 3.1.2.3.4-I.  Host Command Format





3.1.2.3.45	Baud Rate Selection


Upon power-up of the TID, the host computer will repeatedly send a status request (i.e., Status command) to the TID until status information is received from the TID.  This will be done to establish communication at the proper baud rate with the host.  The TID checks the highest baud rates first, then decrements the baud rate for each subsequent status request until the status command is properly interpreted.  At that time, the TID will return status to the host.


3.1.2.3.56	Host Computer Programming Guidelines


The host computer programming guidelines presented in the paragraphs below reflect the proper sequence of events during communications with the TID.  Table 3.1.2.3.56-I illustrates proper tape command formats.


Table 3.1.2.3.56-I.  Sample Host Command Settings
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3.1.2.3.6.1	Power-up/Baud Rate Initialization


For power-up/baud rate initialization, steps  "b" through "d" below are repeated until the TID responds to the Status command.


a.	The host sets Request to Send (RTS) ON, indicating when the host is ready to receive data.


b.	The TID sets Clear to Send (CTS) ON, indicating that the TID is ready to receive commands.


c.	The host sends the Status command to the TID.


d.	The host waits 100 milliseconds for data from the TID.


3.1.2.3.6.2	Read


The steps below demonstrate how the host may exercise the TID Read command, causing the equipment to perform a block read on the host-selected track and cartridge.


a.	The TID sets Clear to Send (CTS) ON, indicating that the TID is ready to receive commands.


b.	The host sends the Read command to the TID (three (3) bytes).


c.	The host sets Request to Send (RTS) ON, indicating that the host is ready to receive data.


d.	The TID sets CTS OFF, indicating that the TID will not respond to further input transmission from the host.


e.	The TID reads data from the TTC.


f.	The TID sends the byte count to the host (two (2) bytes).


g.	The TID checks the RTS for an ON condition in order to send more information.


h.	If the byte count is greater than zero (0), the TID sends the data from the TTC to the host.


i.	The host interrupts transmission of the data from the TID if necessary (input buffer full) by setting RTS OFF.  The TID completes transmission of the current byte in progress and suspends transmission until the host sets RTS ON again.


j.	The TID generates status information.


k.	The TID checks for RTS to be in the ON condition as set by the host.


l.	The TID sends status to the host (three (3) bytes).


3.1.2.3.6.3	Write


The steps below demonstrate how the host may exercise the TID Write command, causing the equipment to perform a block write on the host-selected track and cartridge.


a.	The TID sets CTS ON, indicating the TID is ready to receive commands.


b.	The host sends the Write command to the TID (three (3) bytes).


c.	The host waits one (1) millisecond and checks CTS for an ON condition in order to send more information.


d.	The host sends the byte count to the TID (two(2) bytes).


e.	The host waits one (1) millisecond and checks CTS for an ON condition in order to send more information.


f.	The host sends data to the TID to be written on the TTC.


g.	The host sets RTS ON, indicating that the host is ready to receive information from the TID.


h.	The TID writes data to the TTC.


i.	The TID generates status information.


j.	The TID checks for RTS to be in the ON condition as set by the host.


k.	The TID sends status to the host (three (3) bytes).


3.1.2.3.6.4	Skip N, Load, Enable, Disable, and Status


The steps below demonstrate how the host may exercise the TID Skip N, Load, Enable, Enable Not (i.e., disable), and Status commands, causing the equipment to perform the skip function, perform the automatic load-point sequence on the host-selected cartridge, set the enable level to +5 volts, set the enable level to zero (0), or request the equipment to send status.


a.	The TID sets CTS ON, indicating that the TID is ready to receive commands.


b.	The host sends the command to the TID (three (3) bytes).


c.	The TID sets CTS OFF, indicating that the TID will not accept further transmission from the host.


d.	The TID implements the command.


e.	The TID generates status information.


f.	The TID checks for RTS to be in the ON condition as set by the host.


g.	The TID sends status to the host (three (3) bytes).


3.1.2.3.6.5	Erase N and Move N


The steps below demonstrate how the host may exercise the TID Erase N or Move N commands, causing the equipment to perform the erase function, or the move function.


a.	The TID sets CTS ON, indicating that the TID is ready to receive commands.


b.	The host sends the command to the TID (three (3) bytes).


c.	The TID implements the command.


d.	The TID terminates implementation of the command, if the Status command is received from the host.


e.	The TID sets CTS OFF, indicating that the TID will not accept further transmission from the host.


f.	The TID generates status information.


g.	The TID checks for RTS to be in the ON condition as set by the host.


3.1.2.3.6	Host Computer Protocol


The following paragraphs outline the protocol for interaction between the host and the TID.


3.1.2.3.6.1	Device Commands


All device commands are initiated by the host, and will always be three (3) bytes in length.  Therefore, the first data transfer after power�up will be a device command.  After the TID completes its initialization, it will be looking for a three (3)-byte transfer to be the first command.  After receiving  the three (3) byte data transfer, the TID decodes the command.  Three (3) types of events can result: Tape Movement, Write, and Read.  The first event type is a movement command.  The command may only require local activity, such as a search or move N task.  The command is considered finished upon completion of the action unless a problem occurred.  The second event type is a write command which requires further communication with the host.  The third event type is a read command which also requires further data transfer.  All commands will fall into one (1) of these three (3) categories.


3.1.2.3.6.1.1	Tape Movement Command 


The Tape Movement command requires two (2) data transfers, one (1) from the host to the TID (Device Command) and one (1) from the TID to the host (Status Word).  Both transfers are three (3) bytes and are considered unique.  After decoding the device command, the TID must evaluate whether command execution can be initiated.  An example could be to check to determine that the selected cartridge is installed or the tape is positioned correctly.  The TID will generate the Status Word prior to tape motion and send the status to the host.  The host will receive the status and decode it to determine if the command was executed.  If a problem exists, the host might repeat the command or prompt the operator.  If the command is executable, the status will be delayed until the command has been completed, at which time it will be sent to the host.  The successful completion bit would be set along with cartridge status (eight (8) bits) and EU status (eight (8) bits).  However, it is possible to execute a device command unsuccessfully.   An example would be a skip of N records where the end of tape was encountered before N was satisfied.  This condition should be considered an unsuccessful command because the intended function by the host was not accomplished.  Therefore, the "operation not complete" bit should be set in byte three (3) of the TID status.  Since EU is part of the TID status, the host has sufficient information to determine the problem.


3.1.2.3.6.1.2	Write Command 


The write command works like that previously described, except there are two (2) additional transfers from the host to the TID.  After the host sends the Device Command "WRITE," the host must send a two (2)-byte word count which represents the entire data record that is to follow.  The TID receives the data to be written to the TTC.  After all data has been transferred, the TID will evaluate the condition of the data, checking for situations that prevent the data from being written to the TTC.  An example would be if the cartridge is removed or is write protected.  In this case, the TID status will be generated and sent to the host which is waiting for status.  Otherwise, the write process occurs after receipt of data.  Upon completion, the TID generates status and sends it to the host.


3.1.2.3.6.1.3	Read Command 


The read command operates like the write command, except the byte count value is known by the TID.  After the host sends the read command, it waits for a two (2)-byte transfer representing the total amount of data the TID has for the host.  If the read command cannot be performed, the word count will be set to zero (0) and sent to the host, alerting the host to skip its read routine and go directly to the receive status routine.  To accomplish this, the TID has to perform the read function first, checking before and after tape motion for anomalies.  A typical error condition prior to tape motion might be a cartridge not installed, or the tape is positioned incorrectly.  A typical error condition after tape motion is no data on tape, or unrecorded tape.  In either event, the byte count is set to zero (0) and sent to the host, followed by the TID status.  If a read is successful, a byte count greater than zero (0) is sent to the host, followed by a data transfer, followed by the TID status.
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