








Sample State Machine
Initialize with: state = 1 ;

ch =<next character from the input>
switch( state )
{

case 1: /*-- Scanning for leading CR --*/
if( ch == CR ) state =2 ;
i =0;
break;

case 2: /*-- Scanning for leading LF --*/
if( ch == LF ) state =3 ;
else if( ch == CR ) state =2 ;
else state = 1 ;
break;

case 3: /*-- Buffer result, watch for trailing CR --*/
if( ch == CR ) state =4 ;
else buf[ i++ ] =ch ;
if( i > LIMIT) state =1 ;
break;

case 4: /*-- Scanning for trailing LF --*/
if( ch == LF ) state =5 ;
else if( ch == CR ) state =2 ;
else state =1 ;
break;

}
if( state == 5 )
{

buf[ i ] = 0 ; /* Null terminate buffer */
<process result in 'buff>
state = 1 ;

This state machine can be imbedded within a loop that reads all received data
one character at a time, checks for a timeout, and also checks for user abort.
Once a result is recognized, that loop can be exited or continued if additional
results are expected.

Once a result code string is returned, it can be compared against the known
result code strings. Some strings may incorporate wild-card suffixes. For
example CONNECT followed by any numeric value indicates a successful
connection at the indicated transmission rate. Even if a result such as
CONNECT 38400 is not anticipated, if the controller has been coded for wild­
card recognition, the controller will be capable of interpreting such responses
correctly. This practice also facilitates interpretation of connection failed
messages that are preceded by NO followed by any other character string such
as DIALTONE, CARRIER, or ANSWER.
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•
D.3 Modem Preparation

•

Once the modem has been identified, the controller can continue to program
any registers or user-defined values into the modem necessary prior to
initiating the connection process. Typically, the setup operation is separated
from the connection processing because it is performed independently of
whether the call establishment will be in the originating or answering mode.

Setup commands can be issued at the highest transmission rate the modem
supports as determined from the identification process or it may be fixed at a
certain value if the modem is not identified.

D.3.1 Reset

Before issuing any other commands to the modem, it is advisable to issue a Z
or &F command to the modem before the identification or setup process. No
specific response should be anticipated. The modem may be set up to return
numeric, or no result codes. If a reset will be used, the following points should
be considered:

• Even if a recognizable result within 2.6 seconds, the program should
continue. (Some modems do a lengthy reset process before responding with
a result; others may be in Ql or VO mode.)

• Following an OK result, an additional 600ms delay should be imposed. Some
modems will respond with an OK then do lengthy reset processing, in which
case they are unable to accept additional commands.

After the modem is reset, the first setup string (e.g., verbose rather than
numeric result codes) should be issued, then the identification command.

D.3.2 Setup

Software should generally provide some modem setup. However, the software
can be written to rely on modem configuration via a stored profile recalled on
reset, or by DIP switches set depending on the product. In this case, any unique
settings must have been set up prior to running the software, and all the
program does is send the Z command to recall the desired profile. Even more
basically, software can assume the modem is in the power-up state. However,
unless the software will be used within a very predictable environment, these
assumptions may result in failures with the controller software.

Some commands will always be overridden by the controller in order to ensure
its proper functioning. Other command options should either default to the
factory setting, or simply act as the "transfer agent" for the commands
specified by the user. Menus and dialogs can be provided to prompt the user for
specific activities; the program can then interpret these requests and configure
the modem accordingly, as Hayes Smartcom products do, or provide the user
opportunity to enter AT command strings.
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Commands frequently set by a modem controller:

EO Turn off echo mode to avoid having command echoes pass through the
result code scanner.

II F Recall the factory profile.

Q1 Enable result codes to ensure that commands are being processed, and to
synchronize with the modem command processor (except for synchronous
communications where result codes may cause the DTE confusion).

VO or Vl Use either numeric result codes or verbose (recommended) result codes.

50=0 Disable auto-answer during the setup process to avoid inadvertent disruption
by an incoming call.

HO Ensure modem is on hook before continuing to the answer or originate
process.

S12= 10 Set the escape sequence guard time to 200ms to hasten the escape for
hang-up process. Also reduces the probability of inadvertent user escapes.

S2=* Change the escape sequence character for two reasons: To avoid
inadvertent user escapes, and to provide different escape sequence
characters for answer and originate ends. This prevents inadvertent escaping
when data is echoed.

54=* Modify the linefeed character to make the <CR><LF>NO
CARRIER<CR><LF> result code more unique if you scan for it to detect
carrier loss.

S95=60 Enables the result codes which will provide the maximum amount of
information about the connection when it is established.

Two typical setup sequences using these recommendations are shown below:

Recommendation for software design based on using pre-existing user
settings:

AT E Q v 50=0 H 512=10 52=28 54=31 595=60 <CR>

Recommendation for software design based on starting from a known
factory setting:

AT ElF 52=28 54=31 512=10 595=60

Note: Where the zero suffix is used, it may be omitted from a command. Spaces are shown above
for readability, but the use of spaces between commands is not recommended.

Once this setup command has been sent, and the OK response returned, the
controller can continue to the originate or answer processing.

If user-programmed settings are included in additional setup strings, or the
user is permitted to enter AT setup strings, the software should anticipate
ERROR result codes. If an ERROR is returned in response to such a command,
the result does not have to be reported to the user, but the controller should
not be prevented from continuing in either case. Many times a connection can
be made even though some setting is in error or is inappropriate for the class of
modem being addressed.
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D.3.3 Establishing the Desired Connection and FaUback 5trategy

536 determines which fallback action will occur if the protocols and
procedures set by 546 and 548 do not produce a LAP-based (LAPB) error­
controlled connection.

The optimum fallback control strategy depends on which Hayes error-control
modem you have. The fallback behavior is determined by 536, 546, 548, and
&Q5.

Note: Three flow charts at the end of this discussion explain graphically the fallback control process
as it relates to the main Hayes V-series modem types. It may be helpful to look over the flowcharts
before reading on.

There have been two improvements in the V-series that affect 536: The first
added &Q6 Asynchronous Speed Buffering (ASB); ASB provides the same fixed
speed DTE interface and local flow control as in the error control mode but
without the error control or remote t10w control. The second improvement
added V.42 with its Alternate Protocol (MNP).

536 in the early (pre-ASB) V-series only consisted of one bit, Bit 0, which
permitted the user to decide whether the modem would hang up or not if it did
not succeed in negotiating an error-controlled connection. The factory default
for 536 was 1, which meant fall back to direct async rather than hang up if an
error control protocol is not established in &Q5 mode.

When &Q6 (ASB) was added, a fall back option for &Q5 mode, which can be
controlled with 536, was also added. If 536 Bit 1 is set, and bit °is also set, the
modem will fall back to ASB instead of direct async if no error control protocol
is established in &Q5 mode. The factory default for 536 remained 1.

When V.42 was added, it added another fall back option, MNP, to 536. If 536
Bit 2 is set, then MNP will be attempted if the primary protocol selected in 548
is not established. Bit 2 is evaluated before Bits 0, then Bit 1. If MNP is
established as the protocol, then Bits °and 1 are ignored. The factory default
became 5 and later was changed to 7 to take more advantage of ASB.

Now that we know that there are three versions of 536, we may need a way to
tell which version our software is controlling. First, verify that it is a Hayes
error-control modem. This is done by issuing an 14 command and looking for
the existence of a "b-string". A b-string begins with a lower case letter "b" and is
followed by several upper case letters or numbers forming a hex value.

The easiest way for software to identify whether a V-series modem supports
Asynchronous Speed Buffering (also known as ASB, Buffered Async, or Normal)
is to issue the follOWing AT command, AT &Q6 &Q5 <CR>. If the result code is
OK then &Q6 is supported, and ASB is also supported as a fall back. If the result
code is ERROR, then &Q6 is not supported. If this is the case, then software
should be prepared to fall back to a direct async connection.

The easiest way for software to identify whether a V-series modem supports
V.42 (and MNP) is to decode the first character after the leading "b" in the b­
string of the 14 ID command response. The characters follOWing the "b" in that
line are "ASCII-hex" (0-9, A-F), which decode into 4 bits of ID code (3-0). If Bit 3
is set, then MNP is supported; Bit 2 is V.42.
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Armed with the knowledge of which 536 bits are supported, the software may
now safely configure the modem and properly anticipate the fall-back action.

It should be safe to set 536 bit 2 to enable V.42 (and MNP) even if those
protocols are not supported in the modem.

If the modem does not support ASB, then software should be prepared to follow
the CONNECT XXXXX speed result code and change the DTE port speed to
match the indicated line speed of the direct connection when no error
controlled connection was negotiated.

If software will not change port speeds in response to the CONNECT message,
then when software has identified a 'pre-ASB' V-series modem, it should set 536
to 0 or 4 so that if no protocol is negotiated, the modem will hang up.

The following table shows the order in which the bits of 536 are evaluated:
(Remember, these steps only occur after the 546/548 selections have failed to
make a LAPBased error controlled connection in &Q5 mode.)

S36 Bit 7-3=0 reserved
First Bit 2 (4) If set, means try MNP protocol; reset means don't use MNP.
Third Bit 1 (2) If set, means fall back to ASB; reset means direct async.
Second Bit 0 (1) If set, means fall back based on Bit 1; reset means hang up.

The following table shows the meaning of each setting:

536=7 Try MNP, then fall back to ASB.

536=6 Try MNP, then hang up.

536=5 Try MNP, then fall back to direct async.

536=4 Try MNP, then hang up.

536=3 Don't try MNP, fall back to ASB.

536=2 Don't try MNP, hang up.

536=7 Don't try MNP, fall back to direct async.

536=0 Don't try MNP, hang up.

Three flowcharts are provided to illustrate the fallback strategy of Hayes
V-series products. To determine which chart applies to your Hayes V-series
product, refer to the following chart:

ATI3 Response contains...

V-series Smartmodem 2400 V-series Smartmodem 9600

Type 7 04-00005-10 04-00015-10

04-00005-11 04-00015-11

04-00005-12 04-00015-12

04-00005-13 04-00015-13

04-00015-14

Type 2 04-00005-14 04-00015-15

04-00015-16

Type 3 Does not contain any of the above Does not contain any of the above
numbers numbers
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Type 1: Hayes Modem
Operation in &Q5
Communications Mode

Applies to V-series Smartmodem 2400 up to and including Version 1.3 and
V-series Smartmodem 9600 up to and including Version 1.4.

Carrier handshake
complete

548
Bit 7 = 1

Yes

LAP-based
protocol
(Refer to

546)

Negotiation
succeeded

Primary Fallback
---------------------- --------------------------
Negotiation Failed

Hang up Done )
~
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Type 2: Hayes Modem
Operation in &Q5
Communications Mode

Applies to V-series Smartmodem 2400 Version 1.4 and V-series Smartmodem
9600 Versions 1.5 and 1.6.

Carrier handshake
complete

548
Bit 7 = 1

Yes

LAP-based
protocol
(Refer to

546)

Negotiation
succeeded

!~~~~~~~-----------------------------------------
Negotiation Failed

Hang up Done )
~
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Type 3: Hayes Modem Applies to all V-series products newer than Types 1 and 2.
Operation in &Q5
Communications Mode

Yes

548
Bit 7 =1

Yes MNP-?
Protocol

(Ref. 546)

LAP-based
protocol
(Refer to

546)

Negotiation
succeeded

Primary Fallback
---------------------- ----------- --------------
Negotiation Failed

Hang up Done J
~
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0.4 Connect Processing

Once the setup operation has been completed, the commands to establish the
connection can be issued. The instruction can be either to originate (using the
D command), or to answer (using the A or SO commands).

D.4.1 Originating a Call

If the D command is issued with the desired phone number, several possible
result codes can be returned. The list below outlines some results to expect:

Result Code Meaning

NO CARRIER Connection failed

NO ANSWER No response to '@I dial modifier

NO DIALTONE No dial tone in X4 mode

NO - Connection failed for some other reason

BUSY Busy signal detected

CONNECT - Connection successful; you may need to change DTE speed to the
indicated baud rate. (See Wn and 595)

CARRIER -- * DCE carrier speed. (See Wn and S95)

PROTOCOL: -- * Error-correction protocol being used by the modems.
(See Wn and 595)

COMPRESSION:-- Compression technique in use by modems. (See Wn and S95)

AUTOSTREAM Autostream technique in use by modems if selected by user. (See
Wn and S95)

Ignore other responses, but continue to wait for CONNECT _, BUSY, or NO _
responses. The CARRIER and PROTOCOL results are intermediate results and
precede either a CONNECT __ or NO __ result. These results are only
returned by V-series modems when configured to use an error-correcting
protocol.

If you recognize any numeric value for the baud rate after the CONNECT result,
you will have a much more robust controller able to handle many situations.
You can use the PROTOCOL result to determine if the flow control requested
by the &K command is in effect for V-series products.
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D.4.2 Answering a Call

The simplest technique for answering an incoming call is to set SO and wait for
a CONNECT _ result. You may get several RING results, and possibly a NO
CARRIER result if the caller hangs up before connecting. These results should
not cause your controller to abort. Continue to wait for a CONNECT result
code.

If you set SO, you may want to set it back to zero after your controller finishes
the call to prevent inadvertent answering when your software is not running.
By setting SO to the number of rings you desire before the modem answers, you
utilize the ring detection technology already built into the modem.

You should not use the A command to answer after counting RING results
because the command may collide with another RING result from the modem
and be missed. The RING results may be generated in pairs depending on the
ringing cadence of the phone system.

D.4.3 Using the CD Line

Monitoring the Carrier Detect (CD) line of the RS-232 interface is another
technique for carrier detection in answer or originate mode. This assumes that
&Cl or the corresponding DIP-switch has been set and the cable is wired
properly. Both are risky assumptions. You will have a more robust controller if
you use result code scanning rather than the RS-232 lines.

If you use CD, you do not know when the modem has given up waiting for the
carrier, or why. If the line is busy, you may want to re-try the dial operation. If
there is no dial tone, the user needs to know this.

D.4.4 Aborting a Connect Request

Once the D or SO command has been issued, the modem goes off hook (or may
be off hook for SO) and it must be put back on hook (hang-up) before the abort
is completed. To abort an in-progress connect command, send any character to
the modem. This will typically result in a NO CARRIER response. The result
code scanner should be called after the abort character is sent to prevent
additional commands from being sent before the controller and the modem
are again in sync.

Smartcom products send AT<CR> to abort an in-progress connect command.
This elicits a result code regardless of whether the modem were off-hook or
not. If the modem was off-hook attempting to connect, this will abort the
connect operation and return NO CARRIER. If the modem was on-hook in
command mode, this simply returns <CR><LF>OK<CR><LF>.
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D.5 Carrier Loss Detection

You want your application to be able to detect when the carrier has been lost so
you can determine when the connection is complete. You might be unable to
put this part of the code in your controller software, since the controller is
typically running only during the connect or hang-up process. Once the
application has detected the carrier loss event, it can call the modem controller
and restore the modem settings.

D.5.1 Using the CD line

If you are confident of the communications environment and cabling
requirements, and have access to the RS-232 signal status, then monitoring the
CD line is the easiest carrier loss detection method to implement. This requires
lICl to be programmed at setup time, or be stored in the modem as the value
recalled on reset or powerup.

However, this is the most restrictive and risky choice. It requires a properly
wired cable and support of lIC1 by the modem's command set or proper DIP­
switch settings.

D.5.2 Scanning the Incoming Data Stream

In cases where you cannot depend on 100% Hayes compatibility or want to be
independent from the cable wiring, then scanning for the NO CARRIER result
code is more reliable. It is also more complex to implement.

Typically, at the low-level of the program all received data is retrieved through
one subroutine. This subroutine can be augmented or layered to provide the
service needed. As data passes through, the last fourteen characters are
buffered, typically in a circular buffer. If more data passes in each call, only the
last fourteen need to be copied. At a time when the processor is free, such as
after 100 ms of idle time or the receive routine has returned no data for 30 to
100 calls, then the buffer is compared against the <CR><LF>NO
CARRIER<CR><LF> result code. If a match is found, the carrier lost event is
triggered.

By only checking when there is idle time, or after no data has been received for
a while, you reduce the CPU overhead and ensure that the modem is not falsely
triggered when the string is imbedded in an actual data stream.

You can also modify the linefeed character by using S4 to a different value such
as S4=31 to make the result code sequence more unique. This action, however,
affects other result codes generated by the modem.
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•
D.6 Escape and Hang Up

•

When your controller has been instructed to terminate the connection, you
must put the modem back in command state and issue the hang-up (H)
command. In addition to hanging-up, you 'tVill also want to restore settings you
changed to their factory-set values, or issue an ATZ<CR> to un.do the effects of
your changes. In any case, restoration of the modem settings is necessary even
if the connection was terminated due to loss of carrier.

D.6.1 Escaping the Modem to Command State

To escape the modem, the controller must first delay the escape sequence
guard time (specified by 512), then issue the escape sequence character three
times (specified by 52); then wait for an OK result. Waiting for the result also
enforces the required guard time after the escape sequence. Once the OK result
is received, the modem has entered command state. The controller can then
hang up and restore the modem.

The controller software must be sure to wait the required guard time before
sending the escape sequence characters. Your controller may have been called
just after data was transmitted and, without the delay, your characters will just
be sent without triggering the escape sequence recognition process. It is
important that the serial transmitter be permitted to be idle for the escape
sequence guard time, plus a few extra milliseconds to allow for error, before
sending characters.

For example, if 512=10, a delay of at least 200 milliseconds is required before
sending the escape sequence characters. After sending the escape sequence
characters, the OK result will be received after another 200 millisecond wait.
This completes the escape sequence process in slightly over 400 milliseconds. If
512=50 (factory setting) is used, one full second must pass before the
chara.cters can be sent, then another second delay must transpire prior to the
OK result. This completes the process in slightly over two seconds. For this
reason, it is recommended that 512=10 be issued to speed up this process.

A delay slightly longer than that stored in 512 should be used to allow for
errors in the system clock as well as in the modem clock. lOOms is an adequate
safety margin.

D.6.2 Using DTR to Escape or Hang Up

The DTR RS-232 signal can be used to escape the modem to command state, or
to reset the modem depending on the &D command set or DIP-switch settings.
This also requires the cable to be properly wired. Unless the software will
operate in a highly-controlled environment, this technique is discouraged over
using the escape sequence process because of the requirements to make it
function properly. Leaving a call connected simply because the cable was not
properly wired can be potentially expensive. The escape sequence is reliable in
all environments if it is properly utilized.
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0.7 Modem Re-configuration

When a call has been completed, a "clean-up" command should be issued to
return the modem a more known configuration. For example, if verbose result
codes were selected when the modem was reset, and the controller selected
numeric result codes, on completing the session, the controller should reset the
modem to re-select verbose result codes. In the same way, if the linefeed
character were changed to suit the software or environment, the character
should be set to its former value. Any other command options that were
modified, should be restored to their factory-set values.

The minimum the controller should do when through with the modem is issue
a Z command option to ensure the modem is restored to its power-up state.

0.8 Timing Considerations

A modem controller inherently has a sense of time. Usually all that is needed to
utilize the timing part of the controller is access to a time reference. For
example, the number of milliseconds since power-up or program launch, or a
"system tick" value can be used.

Under DOS, the INT lC timer tick produces an interrupt every SS milliseconds.
An ISR can be installed on this interrupt to add SS to a long integer every time
it is called. This will prOVide a millisecond counter.

On the Macintosh, the "Tick Count" function will return the number of
vertical-retrace ticks since computer power-up. Each tick represents 1/60 of a
second.

D.8.1 Programming for Time

The time value is used to determine relative time. For example, if a loop should
be executed for only 2 seconds it could be coded as:

timeout =Tick Count( ) + 120 ; 1* 60 tics per second =2 seconds *1
do
{

}
while( ( ! got_one) && ( SystemTick( ) < timeout) ) ;

This code fragment continues to call the Check_Result function until it returns
a true value, or until two seconds have elapsed.

This technique is independent of processor speed. A faster processor may make
thousands of trips through the loop, where a slower one would only make a few
hundred. Any anticipated result code would arrive within that two-second real­
time window.

Care should be given to considering when to start the timing loop. If an AT
command string is sent, then a loop executed, the time interval may also
include the time required to send the AT command (if data is buffered and sent
by an interrupt service routine).

D-16 Technical Reference for Hayes Modem Users



At 300 bps, where each character takes 33ms just to transmit (10/300), a 40
character AT command would take over a second to transmit. This means a two
second loop spends more than half of its time waiting for the AT command
process to complete, leaving only a fraction of a second for the modem to
respond with the result (again at 33ms per character).

One way to avoid this is to wait until all data has been transmitted by an ISR
before entering the result code scan loop. Alternatively, more time can be
provided for loops to process results. Another option is to measure idle time
rather then elapsed time.

D.8.2 When to Consider Time

The use of timing varies from command to command and operation to
operation. Some commands take longer to execute. The guidelines below can
be used to determine the best amount of time to wait.

• For the Z command, wait two seconds for a response, then wait an additional
600 ms, whether a response were received or not.

• For general setup commands, wait two seconds for the response.

• For the hang-up command (H), wait up to 20 seconds for a response. V-series
modems may take longer to hang-up if data buffered within the modem is
still waiting to be transmitted and acknowledged. This time is controlled by
S38.

• For dial commands (D or 0) wait at least one minute or more. Values set for
carrier detect time, tone versus pulse dialing, commas in the phone number,
all can take additional time.

If the software times out, the modem may, in fact, not be connected to the
computer, disconnected, or turned off. If this is the case, enforce a reasonable
timeout to the first setup or identification command. That will determine
whether a moden1 is attached and functioning.

A timeout may also occur when the software receives a result code it does not
recognize. The software may continue to wait until it receives a code it does
recognize. If this is the case, the controller should proceed -as if an ERROR
response were received. The only instance in which it is not prudent to
continue is when a connect (D, A, or SO) command was issued.

Before implementing a timeout, the advantages, if any, to this level of program
interruption should be considered. For example, if the program times out from
a dial command in one minute when it may take two minutes to complete the
call, the timeout defeats the purpose of the command. The modem always
responds with a result code, whether BUSY, NO CARRIER, or CONNECT, after
some length of time.

Idle time is the time since data was received. Elapsed time is the time since the
software started looking for the result. Idle time can be measured by resetting
the timeout clock each time the software receives a character. Rather than
exiting the loop after two seconds of elapsed time, the logic changes to exit
after no further data has been received for two seconds.
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D.8.3 Recovering when "Out Of Sync"

Another disadvantage of timing out is that an early timeout can put the
software out of sync with the modem command processor. The controller may
be interpreting results sent in response to previous commands as the response
to later commands. To avoid this condition, any pending receive data should be
flushed before the next command is issued.

0.9 Transparent XON/XOFF Local Flow Control in Hayes
V-series Modems

The use of flow control during error-control modem connections is essential to
avoid loss of data during error-control protocol retransmissions. Use of flow
control allows the DTE-DCE interface to be run faster than the line speed,
permitting the additional benefit of increased throughput due to stripping of
start and stop bits by the error control protocol and data compression
techniques such as V.42bis. When the interface is run at high speed, data loss
due to modem buffer overrun is qUite likely to occur if flow control is absent or
not functioning properly.

Hayes V-series modems support the industry standard "RTS/CTS" hardware
flow control (invoked by the &K3 command) and "XON/XOFF" character-based
flow control (&K4) schemes. However, in some situations, it is not possible to
use either of these. For example, hardware flow control cannot be used if the
DTE serial port does not support the RTS and/or CTS hardware signals, if
corresponding conductors are not present in the interface cable, or if
intermediate equipment does not properly transfer the RTS and CTS signals.
XON/XOFF flow control cannot be used if the XON and XOFF characters appear
in the user data or in the control information associated with the file transfer
protocol in use, since this would interfere with the use of these characters for
flow control, resulting in failure of data transfer and possibly locking up the
interface.

Hayes addressed these problems in the design of V-series modems. Desiring to
provide a complete solution for all users, Hayes provided a third flow control
scheme, which accommodates systems which cannot use RTS/CTS but which
must transfer data containing the XON and XOFF characters. This scheme,
known as Transparent XON/XOFF Local Flow Control (invoked by the &K5
command), uses only the Transmit Data and Receive Data circuits, yet provides
for the transfer of all 256 possible 8-bit characters over the interface without
interfering with the flow control scheme.
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D.9.1 Summary

Transparent XON/XOFF Flow Control functions on the interface between the
local DTE (computer or terminal) and local DCE (modem). When the data is
placed on the link between the modems, the original characters have been
restored. Neither the remote DTE nor DCE are aware, or need to be aware, of
the fact that Transparent XON/XOFF Flow Control is in use.

Transparent flow control can be viewed as a layered process, organized as
follows. Note that this process is duplicated in the reverse direction (operates
in both directions simultaneously).

User Data Source

+
Transparentization

Flow Control

(local DTE-DCE interface)

D.9.2 Transparentizatoon

User Data Recovered

t
De-Transparentization

t
Flow Control

Transparent XON/XOFF Flow Control operates by scanning the data stream for
XON ($11), XOFF ($13), and DLE ($10) characters ("$11 indicates hexadecimal),
with either 0 or 1 in the high-order bit position. When one is found, a DLE with
same parity character is inserted ahead of it. The original character is then
"transparentized" by exclusive-ORing the character with the value $21
(hexadecimal 21, decimal 33, binary 00100001), which preserves the parity bit
value. XON and XOFF characters are thus "hidden" in the data stream.

D.9.3 Flow Control

Once the XON and XOFF characters have been transparentized (hidden), the
DTE and DeE are free to insert XON and XOFF characters for flow control
purposes at any point in the data stream. This includes the possibility of
inserting XONs and XOFFs between a DLE and the following transparentized
character. XON and XOFF characters in the user data will not interfere with the
flow control scheme. The operation of this XON/XOFF flow control process is
identical to traditional XON/XOFF flow control.
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D.9.5.1 Transmitter
Example

D.9.4 De-Transparentization

In the de-transparentization process, the receiving device scans for OLEs. When
one is found, it is discarded, and the following character is once again
exclusive-ORed with the value $21, recovering the original character. Note that
XONs and XOFFs that appear between the OLE and the following
transparentized character are used for flow control purposes and do not affect
the detransparentization process.

D.9.5 Examples

The following discussion is written in terms of the actions performed by the
computer software. The modem performs identical actions on the reverse
directions of transmission. This text is not meant to constrain implementation
or to imply that better implementations are not possible, but serves simply as
an example.

Each character in the user data stream is individual examined. It it is any of the
six characters $10, $11, $13, $90, $91, or $93, it is exclusive-ORed with the
value $21, and prefixed by a OLE character ($10). This can also be viewed as a
replacement function according to the following table:

CHAR REPLACED BY

$10 $10 $31

$11 $10 $30

$13 $10 $32

$90 $10 $81

$91 $10 $BO

$93 $10 $B2

The characters are transmitted using the parity setting then in force on the
OTE-OCE interface; the XOR with $21 preserves the correct value of the parity
bit.

If the software wants the modem to suspend delivering data, it inserts an XOFF
($13 at current parity setting) in the transmitted data stream at any arbitrary
point, which may be between a OLE ($10) and the following transparentized
character. The XOFF should be issued BEFORE the buffer is completely full,
since there may be a lag of several characters before the modem is able to react
to the XOFF and suspend delivery. To resume delivery of data, the software
inserts an XON ($11 at current parity setting) at any arbitrary point. Characters
inserted for flow control purposes are NOT passed through the transparency
algorithm defined above.
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D.9.5.2 Receiver
Example

Each character received from the modem is individually examined. A
"transparency sequence in progress" flag (TSIP-FLAG) is maintained as part of
a simple state machine. The initial value of the TSIP-FLAG is OFF. The
following tests and actions should be undertaken in the order listed.

If the character received is $13 or $93 (XOFF with either parity), it is
interpreted (regardless of the setting of the TSIP-FLAG) as a request from the
modem for the DTE to suspend transmission of data to the modem. The
receiver portion of the software must communicate this request to the
transmitter portion of the software in a timely manner, since the modem has a
limited amount of buffer space to allow for additional characters to be received
after it sends XOFF (about 64 characters maximum). The XOFF character is
discarded from the received data stream. The TSIP-FLAG is not changed.

If the character received is $11 or $91 (XON with either parity), it is interpreted
(regardless of the setting of the TSIP-FLAG) as a request from the modem for
the DTE to resume transmission of data to the modem, if any is available. The
XON character is discarded from the received data stream. The TSIP-FLAG is
not changed.

If the character is neither an XON or and XOFF, the following steps are
performed:

If the TSIP-FLAG is ON, the received character is exclusive-ORed with $21, then
delivered to the higher layer for further processing (e.g., placed in a receive
data buffer). The TSIP-FLAG is then turned OFF.

If the TSIP-FLAG is OFF and the character received is $10 or $90 (DLE with
either parity), the beginning of a transparency sequence is indicated. The DLE
is discarded from the received data stream, and the TSIP-FLAG is turned ON.

If the TSIP-FLAG is OFF and the character received is neither a $10 nor $90, the
character is a normal untransparentized user data character which should be
delivered to the higher layer for further processing (e.g., placed in a receive
data buffer). The TSIP-FLAG remains OFF (unchanged).

D.9.6 Conclusion

When properly implemented, Transparent XON/XOFF Local Flow Control
permits a fully-functional flow-controlled interface even when only three
conductors are present (Transmit Data, Receive Data, and Signal Ground).
Versatile software may use the &T19 cable test feature of Hayes V-series
modems to determine whether or not RTS/CTS flow control can be used, and,
if RTS/CTS is unavailable, automatically select &K5 operation to use
Transparent XON/XOFF flow control, and allow the user to continue to transfer
data using any protocol or data contents without concern for possible
interference with the XON/XOFF flow control scheme.
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0.10 General Tips and Techniques

The following are tips and techniques that may help in the exchange of
information between the software controller and the modem command
processor.

• Commands in the command line should be ordered starting with the safest
and ending with the most risky. Risk is defined as the potential to generate
an ERROR, causing the remainder of the command line to be ignored.

• Any command that may return ERROR should be anticipated. This or other
unexpected results can be ignored unless the command is critical
(configuration or call placement).

• Send 10 or 14 at 1200 bps, which is supported by the majority of modem
products. A modem reset (&F or Z) should be performed at 1200 bps before
sending the identification commands.

• Setup processing can be speeded by sending all but the last D or 50
command at the highest DTE rate supported by the modem. The last
command must be sent at the speed at which the connection should be
made (except V-series products which specify this with 537).

• Any dependency on proper cabling can be eliminated by avoiding
techniques that depend on RS-232 signals:

Have the software scan for result codes, rather than depending on. the
condition of the CD line.

Transparent flow control should be used with V-series products rather
than with RTS/CTS sjgnals.

The escape sequence with guard time process and H command should be
used to hangup instead of terminate a connection by dropping DTR.

Any unexpected RING result codes may indicate the last command may
not have been processed correctly. The command should be-issued.
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Sample Controller/Modem Exchange
Clock Controller Speed Modem

(1200
bps)

00000 ATZ<CR>

00034 ATZ<CR>

00068 (one second to do reset)

01068 O<CR> (VO stored as default)

01084 (delay additional 600ms)

01684 ATEQV1 50=051 2=1 054=3HI<CR>

01884 ATEQV150=0512=1054=3HI<CR>
(echo)

02084 <CR><LF>960<CR><LF>

02142 <CR><LF>OK<CR><LF>

(19200
bps)

02192 ATMOX4L1512=1052=1 &Q5W1 536
=7537=9&K5<CR>

02206 <CR><LF>OK<CR><LF>

02209 ATDT9VV14045551212<CR>

38000 <CR><LF>CARRIER 2400<CR><LF>

45000 <CR><LF>PROTOCOL:
NONE<CR><LF>

45010 <CR><LF>CONNECT 2400<CR><LF>

(2400
bps)

(Connection Established)

(2400
bps)

00000 (delay 300ms, need 200, add 100
for safety)

00300 (escape char is "A, 52=1)

00313 (waits 200ms)

00513 <CR><LF>OK<CR><LF>

00538 ATHE1 52=4351 2=50VVO&QO<CR>

00630 <CR><LF>OK<CR><LF>
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Where to Go from Here

With the information provided here, you should be able to configure your
modem with AT commands for a variety of communication environments. If
you are just starting out with communications programming, this reference
should provide you with sufficient tips to address the modem's features through
a software program of your own.

If this reference seems more technically oriented than you anticipated, we
suggest that you purchase a Hayes Smartcom product. Any Smartcom program
will fully control the modem to support almost any telecommunication
requirements.

If you are, or would like to become, a registered Hayes Software Developer, you
may receive additional technical material on Hayes products. For information
on qualification and registration procedures, contact Hayes Customer Service
at the telephone number and/or address provided with your modem package.
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